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The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomnc CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective The vitamin D receptor (VDR) regulates cell proliferation, differentiation, apop-
tosis, and immune responses and has been proposed as a potential cancer biomarker. This study inves-
tigated VDR gene expression in oral squamous cell carcinoma (OSCC), an aggressive malignancy with
unfavorable outcomes, particularly in HPV-negative tumors.

Methods VDR mRNA expression was analyzed by reverse transcription quantitative PCR in tumor samples
from 109 HPV-negative OSCC patients, and relative expression was calculated by the 222“ method. As-
sociations with clinicopathological variables were assessed using x* and Fisher’s exact tests, while survival
was evaluated by Kaplan-Meier and Cox regression analyses.

Results VDR expression was not significantly associated with clinicopathological characteristics. Although
patients with low VDR expression showed longer overall survival than those with high expression, the
difference was not significant (p = 0.253). Borderline associations were observed in early survival, with
the 24-month landmark analysis (p = 0.050) and among patients with recurrent tumors (p = 0.051). VDR
expression was not an independent prognostic factor.

Conclusion VDR gene expression alone has limited prognostic value in HPV-negative OSCC. However,
the observed borderline associations with short-term survival and among patients with recurrent tumors
suggest a potential context-dependent role in disease progression that warrants further investigation.
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INTRODUCTION

Oral squamous cell carcinoma (OSCC) rep-
resents the most common malignancy of the
oral cavity and a significant cause of morbid-
ity and mortality worldwide [1]. Despite ad-
vances in diagnostics and the implementation
of multimodal therapeutic approaches, in-
cluding surgery, radiotherapy, chemotherapy;,
and more recently immunotherapy [2], the
prognosis remains unfavorable, with five-year
overall survival rates of approximately 50-60%,
largely due to frequent disease recurrence [1,
3]. Furthermore, the rising incidence among
younger populations [4] and in regions of
Southeastern Europe, including Serbia [5],
highlights the growing public health signifi-
cance of this malignancy.

The pathogenesis of OSCC is complex and
multifactorial, involving an interplay of ge-
netic and epigenetic alterations that disrupt
the regulation of the cell cycle, differentiation,
and apoptosis [2]. In addition to well-known
etiological factors, such as smoking and al-
cohol consumption, there is growing inter-
est in the influence of infections with human
papillomavirus (HPV), which has led to the
introduction of a distinct staging system and

classification of oropharyngeal squamous cell
carcinoma (OPSCC) and OSCC according to
HPYV status [6].

While the prognostic significance of HPV
status is well established in OPSCC, in which
HPV-positive tumors are associated with im-
proved therapeutic response and better clinical
outcomes, its role in OSCC remains insuffi-
ciently defined [6]. HPV-negative OSCC, which
accounts for the majority of cases, is charac-
terized by greater genomic instability, more
aggressive clinical behavior, and poorer prog-
nosis than HPV-positive tumors [7, 8]. These
differences suggest distinct molecular and
immunological pathways involved in tumor
progression, including variations in antitumor
immunity and tumor-host interactions. They
also highlight the need for novel biomarkers to
improve prognostic assessment and therapeutic
decision-making [9, 10].

The vitamin D receptor (VDR) is a nuclear
receptor that regulates the expression of a large
number of genes involved in the control of cel-
lular proliferation, differentiation, and apopto-
sis [11, 12]. Beyond its established role in cal-
cium homeostasis, the active form of vitamin
D (calcitriol), through VDR signaling, exerts
pleiotropic effects, including modulation of
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immune responses, inflammatory processes, and tumor-
related signaling pathways [13]. VDR signaling has been
increasingly associated with modulation of innate and
adaptive immune responses, regulation of inflammatory
cytokine production, and maintenance of immune homeo-
stasis within the tumor microenvironment, suggesting a
possible role in immune-mediated processes and antitu-
mor immunity [14].

VDR expression is regulated by genetic, epigenetic, hor-
monal, and environmental factors [11, 12], while calcitriol
may induce its own expression through autoregulatory
mechanisms [15].

Previous studies have demonstrated variable VDR ex-
pression in normal, premalignant, and malignant oral epi-
thelium [16]. VDR showed a tendency toward increased
expression in oral precancerous lesions compared to nor-
mal mucosa, whereas a relative decrease was observed in
OSCC [17]. This pattern reflects dynamic changes in VDR
signaling during disease progression [18, 19]. Furthermore,
some studies suggest that VDR expression decreases with
advancing tumor stage, implying its potential involvement
in tumor progression and disease aggressiveness.

However, findings regarding VDR expression in oral
cancer remain inconsistent, with some authors reporting
increased VDR expression in malignant and premalignant
lesions, while others describe reduced expression in tumor
tissues. These discrepancies may reflect tumor heterogene-
ity, methodological differences, and variations in local vi-
tamin D metabolism and VDR signaling within the tumor
microenvironment [20]. Activation of oncogenic pathways,
such as Ras signaling, and alterations in vitamin D me-
tabolism, including increased CYP24-mediated degrada-
tion, may modulate VDR activity and its biological effects
within the tumor microenvironment [21, 22].

Despite growing interest, the clinical and biological
significance of VDR gene expression in HPV-negative
OSCC has not yet been fully elucidated. Given the immu-
nomodulatory and antiproliferative properties of vitamin
D signaling, further investigation of VDR may contribute
to a better understanding of the molecular mechanisms
underlying disease progression and facilitate the identifica-
tion of novel prognostic biomarkers and potential thera-
peutic targets. Clarification of the role of VDR signaling
may also improve patient stratification and support the
development of more personalized treatment approaches
[9, 10, 18-20, 23].

The aim of this study was to evaluate whether VDR gene
expression is associated with clinicopathological features
and overall survival in patients with HPV-negative OSCC
and to assess its potential prognostic value. We hypoth-
esized that VDR expression may influence disease progres-
sion and clinical outcome through interactions within the
tumor microenvironment.

METHODS

This study included 109 patients with OSCC treated sur-
gically at the Clinic for Maxillofacial Surgery, Military
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Medical Academy, Belgrade. Clinical, histopathological,
and follow-up data were collected from medical records.
All surviving patients had a minimum follow-up period
of two years. None received preoperative chemotherapy,
while all underwent postoperative radiotherapy.

Tumor specimens were collected during surgery and
stored at -20°C. Genomic DNA and total RNA were iso-
lated using TRI Reagent according to the manufacturer’s
protocol. DNA quality was assessed by agarose gel electro-
phoresis, while nucleic acid concentration and purity were
measured spectrophotometrically.

HPYV status was determined using the HPV High Risk
Screen Real-TM Quant kit targeting high- and intermedi-
ate-risk HPV types. All tumors were HPV-negative.

VDR mRNA expression was analyzed by reverse tran-
scription quantitative PCR (RT-qPCR). Total RNA was
reverse-transcribed into cDNA using the High-Capacity
c¢DNA Reverse Transcription Kit. Amplification was per-
formed using TagMan assays on a 7500 Real-Time PCR
System. GAPDH was selected as the reference gene follow-
ing stability assessment with BestKeeper and NormFinder
software. Relative expression was calculated using the 244
and Pfaffl methods. All analyses were performed in trip-
licate.

Statistical analyses were conducted using IBM SPSS
Statistics for Windows, Version 20.0 (IBM Corp., Armonk,
NY, USA) and JMP v17 (JMP Statistical Discovery LLC,
Cary, NC, USA). Associations between categorical vari-
ables were assessed using x* or Fisher’s exact tests. Optimal
expression cutoff values were determined using Cutoff
Finder [24], enabling classification into low- and high-
expression groups. Survival was analyzed using Kaplan-
Meier curves and log-rank tests, while hazard ratios (HRs)
were calculated using Cox proportional hazards models.
Statistical significance was defined as p < 0.05.

RESULTS

The study population consisted predominantly of males
(74%), with 61% of patients younger than 58 years.
Smoking was reported by 75% of participants, whereas
most reported low alcohol consumption (71%). Advanced-
stage tumors (stage III-IV) accounted for 71% of cases,
while nodal metastases and disease recurrence were ob-
served in 64% and 58% of patients, respectively (Table 1).

No significant association was found between VDR ex-
pression and demographic variables. Although high VDR
expression was more frequent among males, the difference
was not statistically significant (p = 0.191). Similarly, age,
smoking status, and alcohol consumption showed no sig-
nificant relationship with VDR expression.

Analysis of histopathological characteristics revealed no
significant association between VDR expression and histo-
logical grade or nuclear grade. A non-significant tendency
toward higher expression in well-differentiated tumors was
observed. Likewise, no statistically significant relationship
was found between VDR expression and tumor stage, tu-
mor size, nodal status, or recurrence (Table 1).
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Table 1. Association of the vitamin D receptor (VDR) gene expression
with demographic and clinicopathological features of oral squamous

cell carcinoma patients’ tumor samples

Ivkovi¢ N. et al.

Table 2. Hazard risk analysis of prognostic factors in relation to overall
survival (OS) according to Cox regression analysis in oral squamous cell
carcinoma patients

Univariate Cox analysis identified alcohol consumption,
advanced tumor stage, larger tumor size, nodal metastases,
and recurrence as factors associated with poorer overall
survival. Recurrence demonstrated the strongest effect on
mortality risk (HR = 11.436, p = 0.0001). In multivariate
analysis, recurrence remained the only independent prog-
nostic factor (Table 2).

Patients with low VDR expression exhibited longer
mean and median overall survival (58.6 and 42 months,
respectively) than those with high expression (46.5 and
29 months). However, the difference was not statistically

‘ DOI: https://doi.org/10.2298/SARH260804079I

Variable N _'I;o;;l(o/ VDR express‘i - :::;(ression Variables o
= o) Low High analysis HR [95% Cl] p
Male | 81(74) | 34 47 Sex 0.615(0325-1.162) | 0.134
Sex Female | 28 (26) 16 12 Age (> median) | 0.638(0.365-1.116) | 0.115
p 0.191 Smoking 1.785(0.902-3.532) 0.096
< 67 (61) 31 36 Alcohol 1.447 (1.115-1.878) 0.005
Age (= 58) > | 4269 | 19 23 Histological grade | 1 535 (0.047-1603) | 0.121
b 1.000 o 1vs.2/3
Never | 27(25) 1 16 g:;‘,’;;'f te N“ﬁ'f/?_rz%ade 1210(0.933-1569) | 0.152
smoking Ever | 82(73) » i Tumorstage | 4 5g1(1214-2058) | 0.001
p 0.657 1/2vs.3/4
Low | 7771 37 40 :‘;;"‘/’; 3 1.281(1.078-1524) | 0.005
Alcohol High | 32(29) 3 19 Nodal metastases | 3.009 (1.559-5.807) | 0.001
P = 0531 Recurrence status | 11.436 (5.226-25.026) | <0.0001
H1 70 (64 29 41 ivari
Histological grade w5 | 3906 ) 8 g"n“a'lt)'/‘s’?s”ate Recurrence status | 11.436 (5.26-25.026) | < 0.0001
p 0.234
N1 59 (34) 24 3> significant (p = 0.253) (Figure 1a). Consistent findings
Nuclear grade N2/3 | 50(46) 26 24 were obtained in Cox regression analyses, where VDR
p 0.254 expression failed to emerge as an independent predictor
Sl 5(5) 4 1 of survival.
Sl 26 (24) 10 16 When survival was evaluated using a 24-month land-
Tumor stage Sl 59 (54) 29 30 mark analysis, the difference reached borderline statistical
SV 19 (17) 7 12 significance (p = 0.050) (Figure 1b). Stratification accord-
p 0.284 ing to tumor stage or nodal status revealed no significant
12 31(28) 14 17 survival differences between expression groups. However,
Tumor stage 1/2 3/4 78 (72) 36 ) among patients with recurrent disease, elevated VDR ex-
vs. 3/4 0 1.000 pression showed a borderline association with poorer
- 46 (42) % : 2% survival (p = 0.051), whereas no such relationship was
- 25 23) 1 I observed in patients without recurrence (Figure 2).
_ Overall, VDR expression showed no significant associa-
Tumor size T3 28 (26) 13 15 . . .. . ..
tion with clinicopathological characteristics or long-term
™ 100) 3 4 survival. Nevertheless, the borderline findings observed
P 0-540 in landmark and recurrence-stratified analyses suggest a
Turmor size 1/2 vs. 12 71(65) 34 37 potential role in early disease dynamics.
3/4 3/4 38(35) 16 22
p 0.687
N- 39(36) 17 22 DISCUSSION
Nodal metastases N+ 70 (64) 33 37
P 0.841 The present study demonstrated that VDR gene expression
No 46 (42) 22 24 is not significantly associated with key clinicopathologi-
Recurrence Yes 63 (58) 28 35 cal parameters or overall survival in patients with HPV-
P 0.846 negative OSCC. Although patients with higher VDR

expression showed a trend toward shorter survival, the
difference did not reach statistical significance, suggesting
that VDR expression alone has limited prognostic value
in this cohort. However, borderline significance observed
in the 24-month cutoff analysis and among patients with
recurrent disease suggests a time-dependent prognostic
effect of VDR expression in OSCC, where VDR-related
mechanisms may influence early disease dynamics rather
than long-term survival and clinical outcomes. Specifically,
VDR expression may influence early disease progression,
potentially affecting initial tumor behavior and antitu-
mor immune responses, treatment sensitivity, or early
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Figure 1. Kaplan-Meier survival curves with log-rank test according to dichotomized vitamin D
receptor (VDR) gene expression (high vs. low) in the HPV-negative oral squamous cell carcinoma

cohort: (a) overall survival; (b) two-year overall survival
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Figure 2. Kaplan-Meier survival curves according to dichotomized vitamin D receptor (VDR)
gene expression (high vs. low) stratified by recurrence status in the HPV-negative OSCC cohort:

(a) patients without recurrence; (b) patients with recurrence

recurrence dynamics. Although no significant survival
differences were observed after stratification by tumor
stage or nodal status, elevated VDR expression showed
a borderline association with poorer survival in patients
with recurrent disease, but not in those without recurrence.
These findings suggest that VDR-related mechanisms may
be more relevant in biologically aggressive or therapy-resis-
tant tumors than in relation to anatomical disease extent,
highlighting the complex and context-dependent role of
VDR signaling in tumor biology [9, 18, 19, 20].
Biologically, this observation is plausible given the
multifunctional role of the VDR in cancer biology. VDR
signaling has been associated with antiproliferative, prodif-
ferentiation, anti-inflammatory, and immunomodulatory
effects in multiple malignancies, including head and neck
cancers [25]. Experimental studies suggest that activa-
tion of the vitamin D,/VDR axis may inhibit tumor cell
proliferation, reduce epithelial-mesenchymal transition,
modulate cytokine production, and influence antitumor
immune responses [14]. Nevertheless, the consequences
of VDR signaling appear to depend on tumor context,
disease stage, and interactions within the tumor micro-
environment. Although vitamin D/VDR signaling is gen-
erally considered protective, higher VDR expression in
the present cohort was associated with a trend toward
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of limited statistical power.
Another possible explanation is
that VDR expression may be more
relevant during the early stages of
disease progression, reflecting tumor differentiation or ini-
tial biological behavior. As the disease advances, stronger
drivers of tumor progression may predominate, diminish-
ing the long-term prognostic impact of VDR expression.
This may explain why the borderline association observed
in the 24-month landmark analysis was not maintained
throughout follow-up. The stronger association observed
in patients with recurrent disease further suggests a poten-
tial role for VDR-related pathways in recurrence biology
or treatment resistance. A critical aspect in interpreting
these results is the distinction between quantitative gene
expression and functional receptor activity. Importantly,
VDR mRNA expression does not necessarily reflect func-
tional receptor activity, which may be influenced by post-
transcriptional regulation, altered receptor function, im-
paired interactions with co-regulatory proteins, such as
retinoid X receptor, insufficient availability of its ligand,
calcitriol, or dysregulated vitamin D metabolism [11, 12].
Consequently, increased VDR expression may represent
compensatory or dysfunctional signaling rather than an
indicator of effective tumor suppression [26]. This phe-
nomenon, often referred to as “non-functional expression,”
may partly explain the absence of an expected correlation
between VDR levels and clinical outcomes [20]. Further
studies incorporating functional analyses and larger
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cohorts are needed to clarify the biological and clinical
significance of VDR signaling in OSCC.

Furthermore, the role of VDR in OSCC appears to be
dynamic and stage-dependent. Previous studies [16, 17]
have demonstrated a characteristic pattern in which VDR
expression is increased in premalignant lesions and sub-
sequently reduced in invasive carcinomas. This observa-
tion can be interpreted within the framework of clonal
selection, whereby tumor cells that become less dependent
on vitamin D-mediated growth regulation gain a selec-
tive advantage during disease progression. Given that the
majority of tumors in the present cohort were at advanced
stages (III-IV), it is plausible that VDR signaling was al-
ready functionally diminished, thereby limiting its impact
on tumor behavior and patient prognosis. In such settings,
VDR may no longer act as a regulator of proliferation and
differentiation but instead reflect a residual or epiphenom-
enal feature of tumor evolution [20].

Another important consideration is that VDR operates
within a broader vitamin D signaling axis, which includes
key metabolic enzymes such as CYP27B1 and CYP24Al.
While CYP27B1 is responsible for the activation of vitamin
D, CYP24A1 mediates its degradation [27]. Overexpression
of CYP24Al, frequently reported in aggressive tumors, may
lead to reduced local concentrations of active vitamin D,
effectively attenuating VDR signaling regardless of receptor
expression levels [21]. This suggests that evaluating VDR
expression alone may be insufficient and that a more com-
prehensive assessment of the vitamin D pathway, including
key metabolic enzymes, may be necessary to fully capture
the biological significance of vitamin D signaling in OSCC.

The tumor microenvironment represents an additional
layer of regulation that may significantly influence VDR
expression and function. Inflammatory cytokines, oxida-
tive stress, and immune cell infiltration are known to mod-
ulate both VDR expression and vitamin D metabolism,
while VDR signaling itself regulates cytokine production
and immune responses. Notably, tumor and immune cells
can locally synthesize or degrade vitamin D metabolites,
establishing autocrine and paracrine signaling loops in-
dependent of systemic vitamin D levels [28]. This local-
ized regulation may help explain the lack of correlation
between VDR expression and clinicopathological param-
eters observed in this study, as key regulatory processes
occur within the tumor microenvironment and may not
be captured by measurements of gene expression in bulk
tumor cells [20, 28]. Given the known immunomodulatory
effects of vitamin D signaling, it is also plausible that VDR
activity influences immune dynamics within the tumor
microenvironment in a manner not detectable through
isolated mRNA quantification alone.

Epigenetic mechanisms further contribute to the com-
plexity of VDR regulation. Promoter methylation, histone
modifications, and microRNA-mediated repression can all
influence VDR expression and activity. These processes
may result in discordance between mRNA levels and func-
tional protein activity, thereby limiting the interpretability
of transcription-based analyses [29]. In addition, altera-
tions in chromatin accessibility may impair VDR binding
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to vitamin D response elements, further reducing its tran-
scriptional efficacy [12]. Consequently, the lack of prog-
nostic significance observed in this study may reflect un-
derlying epigenetic dysregulation rather than the absence
of biological relevance [26, 29]. Such mechanisms may
be particularly relevant in HPV-negative OSCC, which is
characterized by substantial molecular heterogeneity and
genomic instability.

The exclusive inclusion of HPV-negative tumors in this
study represents both a strength and a limitation. HPV-
negative OSCC is characterized by greater genomic in-
stability, a higher mutational burden, and frequent activa-
tion of oncogenic pathways such as Ras and PI3K/Akt [8].
Importantly, activation of these pathways has been shown
to interfere with VDR-mediated transcriptional responses,
thereby diminishing the biological effects of vitamin D sig-
naling [7, 22]. This may provide an additional explanation
for the lack of association between VDR expression and clin-
ical outcomes in the present cohort, as dominant oncogenic
drivers may override the regulatory influence of VDR. At
the same time, restriction to HPV-negative tumors reduced
biological heterogeneity associated with viral oncogenesis
and enabled a more homogeneous evaluation of VDR ex-
pression within this clinically aggressive OSCC subgroup.

Despite the absence of significant findings, the pres-
ent study provides important insights into the limitations
of single-marker approaches in cancer prognostication.
Future studies should therefore focus on integrative models
incorporating multiple biomarkers, including CYP24A1,
CYP27B1, and immune checkpoint molecules such as
PD-1/PD-L1, in order to better capture the biological het-
erogeneity of OSCC [30]. The present findings also sup-
port the need for time-dependent survival analyses and
functional studies evaluating not only receptor expression
but also downstream signaling activity and tumor-specific
vitamin D metabolism.

Several limitations of this study should be acknowl-
edged. The sample size, although adequate for exploratory
analysis, may limit the statistical power to detect subtle
associations. Additionally, the analysis was restricted to
mRNA expression levels without assessment of protein
expression or receptor functionality. The lack of data on
serum vitamin D levels and the absence of evaluation of
key metabolic enzymes further constrain the interpretation
of the results. Moreover, the number of survival events
and the predominance of advanced-stage tumors may have
influenced the ability to detect weaker prognostic effects.
Future research should adopt a multidimensional approach
combining transcriptomic, proteomic, and epigenetic
analyses, as well as longitudinal monitoring of molecular
changes during disease progression.

CONCLUSION

While VDR gene expression does not appear to have inde-
pendent prognostic value in HPV-negative OSCC when as-
sessed at the mRNA level, its role in tumor biology remains

significant within a broader regulatory framework. The
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findings underscore the complexity of vitamin D signaling
in cancer and highlight the need for integrative approaches
to fully elucidate its clinical relevance. Although the over-
all survival analysis did not demonstrate statistical signifi-
cance, the observed borderline significance in the analysis
at the 24-month time point suggests that VDR-related
mechanisms may still contribute to early disease dynam-
ics in OSCC. A deeper understanding of these mechanisms
may ultimately contribute to the development of personal-
ized therapeutic strategies and the identification of novel
molecular targets in the management of oral cancer.
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Ekcnpecuja reHa 3a peuentop sutamuHa D Koa HPV-HeraTMBHUX OpanHUX
KapuMHOMA — OFpaHMYEHN NPOTrHOCTUUKM 3HAYA] Y OKBUPY C/I0XKEHE MONIEKYNapHe

mpexe

Hematba MBkosuh', lebopa Muwnh', AnekcaHgpa MetkoBuh-hypunh'?, Pyxuua Kosomapa??, Cawa Josuh??,

loppaHa Lynuh'2

'BojHOMeAMLUMHCKa akageMuja, VIHCTUTYT 3a MeaMLMHCKa UCTpaxiBatba, beorpag, Cpbuja;
2YHnBep3uTeT oabpaHe, BojHomeanUmMHCcKa akagemuja, MegnumHckm Gakyntet, beorpag, Cpbuja;
*BojHOMeaMLMHCKa akageMuja, KniHyka 3a Makcunodaumjanny xupyprujy, beorpag, Cpbuja

CAXETAK

Yeoa/Unsm Peuentop ButamuHa D (VDR) yuecTByje y peryna-
upju henujcke nponudepaumje, fudepeHumjaLyje, anonTose 1
MIMYHCKOT OArOBOpa 1 NpefcTaBiba NoTeHLjanHy 6uomapkep
y oHKkonoruju. Linmb oBe cTyauje 6o je fa ce ncnmta ekcnpecyja
reHa VDR y opanHom ckBamovenynapHom KapuuHomy (OSCC),
arpecriBHOM MaIMrHATETY Ca HEMOBOJbHUM VCXOA0M, MOCEOHO
Kop HPV-HeraTmBHMX Tymopa.

Metope Excnpecuja VDR mRNA aHanu3mpaHa je metogom RT-
gPCRy Tymopckum y3opuuma 109 6onecHuka ca HPV-HeraTuis-
HM OSCC, a penaTriBHa eKcnpecuja n3pauyHata je mpuMeHoOM
meToge 224, MoBe3aHOCT Ca K/IMHUYKOMATOOLWKIM Napame-
TpUMa npoLietbeHa je X’ Tectom 1 GULepOBIM er3akTHUM Te-
CTOM, [IOK je MpexVBIbaBatbe aHanun3vnpaHo KannaHn-Majeposom
MeToAO0M 1 KOKCOBOM perpecMoHOM aHanr3oMm.

Pe3yntatu Huje yTBpheHa cTaTMCTUYKM 3HauajHa MOBE3aHOCT
ekcnpecuje VDR ca KNMHNYKOMNATONOWKNM KapakTepucTkama.

DOI: https://doi.org/10.2298/SARH260804079I

Wako cy 6onecHuum ca HUCKOM ekcnpecrjom VDR umanu ayxe
YKYMHO MPeXuB/baBatbe y OAHOCY Ha GONECHNKe ca BUCOKOM
eKCnpecnjom, pasnmka Huje JOCTUMIA CTaTUCTUYKY 3HaYajHOCT
(p = 0,253). [paHMUHe CTaTUCTMUKE 3HAYajHOCTU YyOUEeHe Cy Y
aHanu3un paHor NpexuB/baBarba Ca NPecekoM Ha 24 meceua
(p =0,050), Kao 1 Kop bonecHrKa ca peLngnuBom Tymopa (p =
0,051). Ekcnpecuja VDR Huje npepcTaB/bana He3aBmcaH npo-
FHOCTUYKM paKTop.

3akmyuak Exkcnpecuja reHa VDR y TKMBY OpaniHyX KapLMHOMa
cama no cebu nokasarna je orpaHNyeH NPOrHOCTUNYKN 3Hauaj
kop HPV-HeratneHux OSCC. Minak, youeHe rpaH/yHe BPeAHOCTM
CTaTUCTUYKE 3HaYajHOCTW Y aHaM3U paHor MpexunBIbaBatba 1
npexuB/baBatba 60NeCHNKa ca peLyarBoOM TyMopa yKasyjy
Ha moryhy ynory VDR y nporpecuju 601ecTu Koja 3aBrUcu of
KOHTEKCTa, LUTO 3axTeBa fasba NCTPaXKMBatba.

KrbyuHe peun: opanHu KapLuMHOM; peLienTop BuTaMuHa D;
eKcnpecuja reHa
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Left atrial appendage occlusion devices —a
contemporary approach to stroke prevention with a
presentation of results in Serbia from 2014 to 2025

Milan A. Nedeljkovi¢
Serbian Medical Society, Belgrade, Serbia

SUMMARY

Introduction/Objective Atrial fibrillation is the most common sustained cardiac arrhythmia and one
of the most significant independent risk factors for ischemic stroke and systemic thromboembolism.
In patients with non-valvular atrial fibrillation, the left atrial appendage (LAA) is the predominant site
of intracardiac thrombus formation. This has led to the development of mechanical elimination of the
thrombogenic substrate, i.e., percutaneous LAA occlusion (LAAO), as an alternative to long-term oral
anticoagulant therapy in patients with contraindications to anticoagulation.

Methods The first LAAO device in Serbia was implanted on April 24, 2014, at BASICS+8, University Clinical
Center of Serbia, by Prof. Dr. Milan A. Nedeljkovi¢ and Prof. Dr. Branko Beleslin. LAAO device implantation
is currently performed at four centers: University Clinical Center of Serbia, Dedinje Institute for Cardiovas-
cular Diseases, Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica, and BeZanijska kosa
University Clinical Center. Before LAAO implantation, either transesophageal echocardiography (TEE) or
computed tomography is performed to determine the morphology of the LAA and confirm the absence
of thrombus, which represents a contraindication to the procedure. The intervention is performed via
femoral venous access under short-term analgosedation or general anesthesia, depending on the prac-
tice of the center, with fluoroscopic guidance and TEE monitoring. The key step is transseptal puncture
to gain access to the left atrium. TEE guidance is used to ensure precise puncture of the inferoposterior
portion of the interatrial septum and facilitate positioning of the delivery system at the LAA ostium.
Results Between 2014 and 2025, a total of 30 LAAO devices were implanted at four centers in Serbia.
With support from the Republic Health Insurance Fund, two devices were implanted at University Clinical
Center of Serbia in 2014, followed by one additional device in 2015. No data on the use of this method
in angiography suites in Serbia were available for the period from 2016 to 2022. In 2023, a total of six
devices were implanted (four at Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica
and two at Dedinje Institute for Cardiovascular Diseases). In 2024, a total of 10 devices were implanted
(six at Institute for Cardiovascular Diseases of Vojvodina — Sremska Kamenica, one at Dedinje Institute
for Cardiovascular Diseases, and three at Bezanijska kosa University Clinical Center). In 2025, a total of
11 devices were implanted (five at Dedinje Institute for Cardiovascular Diseases and six at the Institute
for Cardiovascular Diseases of Vojvodina — Sremska Kamenica).

Conclusion The use of percutaneous LAAO in Serbia demonstrates gradual development, from the
initial sporadic application of the method at a single center to its expansion to multiple tertiary cardiol-
ogy centers. Further development of LAAO in Serbia should be accompanied by the establishment of a
national registry and standardized data collection.

Keywords: atrial fibrillation; left atrial appendage; percutaneous left atrial appendage occlusion; oral
anticoagulant therapy; direct oral anticoagulant therapy; stroke

INTRODUCTION Oral anticoagulation, initially with vitamin K

antagonists and subsequently with direct oral

Atrial fibrillation (AF) is the most common
sustained cardiac arrhythmia and one of the
most significant independent risk factors for
ischemic stroke and systemic thromboembo-
lism. Thromboembolic complications of AF are
associated with substantial morbidity, mortality,
and long-term disability, making stroke preven-
tion one of the primary goals of treatment in
patients with AE In patients with non-valvular
AF, the left atrial appendage (LAA) is the pre-
dominant site of intracardiac thrombus forma-
tion. This recognition has led to the develop-
ment of the concept of mechanical elimination
of the thrombogenic substrate, namely percuta-
neous LAA occlusion (LAAQO), as an alternative
to long-term oral anticoagulant therapy (OAC).

anticoagulants (DOACs), represents the cor-
nerstone of thromboembolic event prevention
in patients with AE. Although effective, long-
term anticoagulation carries a risk of bleeding,
may be challenging in patients with previous
hemorrhagic events or other contraindica-
tions, and represents a significant treatment
burden for some patients. These limitations
have prompted the development of interven-
tional approaches aimed at providing adequate
thromboembolic protection while reducing the
long-term risk of bleeding. The development of
LAAO devices began with the demonstration of
the feasibility and efficacy of this strategy com-
pared with warfarin. Early randomized trials,
particularly PROTECT AF [1, 2] and PREVAIL
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Table 1. Left atrial appendage occluders in Serbia, 2014-2025, according to available data from the Working Group for Interventional Cardiology
of the Cardiology Society of Serbia, BASICS+ (Belgrade Summit of Interventional Cardiology, Cardiovascular Therapy and Imaging)

Year InstituFe fo'r Cardiovascular Disez}ses University CIiniFaI De.dinje Institut'e for Beianijs'kz? kosa University Total
of Vojvodina — Sremska Kamenica Centre of Serbia Cardiovascular Diseases Clinical Center

2014 N/A 2% N/A N/A 2
2015 N/A 1* N/A N/A 1
2016 N/A N/A N/A N/A 0
2017 N/A N/A N/A N/A 0
2018 N/A N/A N/A N/A 0
2019 N/A N/A N/A N/A 0
2020 N/A N/A N/A N/A 0
2021 N/A N/A N/A N/A 0
2022 N/A N/A N/A N/A 0
2023 4x* N/A 2%* N/A 6
2024 6** N/A 1%* 3% 10
2025 6** N/A 5** N/A 1
Total 16 3 8 3 30

*Procedure funded by the Republic Health Insurance Fund;
**Procedures performed using occluders procured through hospital tenders

[3], provided the basis for the acceptance of LAAO as a
potential alternative to oral anticoagulation. At the same
time, experience from the initial studies highlighted the
importance of procedural risk and led to the development
of new generations of devices, with the aim of achieving
better adaptation to the diverse anatomical characteristics
of the LAA, more complete sealing, and a reduction in
complications. With the advent of direct oral anticoagu-
lants (DOAC:s), the context in which the role of LAAO is
evaluated has also changed. PRAGUE-17 [4] represented
an important milestone, as LAAO was directly compared
with DOAC therapy in patients at high thromboembolic
and bleeding risk. Furthermore, studies such as Amulet
IDE [5] and PINNACLE FLX [6] enabled comparisons
between different devices and assessment of the safety and
efficacy of contemporary generations of occluders. The lat-
est data from large randomized trials, including OPTION
[7] and CHAMPION-AF [8], have further expanded the
potential indications for LAAQ, while the results of the
CLOSURE-AF study [9] simultaneously indicate that this
strategy cannot be considered a universal replacement for
contemporary medical therapy. While international land-
mark trials continuously expand the clinical landscape and
indications for LAAQ, evaluating how these guidelines
translate into real-world practice within smaller, resource-
constrained healthcare systems remains essential.

Thus, the development of LAAO represents an example
of the continuous evolution of interventional therapy — from
the initial proof of concept and comparison with warfarin,
through improvements in procedural safety and the devel-
opment of new devices, to direct comparisons with contem-
porary anticoagulant therapy. Understanding the results of
key randomized trials is essential for appropriately defining
the role of LAAO in contemporary stroke prevention in pa-
tients with AE The aim of this paper is to present, through a
review and critical analysis of the most important random-
ized clinical trials, the evolution of evidence regarding the
efficacy and safety of LAAO, the development of the devices
themselves, their comparison with OAC, and the current

‘ DOI: https://doi.org/10.2298/SARH260915078N

role of LAAO in the strategy for preventing thromboembolic
complications in patients with non-valvular AF, as well as
the results of LAAO implantation in catheterization labo-
ratories in Serbia from 2014 to 2025.

METHODS

In Serbia, the first LAAO device was implanted on April
24,2014, using the BASICS+8 device at University Clinical
Center of Serbia by Prof. Dr. Milan A. Nedeljkovi¢ and
Prof. Dr. Branko Beleslin (Table 1) [10]. LAAO device
implantation is currently performed at four centers: the
University Clinical Center of Serbia, Dedinje Institute
for Cardiovascular Diseases, Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica and Bezanijska
kosa University Clinical Center. Prior to the decision to
implant an LAAO device, either transesophageal echocar-
diography (TEE) or computed tomography (CT) is per-
formed to determine the morphology of the LAA (chicken
wing, broccoli, windsock, or cactus morphology) and to
confirm the absence of thrombus within the appendage,
as the presence of thrombus represents a contraindication
to the procedure. The size of the occluder is determined
based on the measurements obtained, primarily the depth
of the appendage and the diameter of the appendage os-
tium, which are assessed by TEE in multiple views (0°,
45°,90°, and 135°), as well as by CT image reconstruction.

The procedure is performed via femoral venous access
under short-term conscious sedation or general anesthe-
sia, depending on the center’s practice, with fluoroscopic
guidance and TEE monitoring. The key step is transseptal
puncture to gain access to the LAA. This is performed
under TEE guidance to ensure precise puncture of the
inferoposterior portion of the interatrial septum and fa-
cilitate advancement of the delivery system toward the ap-
pendage ostium. After reconfirming the dimensions of the
appendage by TEE, an appropriately sized occluder is se-
lected and positioned within the LAA. Following occluder
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11:28:39 am In 2024, a total of 10 occluders were im-
planted (six at the Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica,
one at Dedinje Institute for Cardiovascular
Diseases, and three at Bezanijska kosa
University Clinical Center).

In 2025, a total of 11 occluders were
implanted (five at Dedinje Institute for
Cardiovascular Diseases and six at the
Institute for Cardiovascular Diseases of
Vojvodina — Sremska Kamenica).
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Figure 1. The first Watchman™ occluder (Watchman, Boston, MA, USA) implanted in

a catheterization laboratory in Serbia on April 24, 2014

implantation and before its definitive release, several key
parameters are assessed, including appropriate device posi-
tion and size, as determined by the degree of compression,
device stability, and the absence of peri-device leak.

Potential periprocedural complications include pericar-
dial effusion, occluder embolization, and procedure-related
stroke [11, 12].

In catheterization laboratories in Serbia, the Watchman™
(Figure 1) and Watchman FLX™ occluders (Watchman,
Boston, MA, USA) and the Amplatzer™ AMULET™ oc-
cluder (Abbott Laboratories, Abbott Park, IL, USA) have
been used.

Ethics: This study was conducted in accordance with the
ethical standards of the institutional ethics committee.

RESULTS

Between 2014 and 2025, a total of 30 LAA occluders were
implanted at four centers in Serbia. In 2014, with the sup-
port of the Republic Health Insurance Fund, two occluders
were implanted at University Clinical Center of Serbia. The
Republic Health Insurance Fund covered one additional
procedure in 2015, which was also performed at University
Clinical Center of Serbia.

Between 2016 and 2022, no data on the use of this
method in catheterization laboratories in Serbia are
available according to the data published by the Working
Group for Interventional Cardiology of the Cardiology
Society of Serbia in the Belgrade Summit of Interventional
Cardiology, Cardiovascular Therapy and Imaging
(BASICS+) program.

In 2023, a total of six procedures were performed (four
at the Institute for Cardiovascular Diseases of Vojvodina
- Sremska Kamenica and two at Dedinje Institute for
Cardiovascular Diseases) according to the available data
from the Working Group for Interventional Cardiology of
the Cardiology Society of Serbia.
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The results of this analysis indicate a gradual
development of the percutaneous LAAO
program in Serbia, with a particularly pro-
nounced increase in the number of proce-
dures during the last three years of the study
period. According to the available data, a total
of 30 LAA occluders were implanted at four centers in
Serbia between 2014 and 2025. Following the initial pro-
cedures performed in 2014 and 2015 [10], the number of
interventions increased substantially from 2023 onward,
with six procedures recorded that year, while the highest
number, a total of 11 was recorded in 2025. This trend
indicates the gradual expansion of the use of this method
in Serbia [13, 14].

The first procedures were recorded in 2014, when two
occluders were implanted at the University Clinical Center
of Serbia with financial support from the Republic Health
Insurance Fund, followed by one additional procedure in
2015. This period marked the beginning of LAAO im-
plementation in Serbia, at a time when the method was
already the subject of intensive clinical investigation and
development. LAAO was developed with the aim of reduc-
ing the risk of thromboembolic events in selected patients
with AFE particularly when long-term OAC is unsuitable
or associated with an unacceptable risk. Current European
guidelines recognize LAAO as part of stroke prevention
strategies in carefully selected patients, with an individual-
ized assessment of its potential benefits and risks [15, 16].

In the study by Pison et al. [17], published in 2015,
LAAO was still described as a relatively new and insuf-
ficiently widespread procedure. Most European centers
performing the procedure had carried out < 30 interven-
tions throughout 2014, with the most common indication
being a high thromboembolic risk in the presence of a
contraindication to OAC.

The distribution of procedures across centers indicates
that the use of LAAO in Serbia is concentrated in several
tertiary cardiology institutions. In 2023, four procedures
were performed at the Institute for Cardiovascular Diseases
of Vojvodina - Sremska Kamenica and two at Dedinje
Institute for Cardiovascular Diseases. In 2024, six proce-
dures were performed at the Institute for Cardiovascular
Diseases of Vojvodina — Sremska Kamenica, one at
Dedinje Institute for Cardiovascular Diseases, and three
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at Bezanijska kosa University Clinical Center. In 2025,
five procedures were performed at Dedinje Institute for
Cardiovascular Diseases and six procedures were per-
formed at the Institute for Cardiovascular Diseases of
Vojvodina — Sremska Kamenica. Such concentration may
be expected during the early development of a new in-
terventional technique, as it facilitates the accumulation
of experience, establishment of multidisciplinary teams,
and concentration of technical and diagnostic resources.
European data also indicate substantial variation in proce-
dural volume between centers, with some centers perform-
ing very few interventions annually.

In an international consensus practical guide, Potpara
et al. [18] emphasized that the contemporary development
of LAAO has been associated with improvements in pro-
cedural safety and its increasingly frequent use in patients
with AF for whom long-term anticoagulation is not an
appropriate option.

The stark contrast between the expanding indications
for LAAO in international guidelines and the modest
real-world volume of 30 cases over more than a decade in
Serbia highlights significant structural hurdles. The com-
plete absence of recorded procedures between 2016 and
2022 reflects a temporary nationwide standstill of the pro-
gram, primarily driven by strict economic constraints, in-
consistent reimbursement pathways by the National Health
Insurance Fund, and logistical issues with hospital tenders,
rather than a lack of operator expertise.

This long-term stagnation emphasizes that transitioning
from a sporadic, center-specific approach to a structured
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national registry is a mandatory next step. Establishing
such a framework will be vital to provide the standard-
ized clinical data necessary to justify broader and more
consistent financial coverage for this stroke-prevention
strategy in the future.

CONCLUSION

The use of percutaneous LAAO in Serbia has demonstrated
gradual development, from the initial sporadic application
of the technique at a single center to its expansion to sev-
eral tertiary cardiology centers. The first procedures, de-
scribed in the study by Nedeljkovi¢ and colleagues, marked
the beginning of the implementation of this method in
Serbia, while available data from the period 2023-2025 in-
dicate an increase in the number of procedures and expan-
sion of the LAAO program to multiple centers. This trend
is consistent with the development of LAAO in Europe
and its increasingly important role in the prevention of
thromboembolic events in carefully selected patients with
AF for whom long-term OAC is not an appropriate option.
Further development of LAAO in Serbia should be ac-
companied by the establishment of a national registry and
standardized data collection, enabling assessment of proce-
dural availability and quality, comparison of outcomes be-
tween centers, and appropriate positioning of LAAO within
contemporary treatment strategies for patients with AE.
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OKknyaepu aypuKyne nese npeTkomope — caBpeMeHu NPUCTYN Y NpeBeHLujU
MO AAHOT yAapa ca npuKa3om pesyntata y Cpbuju 2014-2025

MwunaH A. Hegemkosuh
Cpncko nekapcko apyLwTso, beorpag, Cpbuja

CAMETAK

YBoa/Lnm AtprjanHa prnbpunauuja npefcraBba Hajuewwhy
TpajHy CpuaHy apuTMUjy 11 jeAaH Of Haj3HauajHUjX He3aBUCHMNX
daKTopa pu3MKa 3a HaCTaHakK MCXEMIJCKOT MOXKAaHOT yAapa
U cuctemcke Tpomboembonuje. Kog 6onecHuka ca HeBansy-
NapHOM aTpujanHom drbpunalmnjom, ayprkyna nese NnpeTko-
mope (LAA) npeAcTaB/ba AOMMHAHTHO MECTO HacTaHKa MHTpa-
KapaujanHor Tpomba. OBO je 4OBENO [0 pa3Boja MeXaHUUKe
envMrHaLuje TpoMboreHor cyncTpaTa, OAHOCHO NepKyTaHe
oknysuje LAA (LAAO) kao anTepHaTrBe AyroTpajHoj opanHoj
aHTVKOarynaHTHOj Tepanuju Kop 60onecHrKa Ko Kojux nocToju
KOHTpanHAMKaLWja 3a tbeHy NPYMeHYy.

Metopge Y Cpbuju je npeu ypehaj 3a LAAO yrpaheH 24. anpuvna
2014. rognHe Ha BASICS+8 y YH/BEP3UTETCKOM KIVHWNYKOM LieH-
Tpy Cpbuje, a npoueaypy cy nssenn npod. ap Munax A. Hegern-
KoBwh 1 npo¢. ap bpaHko benecnuH. VimnnaHTaumja oknyaepa
06aB/ba ce y YeTupy LeHTpa: YHUBEP3UTETCKOM KITMHNYKOM
ueHTpy Cpbuje, MHCTUTYTY 3a KapAmnoBacKynapHe 6onectu
LHennme’, UHCTUTYTy 3a KaparnoBacKynapHe 6onectu Bojso-
anHe — Cpemcka KameHunua 1 YHUBEP3UTETCKOM KINHNYKOM
LeHTpy ,bexaHujcka Koca” Mpe goHoLera oasyKe o 13Boheky
LAAO pape ce TpaHcesodareanHa exokapanorpaduja (TEE) nnu
KoMMjyTepri3oBaHa ToMorpaduja Kako 6v ce yTBpano 065mK
NeBe aypuKyne 1 NOTBPAUIO0 OACYCTBO Tpomba y aypukynu,
€ 063VPOM Ha To ia MPUCYCTBO TPoMba npefcTaB/ba KOHTPa-
UHAMKauwjy 3a n3soherbe came npouegype. iHTepseHUuja ce
13BOAM NPUCTYNOM MpeKo dpeMopasiHe BeHe, Y KpaTKOTPajHOj
aHanrocefaLyj1 UV OMLUTOj aHeCTe3ujy, y 3aBYCHOCTU Of NpaK-
Ce LieHTpa, y3 dnyopockonujy 1 nog KoHTponom TEE. OCHOBHM
Kopak npeAcTaBsba TpaHCCenTaHa nyHKLmMja, Kojom ce MPUCTY-
na nesoj aypukynu. OHa ce n3Boau nog KoHTponom TEE kako
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6v1 ce omoryhuna npewLusHa NyHKLUmja MHGeponocTepropHor
CenTyMa v ONaKLUano ycMepaBatbe CiCTeMa 3a MCMopyynBabe
Ka ynasy y aypuKyJy.

Pesynrtatm Vi3mehy 2014. 1 2025. roanHe yKyNHO je MMMAaH-
TpaHo 30 oknygepa 3a LAA y yetupm LeHTpa y Cpbuju. 3a-
xBasbyjyhu Peny6nnukom doHIy 3a 34paBCTBEHO OCUTYpatbe,
2014. rogyHe cy y YHUBEP3UTETCKOM KNMHNYKOM LieHTpy Cpbuje
yrpaheHa fiBa oknygepa, a 2015. roguHe jow jenaH. Mamehy
2016.1 2022. rogrHe Hema AOCTYMHYIX MOAaTaka o MPYMeH OBe
MeTofe y aHrmorpadpckmum canama y Cp6uju. logrHe 2023. 13-
Be/IeHO je YKYMHO LIeCT MMnaaHTauuja (4etupm y MHcTuTyTy 3a
KapanoBackynapHe 6onect BojsoguHe — Cpemcka KameHuua
1 aBe y MIHCTUTYTY 3a KaparoBackynapHe 6onectu, [legume”).
loavHe 2024. yrpaheHo je ykynHo 10 oknygepa (wect y UH-
CTUTYTY 3a KapAnoBacKynapHe 6onectu BojsoanHe — Cpemcka
KameHnua, jepaH y IHCTUTY Ty 3a KapanoBackynapHe 6onectu
+deantbe” nTpn y YHMBEP3UTETCKOM KNMHUYKOM LieHTPY , bexa-
Hujcka koca”). loprHe 2025. yrpaheHo je ykynHo 11 oknyaepa
(neT y iHcTuTy Ty 33 KapanoBackynapHe 6onectu, Jenume” n
wect y MIHCTUTYTY 3a KapAnoBackynapHe 6onecty BojsoanHe
- Cpemcka KameHuua).

3akrbyuak lMprmeHa nepkytaHe LAAO y Cpbuju nokasyje mo-
CTeneH pa3Boj Of UHMLWjANIHE, CNOPaANYHe NMPYMEHe MeToae Y
jenHOM LIeHTPY A0 HEHOT LWMPetba Ha BuLLe TepLmnjapHUX Kap-
AMnonoLwKux LeHTapa. larmbu pa3soj LAAO y Cpbuju Tpebano
6v pa 6yne npaheH Gopmrparem HauVOHaNHOT perucTpa u
CTaHAapAU30BaHUM NPUKYN/bakbeM NoAaTtaka.

KmbyuHe peun: atpujanta pubpurnaumja; ayprkyna nese npet-
KOMOpe; MepKyTaHa OKJy3uja aypuKyne nese NpeTKoMope;
OpaJiHa aHTUKoarynaHTHa Tepanuja; AMpPeKTHa OpasiHa aHTu-
KoarynaHTHa Tepanuja; MOXAaHu yaap
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Outcome of COVID-19 infection in patients
with kidney transplant in the first two years of
the pandemic — our experience with the use of
tocilizumab and monoclonal anti-SARS-CoV-2
antibodies

Lada Petrovi¢', Igor Miti¢', Milica Popovi¢?, Dejan Celi¢?, Tatjana Ili¢2, Gordana Majstorovic
Strazmester?, Vladimir Burovi¢?, Nikola Glogonjac?, Slobodan Sajinovi¢?, Sinisa Zivkovi¢?

'University of Novi Sad, Faculty of Medicine, University Clinical Center of Vojvodina, Center for
Transplantation of Organs, Cells and Tissues, Novi Sad, Serbia;

2University of Novi Sad, Faculty of Medicine, University Clinical Center of Vojvodina, Clinic of Nephrology
and Clinical Immunology, Novi Sad, Serbia

SUMMARY

Introduction/Objective Kidney transplant recipients were at higher risk for COVID-19-associated compli-
cations and mortality. The goal was to examine the frequency and outcomes of COVID-19 infection among
patients under our center’s control, as well as the effects of tocilizumab and anti-SARS-CoV-2 antibodies.
Methods We analyzed a cohort of 220 kidney transplant patients monitored at our center that experi-
enced COVID-19 infection between March 2020 and March 2022.

Results During the two-year-long period, 55 patients contracted COVID-19 (25%). The average age of
the infected was 48.38 years. In 24% of patients during COVID-19 infection the immunosuppressive
therapy did not change. Because of pneumonia development, 33% of patients have been hospitalized.
Of all infected patients, tocilizumab was used in 7% of patients, of whom three died. Anti-SARS-CoV-2
monoclonal antibodies were used in 24% of patients, no fatalities were reported. Antiviral medication
(favipiravir) was used in 4% of patients, in one case fatal. Continuous renal replacement therapy / hemodi-
alysis was applied in 5.5% of patients. Out of all infected, 14.5% of patients had a fatal outcome. The cause
of death was severe acute respiratory syndrome (50%), cardiac arrest (25%), or multiorgan failure (25%).
Conclusions The therapeutic use of monoclonal antibodies was reliable, with a significant positive effect
on achieving a milder clinical form and shorter duration of the disease. The main risk factors for adverse
outcomes of COVID-19 infection in kidney transplant recipients were serious comorbidities and late
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INTRODUCTION

The coronavirus disease 2019 (COVID-19)
pandemic caused by the highly contagious se-
vere acute respiratory syndrome coronavirus
2 (SARS-CoV-2) had led to unprecedented
challenges for healthcare systems worldwide.
The pandemic rapidly spread worldwide after
the first reported case of COVID-19 in Wuhan,
China, in late December 2019, prompting the
World Health Organization to declare it a
global pandemic on 11 March 2020. Since the
initial phase, substantial progress in clinical
research had led to a better understanding of
SARS-CoV-2, and multiple medical therapies
to treat the disease emerged [1, 2, 3].

Kidney transplant recipients (KTRs) re-
mained at higher risk for COVID-19-associated
complications and mortality. Compared with
matched nontransplant patients, KTRs experi-
ence a doubling of risk of COVID-19-related
death, especially when considering age, body
mass index, and other major comorbidities.

Therefore, the identification of early interven-
tions that can halt the progression from mild
or moderate to severe COVID-19 is especially
important in this vulnerable population [4, 5].

KTRs were vulnerable to infections due to
their ongoing immunosuppressive therapy,
impaired vaccine response, presence of other
comorbidities, and, in some cases, impaired
kidney-graft function. Identifying modifiable
risk factors that increased the susceptibility to
severe COVID-19 could help target prevention
and treatment strategies, thus improving future
outcomes in this population [2].

Age and comorbidities are known risk factors
associated with COVID-19 severity and higher
mortality in the general population and among
solid organ transplant (SOT) recipients [6, 7].

Numerous therapeutic interventions
have been tested to control the spread of the
COVID-19 infection. However, to this date,
no specific agent had been found that guaran-
tees safe and effective control of COVID-19.
Monoclonal antibodies (mAbs) such as
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casirivimab, imdevimab, bamlanivimab, etesevimab,
sotrovimab, and tocilizumab have gotten emergency use
authorization for patients infected with COVID-19. These
mADs targeted the proteins of SARS-CoV-2 that helped
the virus bind to human cells. Additionally, some of them
also reduced the action of cytokines, thereby minimizing
the inflammatory reactions considered to be responsible
for COVID-19 complications [8-13].

Bamlanivimab and casirivimab-imdevimab prevented
viral entry into host cells by blocking the binding of the
spike protein to the cell surface angiotensin-converting
enzyme 2 receptor. These drugs, combined with immu-
nosuppression reduction for outpatient treatment of mild
to moderate COVID-19 in KTRs, were safe and had good
outcomes [4]. Tocilizumab represented a valuable thera-
peutic option for managing COVID-19 complications, par-
ticularly in patients at risk of cytokine storm syndrome.
The mechanism of action of tocilizumab involves binding
to interleukin-6 receptors, inhibiting pro-inflammatory
responses in a variety of cells, including lymphocytes,
monocytes, fibroblasts, and B-cells [10-19].

Modifications of the immunosuppressive regimen were
a part of the therapeutic prescription in SOT recipients who
developed COVID-19 infection. These include suspending
antimetabolites and/or reducing calcineurin inhibitor dos-
ing in asymptomatic patients and patients not requiring
hospitalization. In COVID-19 infected patients needing
low-flow oxygen, a dose reduction of the metabolite and/
or reduction of calcineurin inhibitors or mTOR inhibi-
tor levels might be necessary. In more severe cases, some
centers applied a more significant immunosuppression
reduction strategy, with temporary discontinuation of all
immunosuppressive drugs, except steroids. This strategy
needed to be balanced with a potential increased risk for the
development of acute rejection and/or graft loss. However,
other experts proposed continuation of calcineurin inhibi-
tors (particularly cyclosporine) during advanced disease to
control the inflammatory phase. In any case, the complex
management of immunosuppression during the course of
infection should have been discussed in a multidisciplinary
approach by transplant physicians, intensive care unit doc-
tors, and transplant infectious diseases specialists [14].

The goal of this study was to examine the frequency
and outcome of the COVID-19 infection within patients
controlled at our center, as well as the effect of tocilizumab
and anti-SARS-CoV-2 antibodies.

METHODS

We performed a retrospective, single-center study of adult
kidney transplant (KT) recipients with a positive reverse-
transcriptase polymerase chain reaction (RT-PCR) test for
SARS-CoV-2 or positive SARS-CoV-2 antigen test, from
March 1, 2020, to February 28, 2022, at the University
Clinical Center of Vojvodina. Informed consent was ob-
tained in accordance with the Declaration of Helsinki
Ethical Principles for Medical Research Involving Human
Subjects.
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At the time of data collection, 220 KT recipients were
followed up at our center. All had a functional KT. We de-
fined adult KT recipients with PCR- or AG-test confirmed
SARS-CoV-2 infection. SARS-CoV-2 RT-PCR testing was
performed on nasopharyngeal swab samples. ELISA mea-
sured IgM and IgG antibodies for SARS-CoV-2 receptor
binding domain spike.

Demographic and clinical data, including transplant
characteristics, comorbidities, immunosuppressive therapy,
intensive care unit admission, treatment with mAbs/antivi-
rals, acute kidney injury (AKI), renal replacement therapy
(RRT), and all-cause mortality rates were registered. All
cases were followed up for at least 60 days after diagnosis.

All data were collected from the patients and their med-
ical records during the treatment of COVID-19 infection
and subsequent treatment.

The specific COVID-19 treatment depended on the
timing of the pandemic; a protocol according to the na-
tional guide for treatment was applied and was further-
more changed during the pandemic [20].

Statistical analyses were conducted using RStudio
2025.05.0+496 “Mariposa Orchid” Release. The nor-
mality of continuous variables was assessed using the
Kolmogorov-Smirnov test. Continuous variables are re-
ported as mean * standard deviation (SD), and as a median
with interquartile range (IQR; Q1-Q3); range is provided
for all continuous variables. Continuous variables were
compared between independent groups using the Student’s
t-test or Wilcoxon rank-sum test, as appropriate, while
categorical variables were compared using the x* test or
Fisher’s exact test, as appropriate. All statistical tests were
two-tailed, and an o level of 0.05 was set as the significance
threshold. No imputation was performed for missing data.

RESULTS

Out of 220 KTRs that are under our supervision at the
University Clinical Center of Vojvodina, in the first two
years of the COVID-19 pandemic, 55 (25%) patients had
been infected with COVID-19. In the first year, 23 patients
were infected, while in the second year, 32 patients were
infected.

Baseline characteristics of KTRs with COVID-19 infec-
tion are shown in Table 1. The average age of those infected
was 48.38 years old (the youngest being 26 years old, the
oldest 71 years old), with the greatest percentage ranging
from 41 to 65 years old (60%), followed by the age group
ranging from 26 to 40 years old (27%), ending with the
age group of patients over 65 years old (13%) (Figure 1).

A total of 53% of those infected received a transplant
from a living-related donor, and 47% from a deceased do-
nor. The average time from KT to COVID-19 infection was
8.13 years; 40% of patients were infected in the first five
years after KT (Tables 1 and 2; Figure 2); 67% were male.

All patients were on triple immunosuppressive therapy
(calcineurin inhibitor, antimetabolite, corticosteroid). In
24% of the patients who had lighter clinical manifestations
of the infection and were treated in home conditions, during
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Table 1. Baseline characteristics of kidney transplant recipients

with COVID-19 (n = 55) 2
Characteristic n =55 (100%) - o %
Age (years) H
Mean + SD 484+126 fou ;
Median: [Q1-Q3] Median: 47 [39-58] H
Range: Min-Max Range: 26-71 o0t L
Age group, n (%)
26-40 yrs 15 (27%) e Y
41-65yrs 33 (60%)
> 65yrs 7 (13%) Figure 1. Age of kidney transplant recipients with COVID-19 infection
Time from transplant to COVID-19 (years)
Mean + SD 8.1+57 ao% pre
Median: [Q1-Q3] Median: 7 [3-13] o
Range: Min-Max Range: 1-24 o
Creatinine before COVID-19 o 25%
(nmol/L) n=>3 2% 22%
Mean + SD 1449 +54.6 o
Median: [Q1-Q3] Median: 122 [105-179] o —
Range: Min-Max Range: 90-300 1?:: I
Creatinine after COVID-19 (umol/L) n=47 0%
Mean + SD 138.7 +58.9 1-5y 6-10y 11-15y >15y
Median: [Q1-Q3] Median: 114 [100-156] ears
Range: Min-Max Range: 88-330 . ] ] . .
Antimetabolite, n (%) Figure 2. Time between kidney transplant and COVID-19 infection
MMF 47 (85%)
Everolimus 6 (1 1%) bamlanivimab l [VALUE] (1.8%)
Azathioprine 2 (3.6%)

o o a favipiravir [VALUE] (3.6%)
Calcineurin inhibitor, n (%) O

Tacrolimus 48 (89%) tocilizumab [ (vawe) (7.3%)

Cyclosporine A 6 (11%)

Antimetabolite discontinued, n (%) 37 (67%) Casiivimab-imdevima | S (vALUE] (21.5%)

Hypertension, n (%) 34 (62%) o speciic therapy R ¢
Diabetes mellitus, n (%) 8 (15%)

Cardiomyopathy, n (%) 7 (13%) ! : 1 ;Zmbwi? pd“mf: oo
Systemic lupus erythematosus, n (%) 5(9.1%)

!_ate rgferral / respiratory 2 (3.6%)

insufficiency, n (%) Figure 3. Specific Antiviral Therapeutic Protocols in all patients
Hospital admission, n (%) 16 (29%)

;?Rr];‘:';ﬁg;%e&e)nt therapy 4(7.3%) All survivors (n = 47)
Casirivimab-imdevimab, n (%) 12 (22%) pemilais

Bamlanivimab, n (%) 1(1.8%) -
Tocilizumab, n (%) 4 (7.3%) ¢
Favipiravir, n (%) 2 (3.6%) o < .

Lethal outcome, n (%) 8 (15%) =) ® *

CRRT/HD - continuous renal replacement therapy / hemodialysis §

T.c,' %
'% 200 K

the COVID-19 infection, immunosuppressive therapy was 5 ol o

not changed; in 67% of all patients, antimetabolite therapy ° W
was excluded (mycophenolate mofetil/mycophenolate so- o |

dium/azathioprine), the corticosteroid dose was increased, — —

calcineurin inhibitor dose was decreased by 25-50%. 100 ﬂ” o

Considering specific antiviral therapeutic protocol out s —_—

of the total number of those infected (55), 36 (65.5%) did
not receive tocilizumab, an anti-SARS-CoV-2 monoclo- Figure 4. Kidney transplant function before and after COVID-19 in all
nal antibody or antiviral treatment; anti-SARS-CoV-2 ~ *“"!"9 idney transplant recipients

monoclonal antibody (bamlanivimab or casirivimab-

imdevimab) was used in 13 (23.6%) patients, from whom

only two had been hospitalized with pneumonia, and in
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Table 2. Comparison of survivors and deceased patients

Characteristic Overall Survived Deceased o
n=>55 n=47 n=8

Age (years) <0.001

Mean + SD 484+126 46+11.9 626+54

Median: [Q1-Q3] Median: 47 [39-58] Median: 46 [38-53] Median: 64.5 [59.5-66.5]

Age group, n (%) 0.019

26-40 yrs 15 (27%) 15 (32%) 0(0)

41-65 yrs 33 (60%) 28 (60%) 5 (63%)

> 65 yrs 7 (13%) 4 (8.5%) 3 (38%)

Time from transplant to COVID-19 (years) 0.464

Mean + SD 8.1+57 78+54 9.8+7.2

Median: [Q1-Q3] Median: 7 [3-13] Median: 7 [3-12] Median: 9 [3-14.5]

Creatinine before COVID-19 (umol/L) 0.102

Mean £+ SD 144.9 + 54.6 140.6 + 54.1 170.1 £ 54.4

Median: [Q1-Q3] Median: 122 [105-179] | Median: 119 [105-163] | Median: 166 [128.5-219]

Antimetabolite-before COVID-19, n (%) 0.690

MMF 47 (85%) 39 (83%) 8 (100%)

Everolimus 6 (11%) 6 (13%) 0(0)

Azathioprine 2 (3.6%) 2 (4.3%) 0(0)

Calcineurin inhibitor-before COVID-19, n (%) 0.213

Tacrolimus 48 (89%) 42 (91%) 6 (75%)

Cyclosporine A 6 (11%) 4 (8.7%) 2 (25%)

Antimetabolite discontinued, n (%) 37 (67%) 31 (66%) 6 (75%) >0.999

Hypertension, n (%) 34 (62%) 26 (55%) 8 (100%) 0.018

Diabetes mellitus, n (%) 8 (15%) 6 (13%) 2 (25%) 0.329

Cardiomyopathy, n (%) 7 (13%) 2 (4.3%) 5(63%) <0.001

Systemic lupus erythematosus, n (%) 5(9.1%) 4 (8.5%) 1(13%) 0.559

Late referral / respiratory insufficiency, n (%) 2 (3.6%) 0(0) 2 (25%) 0.019

Hospital admission, n (%) 16 (29%) 8 (17%) 8 (100%) <0.001

Renal replacement therapy (CRRT/HD), n (%) 4(7.3%) 1(2.1%) 3 (38%) 0.008

Casirivimab-imdevimab, n (%) 12 (22%) 12 (26%) 0(0) 0.178

Bamlanivimab, n (%) 1(1.8%) 1(2.1%) 0(0) > 0.999

Tocilizumab, n (%) 4(7.3%) 1(2.1%) 3(38%) 0.008

Favipiravir, n (%) 2 (3.6%) 1(2.1%) 1(13%) 0.272

CRRT/HD - continuous renal replacement therapy / hemodialysis
"Wilcoxon rank sum test; Fisher’s exact test

this group of patients, there were no fatal outcomes; to-
cilizumab was used with four (7.3%) patients treated at
the hospital (in which three of the cases ended up fatal).
Antiviral (favipiravir) was used with two (3.6%) patients,
where in one case, there was a fatal outcome (Figure 3).

The average value of serum creatinine before the pa-
tients had been infected with COVID-19 was 144 umol/],
min: 90 umol/l, max: 300 pmol/l. Three hospitalized pa-
tients (5.5% of those infected) experienced significant de-
terioration of transplanted kidney function, and therefore,
they received renal function replacement therapy. All three
of the patients developed multi-organ dysfunction syn-
drome and had passed away. The rest of the patients did
not develop a significant decrease in graft function during
the course of the illness, nor did they develop a month after
the negative COVID-19 PCR test. The average serum cre-
atinine after overcoming COVID-19 infection (n = 47) was
138.7 pmol/l (min: 88 pmol/l, max: 330 umol/l) (Figure 4).

All of the patients were put back on immunosuppressive
therapy after their inflammatory parameters and number
of lymphocytes stabilized.
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Out of all the ill (n = 55), fatal outcome occurred in
eight (14.5%) patients, that is, when considering all of the
patients being monitored after a KT (220), a fatal outcome
caused by COVID-19 infection during the first two years
of the pandemic was 3.6% (Table 2). All of the deceased
patients were hospitalized at the time of their death.
Regarding specific therapy one patient received favipira-
vir; three patients received tocilizumab; four patients did
not receive tocilizumab/anti-SARS-CoV-2 mAb/antiviral;
three patients received RRT. No deaths occurred among
the patients who received casirivimab-imdevimab (n = 12)
or bamlanivimab (n = 1). There is a statistically significant
difference in survival between patients who received anti-
SARS-CoV-2 mAb and patients who received tocilizumab
(p < 0.05). The average age of patients who had a fatal
outcome is 62.5 years old (p < 0.05), 75% of whom were
male patients. Every patient with a fatal outcome received
a cadaveric renal transplant.

The cause of death was severe acute respiratory syn-
drome in four patients (50%), multiorgan dysfunction
syndrome in two patients (25%). All of the patients with
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Figure 5. Comorbidities stratified by clinical outcome

fatal outcomes had serious comorbidities (congestive heart
failure, diabetes mellitus, liver insufficiency, systemic lupus
erythematosus). In two of the fatal outcomes, besides the
comorbidity, the factor of late presentation to the hospital
(more than seven days after disease beginning) without
timely exclusion of antimetabolites and inclusion of the
right therapy also took effect. Therefore, patients were
hospitalized with well-developed massive pneumonia and
signs of severe global respiratory insufficiency (Figure 5).

Statistically significant difference for death in patients
with cardiomyopathy, hypertension, and late referral was
confirmed compared to patients without these character-
istics, p < 0.05 (Table 2).

DISCUSSION

In our study, we monitored 220 KTRs with a function-
ing graft between March 1, 2020, when the first patient
in Serbia was diagnosed with COVID-19, and March 1,
2022. Out of all monitored KTRs, 55 (25%) were infected
with COVID-19. The average age of those infected was
48.38 years old, 47% of patients received a deceased do-
nor graft, 67% were male, and the average time period
between the transplant and the infection of COVID-19
was 8.13 years. It was similar to a nationwide observational
study of Swedish authors [2].

In our study, all of the patients were on triple immu-
nosuppressive therapy, while 61% of patients in the group
of Swedish authors were treated with three immunosup-
pressants as maintenance therapy [2]. Like most transplant
centers, we modified immunosuppression in KTRs with
COVID-19 infection; in 76% of the patients, the antime-
tabolite was excluded immediately upon COVID-19 diag-
nosis, the dose of corticosteroids was increased, while the
calcineurin inhibitor dose was decreased by 20-25% [4].

The number of hospitalized patients in the Swedish
study was 6.7% of all that have been monitored, which was
less when compared to the results of our study: 18 patients
(8.2%) (5.5% of patients in the first year, 2.7% of patients
in the second year). In comparison to the group monitored
by Swedish authors, the difference could be explained by
better application of methods to reduce viral transmis-
sion, and thus the occurrence of infection. In our study;,

‘ DOI: https://doi.org/10.2298/SARH26060907 1P
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the most common group of infected patients was within
a period of 1-5 years after transplantation (40%), which
could be explained by the fact that the highest dosage of
immunosuppressants was being used [2].

Swedish authors did not confirm a significant effect of
comorbidities as independent risk factors, besides heart
failure, but they confirmed a significant effect of diabe-
tes mellitus as a primary diagnosis, as well as the effect
of severe arterial hypertension. In our study, primarily
congestive heart insufficiency, diabetes mellitus, systemic
lupus erythematosus and liver insufficiency had a signifi-
cant effect of comorbidities on the unfortunate outcome
of the disease [2].

In our study, as well as in other studies, we found that
bamlanivimab or casirivimab-imdevimab combined with
immunosuppression reduction for outpatient treatment of
mild to moderate COVID-19 infection in KTRs was safe
and associated with good outcomes. Only two of the 13
patients treated with mAbs required hospitalization for
COVID-19 because they developed pneumonia. Similar
data was obtained from a study by Wang et al. [4], whose
results showed a positive effect of mAbs use with the need
for hospitalization in only four out of 27 patients treated
with mAbs, without fatal outcome [5, 6, 7, 16].

In a systematic review and meta-analysis by Gatti et
al. [21], the clinical outcome of COVID-19 infection in
SOT recipients compared to generalized population was
tested. However, in some studies, SOT recipients affected
by COVID-19 showed a higher risk of mortality compared
with the general population, especially with the presence of
comorbidities (i.e., hypertension, diabetes mellitus, cardio-
vascular disease, chronic obstructive pulmonary disease,
and chronic kidney disease) combined with old age. In
our study, all of the patients who had a fatal outcome had
some of the severe comorbidities (hypertension, diabetes
mellitus, cardiovascular disease, congestive heart failure,
systemic lupus erythematosus) [21].

Danziger-Isakov et al. [14] found that the mortality
ranged from 9 to 46%, with most in the 18-30% range
depending on the cohort and circumstance, when analyz-
ing the impact of COVID-19 infection in SOT recipients.
They also stated that many studies addressed risk factors
for mortality with age, underlying cardiovascular or lung
disease [14]. In our study, the mortality rate was 3.6% of
all monitored KTRs, but all monitored were only KTRs.

In a French study, which included the first two months
of the pandemic, it stated a high percentage of patients
who developed AKI (45.8%), while using RRT in 13.2%
of the cases [22, 23]. In our study, AKI developed in 5.5%
of those ill, and all of them were on RRT. As in our study,
factors combined with mortality were age (over 60 years
old), male gender, arterial hypertension, cardiovascular
diseases, and diabetes mellitus. However, in the said study,
it had not been proven that KTRs are an independent fac-
tor combined with mortality [22, 23].

COVID-19 associated AKI is common, and has been
associated with a higher mortality rate and was an indepen-
dent risk factor for all-cause in-hospital death in COVID-19
patients. Mortality rate of 14.5% (of all COVID-19 infected
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KTRs) in our study was similar to the one in Tavares et al.
[24] (20%). Age and comorbidities were known risk factors
associated with COVID-19 severity and higher mortality
in the general population, as well as among SOT recipi-
ents. SOT recipients were predominantly 50 or older and
had several comorbidities, including diabetes, hyperten-
sion, cardiovascular disease, chronic kidney disease, and
obesity, which were associated with worse outcomes after
COVID-19. Comorbidities rather than immunosuppression
intensity were the main risk factors for impaired outcome
in a large cohort [6, 7, 22, 25].

CONCLUSION

Firstly, a fortunate course of the disease was achieved by
timely arrival at the institution of tertiary care that con-
trols kidney transplant patients, with a modification of
immunosuppressive therapy, and applying all therapeutic
procedures in connection with the COVID-19 infection.
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Secondly, therapeutic usage of bamlanivimab or ca-
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achieving mild and shorter courses of the disease, which
allowed returning to the usual dosage of immunosuppres-
sive therapy in a shorter amount of time.

The main risk factor for an unfavorable outcome of the
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was presence of severe comorbidities and late presentation
at the transplant center without timely modification of the
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therapeutic protocols.

Finally, the results obtained offer a critical review for
improving the management of KTRs for any future pan-
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Ethics: Before the start of the study, approval was granted
by the Ethics Committee of the University Clinical Center
of Vojvodina, Novi Sad, Serbia (Number: 00-50/2).

Conflict of interest: None declared.

12.  Dickov |, Bulatovic¢ S, Petrovi¢ D, Anti¢-Trifunovic K, Krsman A.
Positive outcome of a twin pregnancy after the administration of
tocilizumab to a pregnant woman with severe COVID-19. Srp Arh
Celok Lek. 2024;152(7-8):391-6. [DOI: 10.2298/SARH230901048D]

13.  Luki¢-Sarkanovi¢ M, Vico-Katani¢ N, Jerkovi¢ M, Joksi¢-Mazinjanin
R, Terzi¢ N, Zdravkovic R. Effect of convalescent plasma in the
treatment of severe acute respiratory distress syndrome caused
by COVID-19 infection. Srp Arh Celok Lek. 2024;152(5-6):238-43.
[DOI: 10.2298/SARH240225041L]

14. Danziger-Isakov L, Blumberg EA, Manuel O, Sester M. Impact of
COVID-19 in solid organ transplant recipients. Am J Transplant.
2021;21(3):925-37.[DOI: 10.1111/ajt.16449] [PMID: 33319449]

15.  Mouffak S, Shubbar Q, Saleh E, EI-Awady R. Recent advances
in management of COVID-19: a review. Biomed Pharmacother.
2021;143:112107.[DOI: 10.1016/j.biopha.2021.112107]

[PMID: 34488083]

16. Sarrell BA, Bloch K; El Chediak A, et al. Monoclonal antibody
treatment for COVID-19 in solid organ transplant recipients.
Transpl Infect Dis. 2022;24(1):e13759.

[DOI: 10.1111/tid.13759] [PMID: 34787345]

17.  Oliveira AA, Freire DPB, Andrade AR, Marques AM, Madeira LS,
Senna JPM, et al. The Landscape of Neutralizing Monoclonal
Antibodies (nAbs) for Treatment and Prevention of COVID-19.J
Pharm Innov. 2023;18:1194-212.

[DOI: 10.1007/512247-023-09713-w] Epub ahead of print.
[PMID: 36843665]

18. Yu SY, Choi M, Cheong C, Ryoo S, Huh K, Yoon YK, et al. Clinical
efficacy and safety of SARS-CoV-2-neutralizing monoclonal
antibody in patients with COVID-19: A living systematic review
and meta-analysis. J Microbiol Immunol Infect. 2023;56(5):909-20.
[DOI: 10.1016/j.jmii.2023.07.009] [PMID: 37598054]

19. Focosi D, McConnell S, Casadevall A, Cappello E, Valdiserra G,
Tuccori M. Monoclonal antibody therapies against SARS-CoV-2.
Lancet Infect Dis. 2022;22(11):e311-e326.

[DOI: 10.1016/S1473-3099(22)00311-5] Erratum in: Lancet Infect
Dis. 2022;22(9):€239. [DOI: 10.1016/51473-3099(22)00468-6]
[PMID: 35803289]

20. Ministry of Health of the Republic of Serbia. National protocol for
the treatment of COVID-19, version XIlI [Internet]. [cited 2025].
Available from: https://www.dzsvenac.rs/sluzbeno/images/
dokumenta/covid/Terapijski-protokol-covid-19_122021_verzija13.
pdf.

21.  Gatti M, Rinaldi M, Bussini L, Bonazzetti C, Pascale R, Pasquini Z, et
al. Clinical outcome in solid organ transplant recipients affected
by COVID-19 compared to general population: a systematic
review and meta-analysis. Clin Microbiol Infect. 2022;28(8):1057-
65.[DOI: 10.1016/j.cmi.2022.02.039] [PMID: 35289294]

www.srpskiarhiv.rs ‘



474

22. Caillard S, Chavarot N, Francois H, Matignon M, Greze C, Kamar

N, et al. Is COVID-19 infection more severe in kidney transplant
recipients? Am J Transplant. 2021;21(3):1295-303.
[DOI: 10.1111/ajt.16424] [PMID: 33259686]

23.  Chavarot N, Gueguen J, Bonnet G, Jdidou M, Trimaille A, Burger

C, et al. COVID-19 severity in kidney transplant recipients is
similar to nontransplant patients with similar comorbidities. Am J
Transplant. 2021;21(3):1285-94. [DOI: 10.1111/ajt.16416]

[PMID: 33252201]

Petrovic L. et al.

24. Tavares J, Oliveira JP, Reis P, Ribeiro B, Silva F, Malheiro J, et al.
COVID-19 in kidney transplant recipients: what have we learned
one year later? A cohort study from a tertiary center. Braz J
Nephrol. (J Bras Nefrol.) 2022;44(4):533-42.
[DOI: 10.1590/2175-8239-JBN-2021-0257en] [PMID: 35788618]

25.  Fang FC, Benson CA, Del Rio C, Edwards KM, Fowler VG, Fredricks
DN, et al. COVID-19 - lessons learned and questions remaining.
Clin Infect Dis. 2021;72(12):2225-40. [DOI: 10.1093/cid/ciaa1654]
[PMID: 33104186]

Ucxop nHdekuumje koBnaom 19 Kog 6onecHnKa ca TpaHCNAAHTUPAHUM Bybperom
y NpBe ABe rognHe NaHAeMuje — Halla UCKYCTBA ca OCBPTOM Ha NPUMEHY
TouMAM3ymaba n MOHOKNOHCKUX anti-SARS-CoV-2 aHTuTena

Napa Metposuh’, Virop Mutuh', Munuua Monosuh?, ejan henuh?, TatjaHa nuh? lopgaHa MajctopoBuh Crpaxmelutep?,

Bnagumup Hyposuh?, Hukona Morowau?, CnoboaaH LLajuHosuh?, Cuhinwa Xunekosuh?
'"YHueep3uteT y HoBom Cagy, MegnumHckmn GpakynTet, YHUBEP3UTETCKN KNMHNYKN LieHTap BojBoayHe, LieHTap 3a TpaHcnnaHTawujy oprana,

henuja n TknBa, Hosu Cag, Cpbuja;

?Ynusep3utet y Hosom Cagy, MegnumHcku Gpakyntet, YHUBEP3UTETCKN KNMHUYKIA LieHTap Bojsogute, KnuHuka 3a Hedponorujy 1 KnmHNYKy

umyHonorujy, Hosn Cag, Cpbuja

CAXKETAK

YBog/Lum MHdekumja KoBugom 19 kop 6onecHmKa ca TpaHc-
nnaHTUpaHum 6ybperom 6mna je nosesaHa ca Behm pusnkom
of KomnnvKaumja n moptanuteta. Lumbs papa 6uo je fa ce ncnu-
Ta YYecTanocT U ncxop nHdeKumje KoBuaom 19 kog 6onecHrka
KOHTPONIMCaHUX Y HalLeM LieHTPY, Kao 1 edekat Touunrymada
1 anti-SARS-CoV-2 MOHOKNOHCKUX aHTuTena (MAT).

MeTtoge Op ykynHo 220 6onecHuKa ca TpaHCMAaHTUPaHUM
6y6perom, ncnutany cMo 55 6oNecHrKa Koju cy obonenu of
KoBuaa 19 y npBe fBe rognHe naHgemuje.

Pe3syntatu Op ykynHor 6poja KOHTponvcaHux 6onecHuka, y
npBe ABe roAviHe naHgemuje 55 (25%) bonecHrka oboneno
je op koBupaa 19. MpoceyHa cTapocTt obonenmx buna je 48,38
rognHa. imyHocynpecmBHa Tepanuja Huje MerwaHa Kog 24%
6onecHuKa. 360r pa3Boja NHeymoHuje 33% 6onecHuka 6uno je
xocnuTanusoBaHo. Of yKynHor 6poja o6onenux, Toumnnsymao
je npumereH Kop 7% 6onecHUKa, 04 Kojux Cy TpU NPeMUHyna.
Anti-SARS-CoV-2 MAT nprimetbeHa cy Kog, 24% 60necHUKa, npu

DOI: https://doi.org/10.2298/SARH26060907 1P

yemy Huje 610 CMPTHYX NCXOAA. AHTUBMPYCHM Nek (daBunu-
paBuvp) NpUMerEeH je Kog 4% 6onecHuKa, a y jeHOM ciyyajy
HacTynuo je CMpPTHU ncxof. KoHTMHYMpaHa Tepanuja 3ameHe
6ybpexHe GpyHKUMje/xemoaujanvza npumerbeHa je Kog 5,5%
6onecHuKa. Of yKynHor 6poja obonenux og kosuga 19, cMpT-
HW 1cxop HacTynmo je Kop 14,5%, a y3pok cMpTu 610 je Texak
aKyTHY pecnmpaTtopHu cHapom (50%), cpuaHu 3acToj (25%)
WM MyNTMOPraHcKa cnabocrt (25%).

3akmyuak [pumeHa MAT 6u1na je noy3gaHa, ca 3HauyajHUM no-
3UTVBHMM €EKTOM Ha NOCTM3akbe Baxer KNMHUYKOT TOKa U
Kpaher Tpajarba 6onectt. MaBHM GpakTopm pr3nKa 3a HENOBOIb-
He ncxope nHdekLyje KoBnaom 19 Koa Nprmanala TpaHcniaH-
TnpaHor 6ybpera 61 cy 0361bHU KOMOPOUANTETY 1 KacHO
jaBrbarbe y LieHTap 3a TpaHCNNaHTaLUmjy y y3HanpenoBanoj dasu
6onectu.

KmbyuHe peun: TpaHcnnaHTauuja 6ybpera; uHdekLyja KoBraom
19; anti-SARS-CoV-2 aHTuTena
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SUMMARY

Introduction/Objective The objective was to evaluate inflammatory composite indicators and clinical
features as prognostic factors and develop a predictive model for glioma malignancy grade.

Methods A retrospective analysis of 107 patients with glioma who underwent surgical resection was
conducted. Clinical data, including age, sex, body mass index, Karnofsky Performance Status, tumor
characteristics and complete blood count parameters, were collected preoperatively and postoperatively.
Cox proportional hazards regression was performed to identify independent prognostic factors for
progression-free survival (PFS). The receiver operating characteristic curve analysis was used to evaluate
the diagnostic performance of inflammatory markers in predicting high-grade glioma.

Results The cohort included 107 patients (mean age: 54.3 + 13.5 years, 53.3% men). High-grade gliomas
(World Health Organization grade IV) accounted for 55.1% of cases. Perioperative neutrophil counts in-
creased significantly, whereas lymphocyte counts remained stable. In multivariate Cox analysis, younger
age (hazard ratio 0.93, 95% confidence interval: 0.89-0.98, p = 0.009) was independently associated with
improved PFS. The receiver operating characteristic analysis demonstrated that age (area under the curve
[AUC] = 0.632, p =0.019) and preoperative neutrophil-to-lymphocyte ratio (NLR) (AUC = 0.606, p = 0.058)
showed potential in predicting high-grade glioma. Spearman correlation analysis revealed a significant
negative correlation between Karnofsky Performance Status and NLR.

Conclusions Age represents an independent prognostic factor for PFS in patients with glioma. Preop-
erative inflammatory markers, particularly NLR, combined with clinical parameters such as age, show

promise in predicting glioma malignancy grade.

Keywords: glioma; neutrophils; prognosis; inflammation

INTRODUCTION

Gliomas are the most common primary ma-
lignant brain tumors in adults, accounting for
approximately 75% of all malignant central
nervous system neoplasms [1]. Glioblastoma
(GBM) (World Health Organization [WHO]
grade IV) is the most aggressive subtype, with
median overall survival (OS) of only 12-15
months despite surgery, radiotherapy, and te-
mozolomide [2]. Reliable prognostic biomark-
ers are urgently needed.

Traditional prognostic factors include age,
Karnofsky Performance Status (KPS), extent
of resection (EOR) and molecular markers
(e.g. isocitrate dehydrogenase [IDH] muta-
tion, O6-methylguanine-DNA methyltrans-
ferase [MGMT] promoter methylation) [3, 4].
However, they often require complex testing or
subjective assessment.

Inflammation is a cancer hallmark [5]. In
gliomas, the tumor microenvironment involves
complex interactions between tumor cells and
inflammatory infiltrates, including neutrophils
and lymphocytes [6]. The neutrophil-to-lym-
phocyte ratio (NLR), calculated as absolute

neutrophil count divided by absolute lympho-
cyte count, reflects the balance between protu-
mor inflammation and antitumor immunity.

Multiple studies demonstrate NLR’s prognos-
tic value in glioma. Chung et al. [7] reported that
elevated NLR (= 5) following the standard Stupp
protocol was associated with worse OS in GBM,
suggesting that dynamic NLR changes may track
recurrence. A meta-analysis by Yang et al. [8]
confirmed that elevated NLR predicted worse
OS in GBM (hazard ratio [HR] = 1.63, 95%
confidence interval [CI]: 1.23-2.15, p = 0.0007).
Higher NLR also correlates with increased tu-
mor grade [7].

Perioperative stress and treatments alter pe-
ripheral blood counts. Han et al. [9] found that
pretreatment NLR was associated with neutro-
phil and T-cell infiltration and predicted clini-
cal outcomes in GBM. The EOR remains a key
modifiable factor: gross total resection (GTR)
improves survival compared with subtotal re-
section (STR) or biopsy [10, 11].

Functional status, measured by KPS (0-100),
is another crucial determinant. Postoperative
KPS has superior predictive value over preoper-
ative KPS [12]. Recent research has emphasized
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the importance of maintaining KPS > 50%, which allows
patients to live at home and maintain personal care activi-
ties, as a key quality-of-life endpoint [13].

Despite NLR’s established value, significant gaps remain:
perioperative inflammatory dynamics are poorly character-
ized, the relationship between systemic inflammation and
KPS has not been systematically explored and the integrated
utility of inflammatory markers for preoperative grade pre-
diction is uncertain. Addressing these gaps could improve
preoperative risk stratification and treatment planning.

This study aimed to evaluate the prognostic significance
of inflammatory composite indicators and clinical features
for progression-free survival (PFS); to analyze periopera-
tive changes in inflammatory markers; to develop a predic-
tive model distinguishing high- from low-grade gliomas
using pre-treatment parameters; to explore correlations
between inflammatory markers and clinical features to
better understand systemic inflammation in glioma.

METHODS
Study design and patient population

This retrospective study included consecutive patients
who underwent surgical resection for histologically con-
firmed glioma at a tertiary center (from January 2017 until
December 2025). The institutional ethics committee ap-
proved the protocol; informed consent was waived.

The inclusion criteria included age > 18 years, histo-
pathologically confirmed glioma (WHO classification),
complete blood count data within seven days preoperative-
ly and postoperatively and complete clinical and follow-up
data. The exclusion criteria included prior brain surgery/
radiotherapy, active infection/inflammatory disease at sur-
gery, the use of immunosuppressants or corticosteroids
(> 8 mg/day dexamethasone equivalent) for > 7 days pre-
operatively, hematologic disorders and incomplete data.

Data collection and variable definition

Clinical data from electronic medical records included age,
sex, body mass index (BMI) (kg/m?), smoking status and
preoperative KPS (assessed within 24 hours; scale 0-100,
> 80 = normal activity with minor symptoms, < 70 = re-
quires assistance). Additional variables included neurologi-
cal symptoms, symptom duration and antiepileptic use.

Tumor characteristics on preoperative magnetic res-
onance imaging (MRI) included maximum diameter
(contrast-enhanced T1 or T2-FLAIR), location (lobe,
hemisphere), eloquent area involvement (motor/sensory/
language/visual cortex, deep grey matter), multifocality
and contrast enhancement. Histopathology, as per WHO
specification, was low-grade (II), intermediate (III) and
high-grade (IV).

Surgical variables included EOR - GTR (2 95% removal
on postoperative MRI within 48 hours) or STR (75-94%
removal) — determined via volumetric analysis (three-
dimensional reconstruction).

‘ DOI: https://doi.org/10.2298/SARH260311072W
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Laboratory parameters (within seven days pre/postop-
eratively) included absolute neutrophil, lymphocyte and
monocyte counts (x 10°/L); platelet count (x 10°/L); NLR;
and platelet/lymphocyte ratio (PLR).

Treatment and follow-up

Treatment included maximal safe resection guided by
neuronavigation and neurophysiological monitoring.
Postoperative treatment was performed by a multidisci-
plinary board, including adjuvant radiotherapy (60 Gy/30
fractions for high grade, 50.4-54 Gy for intermediate
grade) and chemotherapy (temozolomide or other).

The follow-up was every three months for two years,
then every six months, and included clinical examination,
KPS and MRI. Disease progression was defined in accor-
dance with Response Assessment in Neuro-Oncology cri-
teria. Progression-free survival was defined as time from
surgery to progression or death; OS was defined as time
from surgery to death or last follow-up.

Statistical analysis

Continuous variables were expressed as mean + standard
deviation (SD) or median with interquartile range (IQR)
based on normality (Shapiro-Wilk test). Categorical vari-
ables were expressed as frequencies/percentages. A paired
t-test or Wilcoxon’s signed-rank test was used to compare
preoperative and postoperative blood parameters. An in-
dependent t-test or the Mann-Whitney U test was used
for two-group comparisons; a x* test or Fisher’s exact test
was used for categorical variables.

Univariate Cox proportional hazards regression identi-
tied potential prognostic factors for PFS. Variables with
p < 0.20 in univariate analysis, plus clinically recognized
prognostic factors, entered the multivariate Cox (backward
elimination) regression analysis. Hazard ratios with 95%
CIs were calculated (HR > 1: increased risk; HR < 1: pro-
tective effect). The proportional hazards assumption was
verified using Schoenfeld residuals.

Kaplan-Meier curves visualized PFS; log-rank tests
were used to compare survival distributions. Optimal cut-
offs for continuous variables were determined via maxi-
mally selected rank statistics or receiver operating charac-
teristic (ROC) curve analysis. The ROC analysis evaluated
the diagnostic performance of inflammatory markers and
clinical variables for predicting high-grade gliomas (WHO
grade IV) versus low- or intermediate-grade gliomas. Area
under the curve (AUC) values with 95% CIs were calcu-
lated; the optimal cut-off was determined using Youden’s
index (sensitivity+specificity—1). Sensitivity, specificity,
positive predictive value and negative predictive value were
calculated for each significant predictor.

Spearman’s rank correlation coefficients were used to
assess relationships between inflammatory markers and
clinical features. Correlation strength was weak (r < 0.3),
moderate (0.3 < r < 0.7) or strong (r = 0.7). Correlation
matrices with heatmaps were generated.
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Malignancy prediction model construction

Table 1. Baseline characteristics of the study population (n = 107)
Variable Value
Demographics
Age (years), mean + SD 543 +13.5
Age (years), median (range) 55(21-82)
Sex, male, n (%) 57 (53.3)
Sex, female, n (%) 50 (46.7)
Body mass index (kg/m?), mean + SD 247 +£3.2
Clinical features
Preoperative KPS, mean = SD 79.2+£29.7
Preoperative KPS, median (interquartile range) 95 (80-95)
KPS > 80, n (%) 72 (67.3)
KPS < 80, n (%) 35(32.7)
Tumor characteristics
Tumor size (cm), mean = SD 5.45+2.08

Tumor location
- Frontal lobe, n (%) 41 (38.3)
- Temporal lobe, n (%) 35(32.7)
- Parietal lobe, n (%) 18(16.8)
13(
48 (

- Other locations, n (%) 12.2)
Eloquent location, n (%) 44.9)
Pathology

Low grade (II), n (%) 26 (24.3)
Mid grade (Ill), n (%) 22 (20.6)
High grade (IV), n (%) 59 (55.1)
Surgical Details
Extent of resection
- gross total resection (= 95%), n (%) 69 (64.5)
- subtotal resection (75-94%), n (%) 38 (35.5)
Preoperative laboratory values
Neutrophils (x 10°/L), mean + SD 4.81+254
Lymphocytes (x 10%/L), mean + SD 1.66 + 0.68
Platelets (x 10°/L), mean + SD 223+714
Neutrophil-to-lymphocyte ratio, mean + SD 4.21+£8.05

Neutrophil-to-lymphocyte ratio, median
(interquartile range)

Platelet-to-lymphocyte ratio, mean + SD
Adjuvant therapy

Radiotherapy, n (%)

Chemotherapy, n (%)

2.85(1.98-4.52)

162.11 £102.02

SD - standard deviation; KPS - Karnofsky performance status

All tests were two tailed, with p < 0.05 indicating statis-
tical significance. Analyses were conducted using R version
4.2.0 (R Foundation for Statistical Computing, Vienna,
Austria) with the survival, survminer, pROC and corrplot
packages.

Table 2. Comparison of preoperative and postoperative blood indices

RESULTS
Baseline characteristics

A total of 107 patients were included in the final analy-
sis (Table 1). The mean age at diagnosis was 54.3 £ 13.5
years, with 57 male patients (53.3%) and 50 female patients
(46.7%). The mean BMI was 24.7 + 3.2 kg/m?; the mean
preoperative KPS was 79.2 + 29.7 (median: 95). Tumor
pathology results were as follows: high-grade (WHO IV)
55.1% (n = 59), intermediate (III) 20.6% (n = 22) and low-
grade (II) 24.3% (n = 26). The mean tumor diameter was
5.45 + 2.08 cm. Frontal lobe tumors were the most com-
mon type (38.3%), followed by temporal tumors (32.7%).
The eloquent location percentage was 44.9%; GTR was
identified in 64.5% of cases and STR in 35.5%.
Preoperative neutrophil count was 4.81 + 2.54 x 10°/L,
lymphocyte count was 1.66 + 0.68 x 10°/L and platelet
count was 223 + 71.4 x 10°/L. The mean NLR was 4.21 +
8.05 (median: 2.85, IQR: 1.98-4.52), and the mean PLR was
162.11 £ 102.02. Adjuvant radiotherapy was performed in
28 (26.2%) cases, and chemotherapy in 26 (24.3%), typi-
cally for high-grade or incompletely resected tumors.

Perioperative changes in inflammatory markers

Paired analysis (Table 2, Figure 1) showed a significant
postoperative neutrophil increase from 4.81 + 2.54 to
6.57 £ 3.21 x 10°/L (mean difference: +1.76, p < 0.001).
Lymphocytes decreased non-significantly from 1.66 + 0.68
to 1.6 £ 0.71 x 10°/L (p = 0.391). Platelets increased from
223 + 71.4 to 229 + 88.2 x 10°/L (p = 0.418), and NLR
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Figure 1. Paired comparison of perioperative neutrophil counts

. Pre-op Post-op Mean o .
Indicator mean + SD mean + SD difference 95% ClI p Interpretation
I\:fféi‘/’sh"s 481+2.54 6.57 +3.21 +1.76 1.02-2.50 | <0.001* | Significant increase
(L>’<'T(‘)’J/‘I‘_’)Cytes 1.66 + 0.68 1.6+0.71 -0.06 -0.18-0.06 0391 | No significant change
I(J>I<a1tg|"’3t5 223+714 229 +88.2 +6 7.2-192 0418 | No significant change
Neutrophil-to-lymphocyte ratio 4.21£8.05 4.77 £3.94 +0.57 -0.91-2.05 0.466 No significant change
Platelet-to-lymphocyte ratio 162.11+£102.02 | 169.34+115.28 +7.23 -12.45-26.91 0.512 No significant change

SD - standard deviation; Cl - confidence interval; *statistically significant at p < 0.05
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increased from 4.21 to 4.77 (p = 0.466). These findings
reflect surgical stress and highlight timing considerations
for inflammatory marker assessment.

Univariate analysis of prognostic factors for
progression-free survival

Univariate Cox regression (Table 3) identified trends
towards better PFS with younger age (HR = 0.97 per
year, 95% CI: 0.93-1.01, p = 0.151) and GTR versus STR
(HR = 0.49, p = 0.302), and worse prognosis with high-
grade pathology (HR = 2.34, p = 0.166). However, none
reached statistical significance. Male sex (HR = 0.69,
p =0.508), BMI (HR = 0.97, p = 0.763), preoperative KPS
(HR =1, p = 0.589), tumor size (HR = 1.07, p = 0.637),
neutrophil count (HR =1.12, p = 0.188), NLR (HR =1,
p =0.924) and PLR (HR = 1, p = 0.782) showed no signifi-
cant associations. Adjuvant radiotherapy (HR = 6.42, 95%
CI: 1.76-23.40, p = 0.005) and chemotherapy (HR = 7.69,
95% CI: 2.09-28.33, p = 0.002) were paradoxically associ-
ated with worse PFS, reflecting selection bias (these thera-
pies were preferentially given to patients at higher risk).

Table 3. Univariate Cox regression analysis for progression-free survival

Wang B., He Y.

Multivariate Cox regression analysis

Variables with p < 0.20 (age, pathology grade, resection
extent, preoperative KPS and neutrophil count / NLR)
were entered into multivariate Cox analysis with backward
elimination. The final model retained age as the only inde-
pendent prognostic factor (Table 4). Younger age indepen-
dently predicted better PFS (HR = 0.93 per year, 95% CI:
0.89-0.98, p = 0.009); each additional year increased the
progression hazard by approximately 7%. Pathology grade
(p = 0.185), EOR (p = 0.980), KPS (p = 0.252) and NLR
(p = 0.902) were not independently significant.

Survival analysis by clinical and pathological
factors

Kaplan-Meier curves (Figures 2 and 3) demonstrated clear
PFS stratification by pathology grade (log-rank p < 0.001).

1.0 *‘r& .

o
o

Survival Probability
o
>

0.2
Path
—— High Grade (IV) (N=54)
—— Mid Grade (Ill) (N=20)
—— Low Grade (Il) (N=26)

0.0

0 25 50 75 100 125 150 175
Time (Months)

Variable e 95% Cl p
ratio

Age (per year) 0.97 0.93-1.01 0.151
Sex (male vs. female) 0.69 0.23-2.05 0.508
Body mass index (per kg/m?) 0.97 0.79-1.18 0.763
Dertormance status (per poing) | 100 | 098101 | 0589
Tumor size (per cm) 1.07 0.80-1.45 0.637
Resection (GTR vs. STR) 0.49 0.13-1.91 0.302
Pathology (high vs. low/mid) 234 0.70-7.80 0.166
Eloguent location (yes vs. no) 1.12 0.38-3.28 0.838
Preoperative neutrophils 1.12 0.95-1.32 0.188
Preoperative lymphocytes 0.88 0.45-1.73 0.715
Preoperative NLR 1.00 0.94-1.07 0.924
Preoperative PLR 1.00 0.99-1.01 0.782
Radiotherapy (yes vs. no) 6.42 1.76-23.40 | 0.005*
Chemotherapy (yes vs. no) 7.69 2.09-28.33 | 0.002*

Cl - confidence interval; GTR - gross total resection; STR - subtotal resection;
NLR - neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio;
*statistically significant at p < 0.05

Table 4. Multivariate Cox proportional hazards model for progression-
free survival

Hazard

Variable - 95% Cl p
ratio

Age (per year) 0.93 0.89-0.98 0.009*

Pathology (high vs. low/mid) 4.67 0.48-45.41 0.185

Resection (gross total resection

vs. subtotal resection) 0.97 0.06-15.12 0.980
Preoperative Karnofsky ) 0.99 0.97-1.01 0.252
performance status (per point)

Preoperative neutrophil-to- 0.99 0.92-1.08 0.902

lymphocyte ratio

*statistically significant at p < 0.05

DOI: https://doi.org/10.2298/SARH260311072W

Figure 2. Kaplan-Meier survival analysis by pathology grade; the sur-
vival curves demonstrate significant differences in progression-free
survival across glioma grades; high-grade [World Health Organization
(WHO) grade IV] gliomas (blue line) show the most rapid decline in
survival probability, with median progression-free survival of approxi-
mately eight months; mid-grade (WHO grade lll, brown line) and low-
grade (WHO grade lI, green line) gliomas demonstrate considerably
better survival outcomes; the "+" symbols indicate censored observa-
tions; log-rank test p < 0.001
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Figure 3. Impact of resection extent on progression-free survival;
Kaplan—-Meier curves comparing patients who underwent gross to-
tal resection [(GTR), red line] vs. subtotal resection [(STR), green line];
GTR patients demonstrate consistently higher survival probabilities
throughout follow-up, with approximately 70% progression-free at 12
months compared to 55% for STR; log-rank test p = 0.089
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Malignancy prediction model construction

Table 5. Diagnostic performance of inflammatory markers and clinical features for pre-

dicting high-grade glioma

patients with GTR had higher survival
probabilities at all time points than those

AUC - area under the curve; Cl - confidence interval;

NLR - neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio;
KPS - Karnofsky performance status;

*statistically significant at p < 0.05

0.8
0.6 !

0.4 i
s !

Sensitivity (True Positive Rate)
1
I

0.2

Age (AUC =0632)
e == NLR (AUC =0.606)
0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity (False Positive Rate)

Figure 4. Diagnostic ROC curve analysis for predicting high-grade
glioma; the stepped ROC curves display the diagnostic performance
of age (orange solid line, AUC = 0.632) and preoperative neutrophil-to-
lymphocyte ratio (purple dashed line, AUC = 0.606) in distinguishing
high-grade (World Health Organization grade IV) from lower-grade
gliomas; the characteristic stepped appearance reflects the finite
sample size typical of real-world clinical datasets; the diagonal refer-
ence line represents random chance (AUC = 0.5); both markers showed
modest but statistically significant or near-significant predictive value

High-grade (WHO IV) gliomas had a median PES of ap-
proximately eight months, whereas lower-grade tumors
showed substantially longer survival. Regarding EOR,

Table 6. Spearman correlation matrix of clinical features

Variable AUC 95% Cl p Cutoff | Sensitivity | Specificity with STR (12-month PFS: approx. 70% vs.
Age (years) 0.632 | 0.527-0.737 | 0.019*| >58 56.5% 77.3% 55%), but the log-rank test was not signifi-
Preoperative NLR | 0.606 | 0.499-0.713 | 0.058 | >176 | 85.5% 34.1% cant (p = 0.089).

Preoperative PLR | 0.542 | 0.433-0.651 | 0.456 | > 124.55 68.1% 47.7%

Tumor size (cm) 0.526 | 0.417-0.635 | 0.641 >4 82.6% 22.7% Diagnostic performance of

Preoperative KPS | 0.476 | 0.366-0.586 | 0.667 <90 62.7% 47.9% inflammatory markers for predicting

high-grade glioma

The ROC analysis (Table 5, Figure 4)
evaluated preoperative markers for predicting high-grade
(WHO IV) glioma. Age showed moderate discriminative
ability (AUC = 0.632, 95% CI: 0.527-0.737, p = 0.019); an
optimal cut-off > 58 years yielded a sensitivity of 56.5%
and a specificity of 77.3%. Preoperative NLR showed bor-
derline significance (AUC = 0.606, 95% CI: 0.499-0.713,
p = 0.058); a cut-oft > 1.76 yielded high sensitivity (85.5%)
but low specificity (34.1%); PLR (AUC = 0.542, p = 0.456),
tumor size (AUC = 0.526, p = 0.641) and preoperative KPS
(AUC = 0.476, p = 0.667) showed no significant discrimi-
native ability.

Correlation analysis of clinical features

Spearman correlation analysis (Table 6) revealed a signifi-
cant negative correlation between preoperative KPS and
NLR (r=-0.453, p < 0.001). Age also correlated negatively
with KPS (r = -0.387, p < 0.001); NLR and PLR showed a
strong positive correlation (r = 0.632, p < 0.001). Tumor
size correlated with neither NLR (r = -0.110, p = 0.259)
nor KPS (r = 0.088, p = 0.368).

Impact of adjuvant therapy

As shown in Table 7, adjuvant radiotherapy (HR = 6.42,
95% CI: 1.76-23.40, p = 0.005) and chemotherapy
(HR =7.69, 95% CI: 2.09-28.33, p = 0.002)
were paradoxically associated with worse PFS,
reflecting confounding by indication. Among

Variables nggiecliaetri‘f[’?r) p Interpretation radiotherapy recipients, 89.3% had high-grade
KPS vs. NLR -0.453 < 0.007* | Moderate negative correlation ghomas compared with 42% (?f 'non—reCIplents
Age vs. KPS -0.387 < 0.001* | Moderate negative correlation (p <0.001). Chemotherapy recipients had larger
NLR vs. PLR +0.632 <0.001* | Strong positive correlation tumors (6.2 £2.3 vs. 5.1 £1.9 cm, p= 0.012) and
Tumor size vs. NLR -0.110 0.259 No significant correlation lower GTR rates (46.2% vs. 72.8%, p= 0.009).
Tumor size vs. KPS +0.088 0.368 No significant correlation

Age vs. NLR +0.156 0.109 Weak positive correlation

NLR - neutrophil-to-lymphocyte ratio; PLR - platelet-to-lymphocyte ratio;
KPS - Karnofsky performance status;
*statistically significant at p < 0.05

Table 7. Impact of adjuvant therapy on progression-free survival (subgroup analy-

DISCUSSION

The present study evaluated clinical, pathologi-
cal, treatment-related and systemic inflammato-

sis) ry factors in relation to PES and the preoperative
O N Hazard | oco 0 Interpretation 1dent1ﬁce.1t10n of hlgh—grade gl}oma. Age was the

yes/no | ratio only variable retained as an independent fac-

Radiotherapy | 28/79 | 642 |1.76-23.40 |0.005* Se'egggstb'as tor in the multivariable Cox model (HR = 0.93,

Selection bias 95% CI: 0.89-0.98, p = 0.009), confirming the

Chemotherapy | 26/81 7.69 | 2.09-2833 | 0.002* effect importance of age in prognostic assessment [14].

Cl - confidence interval;
*statistically significant (reflects selection bias rather than treatment harm)
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Pathological grade clearly stratified PFS in the
Kaplan-Meier analysis, whereas GTR showed
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a favorable but statistically nonsignificant survival trend.
Preoperative NLR demonstrated limited, borderline dis-
criminatory ability for high-grade glioma and was signifi-
cantly associated with functional status. Taken together,
these findings suggest that prognosis is not determined
by a single marker but by the interaction of tumor aggres-
siveness, host functional reserve, systemic inflammation,
surgical treatment and subsequent treatment selection.

Age, KPS and systemic inflammatory indices should
therefore be interpreted as related rather than isolated
prognostic domains. Age was moderately and negatively
correlated with preoperative KPS (r = -0.387, p < 0.001),
indicating that older patients tend to have poorer func-
tional status. In parallel, NLR was moderately and nega-
tively correlated with KPS (r = -0.453, p < 0.001), sug-
gesting that a greater systemic inflammatory burden was
associated with reduced functional capacity. However, the
direct correlation between age and NLR was weak and
not statistically significant (r = 0.156, p = 0.109). This
pattern is compatible with, but does not prove, a clinical
pathway in which age-related loss of physiological reserve
and systemic inflammation jointly contribute to poorer
performance status. Because these associations were cross-
sectional, KPS cannot be considered a mediator between
age, inflammation and PFS on the basis of the present
data alone. Moreover, NLR and PLR were strongly corre-
lated (r = 0.632, p < 0.001), which is biologically plausible
because both indices reflect systemic inflammation and
share lymphocyte count as their denominator. Their cor-
relation also indicates that they should not automatically
be treated as independent sources of prognostic informa-
tion. By contrast, tumor size was not correlated with either
NLR or KPS, suggesting that systemic inflammation and
functional impairment were not simply proxies for radio-
logical tumor size.

The perioperative findings further emphasize the im-
portance of measurement timing. Neutrophil counts in-
creased significantly after surgery, whereas lymphocyte
and platelet counts did not change significantly. Although
the mean NLR increased numerically from 4.21 to 4.77,
this change was not statistically significant (p = 0.466).
Therefore, the present results support a postoperative neu-
trophil response to surgical stress but do not establish a sig-
nificant perioperative increase in NLR. Previous evidence
suggests that a marked rise in NLR following tumor resec-
tion may be associated with poorer outcomes in GBM [15].
Prospective studies using standardized sampling intervals
are needed to determine whether perioperative NLR trajec-
tories provide information beyond baseline inflammatory
status and established clinical factors.

In our ROC analysis, preoperative NLR showed moder-
ate predictive value for high-grade glioma (AUC = 0.606),
consistent with prior reports. A systematic review con-
tirmed that elevated NLR is consistently associated with
high-grade gliomas, although optimal cut-offs varied
across studies [16]. Our identified cut-off of 1.76 is lower
than many published thresholds, possibly due to differ-
ences in study populations, grade distributions or labo-
ratory methods. At this cut-off, NLR demonstrated high

‘ DOI: https://doi.org/10.2298/SARH260311072W

Wang B., He Y.

sensitivity (85.5%) but low specificity (34.1%), suggesting
it may be more useful as a negative predictive marker than
a definitive diagnostic tool.

NLR was negatively correlated with preoperative KPS
(r=-0.453, p < 0.001), suggesting that systemic inflam-
mation contributes to functional decline. Prior research
has also reported inverse correlations between KPS and
inflammatory markers and has shown that baseline func-
tional status predicts postoperative improvement [17].
Understanding this relationship may enable clinicians to
identify patients at risk for poor functional outcomes and
potentially implement prehabilitation strategies, although
such interventions remain investigational.

EOR showed a favorable but nonsignificant survival
trend (p = 0.089), contrasting with literature supporting
maximal safe resection [18]. Several explanations may
account for this discrepancy. First, our relatively modest
sample size may have limited statistical power to detect
significant differences. Second, the dichotomization of
EOR into GTR compared with STR may oversimplify a
more nuanced relationship. Third, the prognostic benefit
of extensive resection may be most pronounced in specific
molecular subtypes, and our study did not stratify by IDH
mutation status or other molecular markers due to incom-
plete data availability.

Despite promising univariate trends, preoperative NLR
was not independently prognostic in our multivariate
Cox model, diverging from meta-analyses showing that
elevated NLR predicts worse OS in GBM [8]. Possible ex-
planations are that our heterogeneous cohort included all
glioma grades, whereas supportive literature focuses on
GBM; NLR’s prognostic value may be grade dependent
[19]; and post-treatment or dynamic NLR changes may
be more informative than static preoperative values [20].

The paradoxical association of adjuvant radiotherapy/
chemotherapy with worse PES reflects confounding by in-
dication, as these therapies were preferentially given to pa-
tients at higher risk. This well-documented phenomenon
underscores the need for appropriate statistical adjustment
and cautious interpretation. Future studies using propen-
sity score matching may help address such selection bias.

Inflammatory markers could serve as surrogate bio-
markers for treatment response and surveillance. Unlike
imaging, peripheral blood markers offer objective, non-
invasive and cost-effective monitoring [21]. Serial NLR
measurements may detect early progression before radio-
logical changes.

Mechanistically, neutrophils promote tumor progres-
sion via matrix metalloproteinases and vascular endothe-
lial growth factor and suppress antitumor immunity [22].
Lymphocytes mediate antitumor responses, and lympho-
penia reflects impaired immunity [23]. Thus, NLR rep-
resents a clinically measurable proxy for tumor-immune
equilibrium.

Immunotherapies (e.g., immune checkpoint inhibitors,
CAR T-cell therapy) have limited success [24]. Baseline
inflammation may predict response, and elevated NLR
might indicate poor benefit. Inflammatory markers could
become companion biomarkers.
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The clinical translation of inflammatory markers as
prognostic tools requires careful consideration of cut-off
values, measurement standardization and integration into
decision-making frameworks. Unlike molecular mark-
ers, which typically have biologically defined thresholds,
inflammatory markers are continuous variables subject
to laboratory variation and influenced by numerous con-
founding factors, including infection, stress, medications
and comorbidities [25]. Efforts to standardize collection
protocols, define universal cut-offs through large prospec-
tive studies and develop validated algorithms will be es-
sential for clinical implementation.

This study has several limitations. First, the retrospec-
tive single-center design may have introduced selection
bias and limit generalizability. Second, the modest sample
size lacked sufficient statistical power for subgroup analy-
ses, and the heterogeneous follow-up durations further
limited comprehensive survival assessment. Notably, mo-
lecular marker data (IDH mutation, MGMT promoter
methylation) were unavailable, despite the 2021 WHO
classification emphasizing their fundamental role in gli-
oma diagnosis and prognostication [26]; IDH mutation
and MGMT methylation strongly influence survival and
treatment response [27]. Additionally, we did not evaluate
post-treatment inflammatory marker dynamics or their
association with disease recurrence, which warrant future
investigation.

Despite these limitations, our study provides valuable
insights into the interplay between systemic inflammation,
clinical features and glioma prognosis. The demonstra-
tion of a significant correlation between NLR and func-
tional status provides biological plausibility for the use of
inflammatory markers as prognostic tools. The indepen-
dent prognostic value of age reinforces its importance in
contemporary glioma management. The modest but sig-
nificant predictive value of age and NLR for high-grade
pathology suggests potential utility in preoperative risk
stratification and surgical planning.

CONCLUSION

In conclusion, the present findings support a multidimen-
sional interpretation of prognosis in glioma. Age provided
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UHdNamaToOpHU KOMNO3UTHU MHAUKATOPYU U KIMHUYKE KaPaKTEPUCTUKE 3a aHaU3Y
NPOrHOCTUYKMUX PaKTOpa M U3rpaAtby Mogena 3a npeasuharbe MaurHuTeTa Koa

6onecHUKa ca riMomom

BuHxeHr BaHr', JoHruanr Xe?

'BonHnua Janaa y Xebejy, Ofemetbe 3a Heypoxupyprujy, CaHxe, npoBuHLyja Xebej, KuHa;
OHKornoLwKa 6onHULa KnHecke akagemmje MeAULIMHCKNX HayKa, MeknHr, KuHa

*OBw ayTOpW CY jeAHaKO AOMPUHENW pagy

CAMETAK

YBop/Lum Linb paga 6uo je npolieHa MHGRaMaTopHUX KOM-
NO3UTHWX MHAMKATOPA M KNVHWNYKMX KapakTepUCTIKa Kao Npo-
THOCTMYKMX GpaKTopa 1 pa3Boj Mofena 3a npefsuharbe cTeneHa
MasnurHuTeTa rmmoma.

Metope CnpoBefeHa je peTpocnekTuBHa aHanm3a 107 6one-
CHVIKa Ca rMOMOM KOjy Cy MOABPIHYTU X1PYPLLKOj peceKkumju.
MpuKyn/beHn cy KNMHUYKM Nodauy, YKibyuyjyhin ctapocT, non,
NHAEKC TenecHe Mace, KapHOPCKM MHAEKC, KapaKTeprCTUKe
TyMOpa 1 MapameTpe KOMMIETHE KPBHE CIIUKE, MPeonepaTriBHO
1 noctonepaTMBHO. KokcoBa perpecuja nponopLroHanHmux
pri3viKa NpUMereHa je 3a aeHTUdnKaLnjy He3aBUCHNX NPO-
THOCTMYKIX haKTopa NpexuBrbaBatba b6e3 nporpecyje. AHanv3a
ROC kpuBe kopuwwheHa je 3a NpoLeHy AnjarHOCTUYKMX Nep-
dopmaHcu nHPnamaTopHMX Mapkepa y npeasuhary rnvoma
BUCOKOT CTeneHa ManurHmTeTa.

PesynrtaTu KoxopTa je obyxatuna 107 6onecHuka (cpegrba
crapoct 54,3 + 13,5 roguHa, 53,3% myLukapaua). [nmomm Brco-
Kor cteneHa manurHuteTa (IV cteneH npema Knacudukaumjm
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CBeTcKe 34paBCTBEHE OpraHu3auuje) YuHunm cy 55,1% cnyva-
jeBa. bpoj HeyTpoduna y nepronepaTiBHOM Nepuogy 3HauyajHo
je nopacrao, fok je 6poj numdoLrTa ocTao cTabunaH. Y myntu-
BapujaHTHoj KokcoBoj aHanm3u, mnaha ctapoct (HR = 0,93, 95%
C10,89-0,98, p = 0,009) 6una je He3aBKCHO NOBE3aHa ca 60sbVM
npexusrbaBarbem 6e3 nporpecuje 6onectn; ROC aHanusa no-
Ka3ana je ga ctapoct (AUC= 0,632, p = 0,019) n npeonepatuns-
HY ofiHOC HeyTpoduna n numdoumnta (AUC = 0,606, p = 0,058)
rnokasyjy noteHuujan y npeasubatby rnvioma BUCOKOT CTeneHa
Manuriuteta. CnmpmaHoBa KopenawoHa aHanumsa oTkpuna je
3HauajHy HeraTuBHY Kopenauujy namehy KapHodckor nHaekca
1 ofiHOCa HeyTpoduna 1 numoouuTa.

3akmyuak CTapocT npefcTaB/ba He3aBUCHN MPOrHOCTUYKN
daKTop NpexuB/baBaka 6e3 nporpecuje 6onectn kog 6one-
CHUKa ca rnromoMm. NpeonepaTuBHU MHOIAMATOPHN MapKepy,
noce6Ho ogHoC HeyTpoduna n numdoLnTa, y KOMOUHaLKjL ca
KIMHUYKMM NapamMeTpriMa, Kao LUTO je CTapOCT, MOKa3yjy NOTeH-
unjan y npeasuhatby cTeneHa ManurHuTeTa riavoma.

KmbyuHe peun: rnvom; HeyTpodunu; nporHo3a; ynana

www.srpskiarhiv.rs

483



DOI: https://doi.org/10.2298/SARH260608073E

UDC: 616.56-008.8-085

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Can heart rate variability be utilized to predict
compensatory sweating after endoscopic thoracic
sympathicotomy in patients with primary focal
hyperhidrosis?
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SUMMARY

Introduction/Objective Hyperhidrosis is a condition of pathologically excessive sweating that exceeds
the body’s physiological requirements for thermoregulation. Endoscopic thoracic sympathicotomy (ETS)
is a commonly used treatment for primary focal hyperhidrosis (PFH); however, it may result in compensa-
tory sweating (CS), which represents its most frequent postoperative complication. This study aimed to
investigate whether heart rate variability (HRV) parameters could predict CS.

Methods A prospective single-center study was conducted in 100 patients with PFH who underwent
ETS. Preoperatively, all patients underwent 24-hour Holter electrocardiographic monitoring to assess
standard HRV parameters. ETS was performed by transection of the sympathetic chain at the level of
the third (R3) and fourth (R4) ribs, including the accessory Kuntz fibers. One month after surgery, the
presence and severity of CS were assessed.

Results CS was absent in 61% of patients (p = 0.028). Mild CS was the most common form (p < 0.01). No
statistically significant differences were observed in the analyzed preoperative HRV parameters between
patients with and without CS (p > 0.05), including the low-frequency (LF)/high-frequency (HF) ratios,
which represent balanced autonomic activity (LF/HF < 2) and sympathetic predominance (LF/HF > 2).
Receiver operating characteristic curve analysis showed that age had significant predictive accuracy for
CS (area under the curve 0.7333; 95% confidence interval 0.634-0.833; p < 0.01), with an optimal cut-off
of 23.5 years (sensitivity 0.82, specificity 0.47).

Conclusion HRV parameters cannot reliably predict CS following bilateral ETS in patients with PFH. The
study confirmed that the optimal age for surgery is below 23.5 years.

Keywords: video-assisted thoracic surgery; sweating; sympathectomy; autonomic nervous system;
minimally invasive surgery
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INTRODUCTION

Hyperhidrosis is defined as a condition of
pathologically excessive sweating that exceeds
the body’s physiological needs for thermo-
regulation. Hyperhidrosis can be secondary;,
most often generalized, as a consequence of
various diseases and conditions, or primary,
focal or cryptogenic, with involvement of the
palms, soles or axillae. The pathophysiology
of primary focal hyperhidrosis (PFH) remains
unclear. Excessive sweating in PFH is a direct
consequence of increased secretion by sweat
glands. Eccrine glands in individuals with PFH
are completely normal in anatomy, number,
and distribution [1]. It has been suggested that
PFH results from complex hyperstimulation of
the sympathetic nervous system (SNS) when
exposed to emotional stress. Any emotional

state or exposure to stress can be an activator
of an episode of PFH, but symptoms can also
occur without any emotional or thermal stim-
uli. After the action of an activating stimulus,
sweating occurs instantly and is continuous. If
conservative treatment fails, endoscopic tho-
racic sympathicotomy (ETS) is the method of
choice [2, 3]. The most common complication
of ETS is compensatory sweating (CS) [4]. CS
affects regions of the body that have not been
previously surgically altered. The mechanism
of action is still unknown [5]. Some research
also shows a high prevalence of depression and
anxiety disorders in this group, along with spe-
cific dietary habits, including increased caffeine
consumption and the recognition of spicy and
fatty foods as sweating triggers [6, 7]. Expert
consensus stated that, to prevent CS, patients
undergoing surgery should preferably be under
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25 years of age and have a body mass index under 28 [3, 8].
Neuronal cell bodies responsible for the innervation of the
sweat glands of the trunk and upper extremities are located
at the level of the second to eighth thoracic segments of
the spinal cord [9]. With the current evidence level, it is
generally accepted that most cardiac sympathetic fibers
also originate from the spinal cord at the level of the first
to fifth thoracic segments [10, 11].

Heart rate variability (HRV) is a non-invasive, easily re-
producible method of measuring the influence of the auto-
nomic nervous system on cardiac function. The data were
obtained through 24-hour Holter monitoring and subse-
quent computer processing. HRV indices provide numeri-
cal values of cardiac autonomic nervous system tone. The
basic principle of HRV is the measurement of the change in
the interval between two consecutive heartbeats — rhythm
fluctuations [12]. Research worldwide indicates that pa-
tients with hyperhidrosis experience a significant decrease
in quality of life. This reduction is reflected in lower scores
on the mental component of the SF-36 questionnaire and
decreased values on the Dermatology Life Quality Index
[13, 14]. However, after treatment of primary hyperhidrosis,
the quality of life of patients improves significantly, and
this improvement is maintained for many years after the
intervention [15, 16]. This is shown by global meta-analyses
and observations by domestic authors [17].

The aim of this study was to confirm the potential ex-
istence of HRV parameters that would serve as predictors
of CS.

METHODS

A prospective, monocentric, non-interventional study
was conducted at the Institute of Pulmonary Diseases of
Vojvodina, Sremska Kamenica, Serbia, in the period from
March 2022 to July 2024. After voluntarily signing the in-
formed consent form, 100 subjects were included in the
study. Patients were divided into two equal groups (50 pa-
tients each) according to the number of affected regions:
palmar and plantar (PP) PFH, and palmar, plantar and axil-
lary (PPA) PFH. Inclusion criteria were: first operation for
PFH, Hyperhidrosis Disease Severity Scale grades three
and four. Exclusion criteria were the following: psychiatric
diseases, cardiac diseases and use of drugs, acute infections,
use of alcohol, narcotics and tobacco, professional sports.
Holter monitoring for 24 hours was undertaken preopera-
tively using EVO 4 (Spacelabs Healthcare Ltd, Hertford,
UK) with Spacelabs Healthcare 2018 — Sentinel v11.0.0.9904
data processing software. All standard HRV parameters in
the time and frequency domains were monitored.

In all subjects, standardized operative treatment was
performed in the form of ETS by cutting the sympathetic
chain at the level of R3 and R4 (ultrasound hook, R3, top
and bottom - R4, top and bottom) and cutting the acces-
sory Kuntz fibers. After the expert consensus from 2011,
the term sympathicotomy was established for the cutting of
sympathetic fibers, while the term sympathectomy means
the removal of part of the sympathetic trunk [8]. Follow-up
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assessments were performed on the seventh day and one
month after discharge from the hospital. One month af-
ter surgery, the presence and degree of CS were verified.
Patients reported the presence of one of four offered de-
grees of CS: absent, minor, unpleasant or disabling.

Statistical methods

From the methods of descriptive statistics, the measures
of central tendency were used in the study, specifically the
arithmetic mean, measures of variability, namely the stan-
dard deviation and median, as well as relative numbers.
From the methods of analytical statistics, methods for
identifying empirical distributions (Kolmogorov-Smirnov
test) were used, along with methods for assessing the sig-
nificance of differences depending on the type of data and
distribution, specifically the independent samples t-test,
Mann-Whitney U test, and x* test. To assess the signifi-
cance of the relationship between predictor variables and
outcome in relation to the time elapsed until the outcome,
univariate and multivariate Cox regression analyses were
used. The discriminatory capacity, i.e., the predictive ac-
curacy of the examined parameters for the presence of CS,
was determined by the area under the receiver operating
characteristic (ROC) curve (c-statistic), and the best cut-off
value of variables for predicting CS was also estimated. A
c-statistic above 0.7 was considered an acceptable discrimi-
native capacity of the model. Statistical data processing was
performed in JASP software, version 0.96.0 (University of
Amsterdam, Amsterdam, The Netherlands), and p < 0.05
was used as the criterion for statistical significance.

RESULTS

The study included 100 patients, aged 18-54 years, with an
average age of 28.33 + 8.51 years, a median age of 24 years
(10/100), of whom 57 (57%) were female. There was no
statistically significant difference in sex distribution in the
observed groups PP and PPA PFH, p = 0.162.

CS was absent in 61 (61%) patients who were operated
on (p = 0.028). Minor CS was most frequent (p < 0.01),
and the incidence of unpleasant CS was higher than that
of disabling CS (p = 0.011) (Figure 1).

70%

61%
60%
50%
40%
25%-...
30%
20%
9%-..
10%
0%

Diésbling

Percentage

Absent Minor Unpleasant
-10%
Degree of compensatory sweating

= Compensatory sweating =~ ==++seee+ Linear (Compensatory sweating)

Figure 1. Frequency of different degrees of postoperative compensa-
tory sweating
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Table 1. Mean patient age and gender and incidence of postoperative compensatory sweat-

ing in relation to type of primary focal hyperhidrosis

Ergelasev I. et al.

In the group of patients with LF/HF < 2,

there was no statistically significant difference

P TS Type ofihyperhidrosis in the mean values of preoperative LF/HF (1.59
Palmar-plantar Palmar-plantar-axillary p vs. 1.44; p = 0.163), or in the group of patients

(0TI I Il Tl e D L O with LE/HF > 2 (3.41 vs. 3.5; p = 0.801). In the

Age (years) 29.18 |8.73 2748 |8.27 0.320° group of patients with PP PFH and LF/HF < 2,
Sex Male 30| 526 271474 | s4se | there was no statistically significant difference
Female 20 | 465 23 | 535 in mean LF/HF values (1.66 vs. 1.38; p = 0.078),

Ab_sent 32 | 525 29 | 475 or in the group of patients with LF/HF > 2 (3.24

SC\;:;piienngsatory Un,\:IZaos;nt 153 ::’2 146 ii'i 0.666" vs. 3.33; p = 0.851). In the group of patients
Disabling 0 0 T 00 Wlt}.l PPA PEH 'flr.1d LF/HF <2, there was no

Compensatory No 32 | 525 29 | 475 i statistically s1gn1f1c.ant difference in the mean
sweating Ves 18 | 262 21 538 | 033 values of preoperative LF/HF (1.54 vs. 1.51;p =

SD - standard deviation;
*Mann-Whitney U-test;

by test

Table 2. Mean values of the examined heart rate variability parameters in patients with and

without compensatory sweating

0.876), or in the group of patients with LE/HF
>2(3.63 vs.3.61; p = 0.974) (Figure 2).
Univariate Cox regression analysis showed
that univariate statistically significant predic-
tors of postoperative CS were age (p < 0.01) and

(— Compensatory sweating HEF after statistical control for age (p < 0.01)
variability No Yes p (Table 4).

parameters | Mean | SD | Min | Max | Mean | SD | Min | Max Multivariate Cox regression analysis
HR maximum | 127.7 | 19 85 173 | 1213 | 168 | 92 162 0088 | showed that age [relative risk (RR) 1.11; 95%
HR minimum | 539 | 85 | 40 77 527 | 66 38 0.466¢| confidence interval (CI) (1.05-1.18); p < 0.01]
HR 743 | 94 | 55 98 727 | 93 49 0.390°| and HF before ETS [RR 1.00; 95% CI (1.00-
SDNN (ms) 1441 | 319 | 86.5 | 229.7 | 146.2 | 288 | 99.9 | 2322 |0.849° 1.001), p< 0.01] were independent predictors
NN (RR) 8226 | 104 | 598 | 1072 | 8429 | 1149 | 649.4 | 12225 |0363°| of CS. The analysis of ROC curves for the pa-
SDANN 153.1 | 713 | 60.1 | 4029 | 1428 | 658 | 759 | 4286 |0377°| tient age variable showed that it has a statis-
RMSSD (ms) | 532 | 51.2 | 21 | 4127 | 552 | 306 | 235 | 151 |0283| ftically significant predictive accuracy for the
pNN50% 208 | 303 | 24 | 2361 | 199 | 128 | 19 | 571 ]0322°| occurrence of HF (area under the ROC curve
LF (ms?) 1290.6 | 721.8 | 298.4 | 4213.5| 1519.4|1037.1 | 359.9 | 3951 |0.621° 0.7333; 95% CI (0.634-0.833); p< 0.01), while
LF normalized | 686 | 96 | 47 | 917 | 653 | 138 | 161 | 862 |0300°| it was not shown for HE. On that occasion,
HF 532.1 | 359.1 | 98.2 | 1466.1 | 945.8 | 1513.9| 10.7 | 8585.5 | 0.276¢ the best threshold value of the patient’s age
HF normalized | 27.9 9.2 121 51.2 31.7 | 19.81 4 127.9 |0.527¢ for predicting CS after ETS was determined,
LF/HF 29 1.4 1 6.7 2.7 1.42 0.8 0.334¢

which is 23.5 years, with a combination of

HR - heart rate; RR - relative risk; SDNN - standard deviation of normal RR intervals; NN - normal RR
interval; SDANN - standard deviation of all average five-minute RR intervals; RMSSD - square root of

sensitivity 0.82 and specificity 0.47.

the mean value of the square of the difference of successive RR intervals; pNN50% — the proportion
of adjacent normal RR intervals that differ by more than 50 ms; LF - low-frequency range of heart rate
variability; HF - high-frequency range of heart rate variability;

‘indepe!

Table 3. Mean age and frequency by sex in patients with and without compensatory sweating

ndent samples t-test

DISCUSSION

CS as the most frequent side effect of ETS was

Parameters | N Compensatory SV:(eating present in 39% of subjects (39/100), whereby it
" = o N o [ SDeS N % P was characterized as unpleasant by 9% (9/100)
ean ° | Yean : and disabling by 1% (1/100). The literature
Age (years) 2561 | 6.6 3259 | 9.45 <0.01° . .
reports a remarkably wide range in the preva-
Sex Male 35 | o4 22 1388 1 oo lence of CS, varying from 3% to 98%. CS has
Female 26 | 60.5 17 1395 | > Vatying )

*Mann-Whitney U test;

by? test

There were no statistically significant differences in the
mean patient age (p < 0.32), or in sex distribution and the
frequency of CS in relation to the type of PFH (p > 0.05)
(Table 1).

There was no statistically significant difference in the
mean values of the examined preoperative HRV param-
eters in patients with and without CS (p > 0.05) (Table 2).

Patients with CS were statistically significantly older
(p < 0.01). There was no statistically significant difference
in the sex distribution in patients with and without CS
(Table 3).

‘ DOI: https://doi.org/10.2298/SARH260608073E

been identified as the main culprit for patient
dissatisfaction after ETS [4]. Such a large inci-
dence range was a consequence of the unclas-
sified nomenclature, as well as the definition
of CS itself. In some studies, CS was reported exclusively
when it reached incapacitating levels, while others docu-
mented even a minimal subjective feeling of increased
sweating [5, 18, 19]. Many studies have indicated that the
degree of CS is directly proportional to the height of the
transection level of the sympathetic trunk, with a note that
the degree of CS is the highest with R2 transection [18,
19]. Our study was designed so that all sympathetic chain
transections were performed at the R3-R4 level precisely
to avoid an increased incidence of CS.
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Palmar-plantar Palmar-plantar-axillary
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8i00] Sweating

; ENo
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6,001 L

i

i -
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<2 >=I 2 <2 >=' 2
LF/HF Ratio

4,00

LF/HF Ratio
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Figure 2. Mean values of LF/HF ratio in groups according to the pres-
ence of compensatory sweating, in patients with different types of
hyperhidrosis; LF — low-frequency range of heart rate variability; HF
- high-frequency range of heart rate variability

Table 4. Univariate Cox regression for the prediction of compensatory
sweating, controlled for age

Variable RR 95% Cl p
Age (years) 1.11 1.05-1.18 <0.014
Gender 1.04 0.46-2.34 0.92¢
HR maximum 0.99 0.97-1.01 0.32¢
HR minimum 0.97 0.94-1.01 0.154
HR 0.99 0.94-1.04 0.67¢
SDNN (ms) 1.01 0.99-1.02 0.114
SDNN (125-149) (ms) 2.307 0.99-5.71 0.07¢
SDNN (> 150) pre (ms) | 2.069 0.84-5.11 1.15¢
NN (RR) 1.00 0.99-1.01 0.144
SDANN 1.00 0.99-1.01 0.59¢
RMSSD (ms) 0.82 0.99-1.01 0.82¢
PNN50% 0.99 0.98-1.01 0.91¢
LF (ms?) 1.00 1.00-1.00 0.07¢
LF normalized 0.98 0.96-1.01 0.23¢
HF 1.00 1.00-1.01 <0.01¢
HF normalized 1.01 0.99-1.03 0.08¢
LF/HF 0.97 0.75-1.23 0.77¢

HR - heart rate; RR - relative risk; SDNN - standard deviation of normal RR
intervals; NN - normal RR interval; SDANN - standard deviation of all average
five-minute RR intervals; RMSSD - the square root of the mean value of the
square of the difference of successive RR intervals; pPNN50% - the proportion
of adjacent normal RR intervals that differ by more than 50 ms; LF - low-
frequency range of heart rate variability; HF — high-frequency range of heart
rate variability; Cl - confidence interval;

dunivariate Cox regression

We believe that the degree of CS in our study is at a
satisfactory level, which is primarily a consequence of the
standardized operative technique, suitable selection of
patients for ETS and detailed preoperative information
provided to patients about potential side effects and com-
plications. It is interesting that the only patient with a dis-
abling form of CS was a 37-year-old male (recommended
age for CS prevention is 25 years) and that he suffered from
malaria in childhood.

An easily available, non-invasive predictor of CS would
greatly improve patient selection and the success of ETS.
Hyperstimulated sympathetic fibers responsible for sweat-
ing also partially innervate the heart. It makes sense to
examine the potential use of HRV as a diagnostic method
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for the prediction of CS. There are three types of HRV
measurement: ultrashort (under five minutes), short (five
minutes), and 24-hour measurement. These measurements
cannot be compared with each other due to different influ-
ences on the 24-hour measurement, which best reflects
the real situation [20, 21]. This is why we have used the
24-hour measurement of HRV.

The LF/HF ratio has been proposed as an indicator of
sympathovagal balance, with values of 0.5-2. Values over
two units are considered a consequence of pathological
SNS stimulation or parasympathetic nervous system (PNS)
inactivity, while values below 0.5 are a consequence of
pathological PNS stimulation [12, 20, 22]. We singled out
LE/HF as a parameter to determine whether CS is more
common in the group with sympathetic predominance
(LF/HEF = 2). It was determined that there is no difference
in the occurrence of CS in relation to LF/HF values. The
difference did not exist even when this group was divided
into PP and PPA PFH. The lowest measured value of LF/
HF in our study was 0.9. Consequently, not a single patient
had parasympathetic predominance, as expected, but all
were either in balance or in the zone of sympathetic pre-
dominance.

After the analysis of the HRV parameters to predict the
occurrence of CS, the existence of a statistically signifi-
cant correlation of HF with CS was established. However,
after ROC curve testing, significance was not obtained.
We identified only two studies that correlated HRV and
CS. Hyun et al. [23] do not report any HRV parameter as
a possible predictor of CS. Tiwari et al. [24] report HF as
a positive predictive factor for CS. Unlike our study, HF
prediction was not tested on ROC curves. Both studies
were performed with five-minute HRV recordings, which
is a major limitation.

Although none of the HRV parameters in our study can
be used to predict CS, we confirmed that CS is correlated
with age and that patients below 23 years of age have a lower
probability of CS. In current recommendations, an age be-
low 25 years is considered appropriate for ETS [3, 5, 8].

CONCLUSION

HRYV parameters cannot be used as predictors for the
occurrence of CS after bilateral thoracoscopic sympathi-
cotomy in persons suffering from PFH. Although the HF
parameter was singled out in our study as a potential pre-
dictive factor, after ROC curve testing, significance was
not obtained. Our study confirmed that the optimal age at
which to perform bilateral thoracoscopic sympathicotomy
is below 25 years, more precisely below 23.5 years.

Ethics: The study was approved by the Ethics Commission
of the Institute for Pulmonary Diseases of Vojvodina under
the number 6-VI/1 on December 9, 2021, and was con-
ducted in accordance with the principles of the Declaration
of Helsinki.

Conflict of interest: None declared.
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[a nun ce BapujabunHocT cpuaHe ppeKBeHLMje MoXKe KOPUCTUTK 3a npeaBuharbe
KOMMEH3aTOPHOT 3HOjetba HAKOH eHA0CKONCKE TOpPaKa/He CUMNATUKOTOMMjE KOA,
6onecHuKa ca npumapHoOm GOKaTHOM XUNEPXUAPO30M?

WBaH Eprenawes'?, MBaH Kyxajoa'? Credan Angpuh?, Camba Eprenawes?, AnekcaHapa Bynun'3, Cunuwa Makcumosuh'?,

CphaH laBpunosuh', Ypouw batpanosuh?, Mapko bojosuh', Hencu Jlanuh'

'YHueepautet y HoBom Cagy, MepuumHckmn dakyntet, Hosu Cag, Cpbuja;

2HcTuTyT 3a nnyhHe 6onectn BojsoguHe, KnuHuka 3a rpyaHy xupyprujy, Hosu Cag — Cpemcka Kameruua, Cp6uja;
3MHcTuTyT 33 KapanosackynapHe 6onectu BojsoamHe, KnuHuka 3a kapamonorujy, Hosu Cap - Cpemcka KameHuua, Cpbuja;
*UHcTnTyT 33 NNyhHe 6onectn BojoanHe, KnnHuka 3a ypreHtHy nynmonorujy, Hosn Cap - Cpemcka Kamennua, Cpbuja;
*WUHcTuTyT 33 oHKonorujy BojsoauHe, KnuHuka 3a pagujaumoHy oHkonorujy, Hosu Cag - Cpemcka Kamernua, Cpbuja;
/HcTUTYT 3a nnyfHe 6onectn BojsoanHe, KnuHuka 3a nnyhHy oHkonorujy, Hosu Cag - Cpemcka KameHuua, Cpbuja

CAMETAK

YBoa/Linmb Xvinepxmaposa je cTarbe NatonoLwKor npeKkoMepHor
3Hojerba Koje npeBa3sunasu ¢prsmonoLuke notpebe opraHmma
3a Tepmoperynaumjom. EHfocKoncKa TopakanHa CMMNaTUKoTo-
muja (ETC) npepacTaBiba yobruajeH HaumH neverba nprumMapHe
dokanHe xunepxugpose (MOX), anv Moxe [JOBECTU O NojaBe
KOMMEH3aTOPHOT 3HOjena (K3), Koje mpeacTaBba HheHy Hajue-
why noctonepatnBHy komnavkauujy. Linmb ose ctyguje 6uo je
[a ce NcnuTa Aa Ny napameTpu BapujabunHocTn cpuaHe dpe-
KBeHLuje Mory npeaBmaeTu nojasy K3.

MeTtope CnpoBeaeHa je NPOCNEKTVBHA jeHOLeHTPUYHA CTY-
IVvja Koja je obyxsaTuna 100 6onecHvika ca MNOX Koju cy nop-
BprHyTv ETC. NpeonepaTtnBHO je Koa cBUX 6onecHrKa ypaheH
24-yacoBHu xonTep EKI pagn npoueHe cTaHaapgHUX napame-
Tapa BapujabunHoctn cpuaHe dppekseHumje. ETC je n3sepeHa
npeceLiakbeM CUMMaTYKOr laHLa Ha HuBoy Tpeher (R3) n ye-
TBpTOr pebpa (R4), ykibyuyjyhu n nomohHa KyHuoBa BnakHa.
MeceL gaHa HakoH onepauwje npoLebnBaHn Cy NPUCYyCcTBO
n cteneH K3.
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PesynTatm K3 Huje 6uno nprcyTHo kog 61% 6onecHuka (p =
0,028). bnaro K3 6o je Hajuewhu o6nvik (p < 0,01). Huje yTBp-
HeHa cTaTMCTUKY 3HavajHa pasnuvka y aHanusmnpaHym npeone-
paTVBHVM NapameTprma BapujabrnnHoCcTi cpyaHe GpeKBeHLyje
nsmehy 6onecHuka ca K3 n 6e3 wera (p > 0,05), ykibyuyjyhn
KaTeropuje ogHoca LF/HF, Koje npeacTaBsbajy ypaBHOTEXEHY
AYTOHOMHY aKTUBHOCT (LF/HF < 2) n cumnaTtyky AOMUHaLWjy
(LF/HF = 2). AHanun3a ROC KpviBe nokasana je aa CTapocT nMa
CTaTUCTUYKM 3HaYajHy NPeAnKTUBHY TaYHOCT 3a nojaBy K3
(AUC 0,7333; 95% (1 0,634-0,833; p < 0,01), ca onTManHom
rpaHuyHom BpepHowhy o 23,5 roanHa (ceH3mTusHocT 0,82;
cneymnduyHoct 0,47).

3akrbyyak [apameTpu BapujabunHoOCTy cpuaHe ppeKkBeHLmje
He Mory noy3gaHo npefsuaeTy nojasy K3 HakoH bunatepanHe
ETC kop 6onecHuka ca MN®OX. Cryawja je notBpanna fa je ontu-
MarHa CTapocT 3a n3Bohetrbe onepauyje NCnoa 23,5 roamHe.
KrmbyuHe peunm: Breo-acrcTipaHa TopakasnHa XMpypruja; 3Ho-
jerbe; cumnaTeKkToMMja; ay TOHOMHW HEPBHU CUCTEM; MUHVMAHO
VHBa3UBHa Xvpypruja

www.srpskiarhiv.rs
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Functional results in surgical treatment of unstable
pertrochanteric fractures (AO/OTA A2) treated by
TRIGEN INTERTAN and DHS methods
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SUMMARY

Introduction/Objective Intertrochanteric fractures of the femur are one of the biggest public health
problems. This paper aims to determine the functional results and features of operative treatment of
unstable intertrochanteric femoral fractures.

Methods This retrospective study included 67 patients who were treated surgically for AO/OTA A2 pertro-
chanteric fractures at the Department of Orthopedic Surgery and Traumatology of the Kosovska Mitrovica
Clinical Hospital Center and at the Academician Prof. Dr. Milorad Mitkovi¢ Clinic for Orthopedic Surgery
and Traumatology of the Nis University Clinical Center. There were two groups of patients regarding the
fixation method used - the dynamic hip screw (DHS) group and the TRIGEN INTERTAN group.

Results Patients treated using the DHS method had a statistically confirmed longer operation time,
greater intraoperative blood loss, and longer hospitalization in relation to patients treated using the
TRIGEN INTERTAN method (p < 0.001). In contrast, patients from the TRIGEN INTERTAN group spent less
time in the intensive care unit and had more favorable radiological findings regarding fracture healing,
as well as better functional outcomes assessed by the Harris Hip Score and Barthel index, which were
also statistically significant. The peak-to-peak tip—apex distance was greater in the DHS group, with a
significant difference between the techniques (p = 0.019). According to the Charlson Comorbidity Index,
patients who were treated using the DHS method had more pronounced comorbidities (p = 0.022).
Conclusion Surgical treatment of unstable pertrochanteric fractures using intramedullary fixation with
TRIGEN INTERTAN is very safe and effective in all patients, especially in elderly patients with comorbidities.
Keywords: unstable; pertrochanteric; fractures; hip function

INTRODUCTION unstable trochanteric fractures caused by a

minor external force. Conversely, in younger
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Trochanteric fractures of the femur represent
a significant public health problem. They can
result in disability, reduced quality of life, and
increased incidence of mortality. The incidence
of intertrochanteric fractures is increasing due
to the growth of the elderly population as a re-
sult of improved living standards and advances
in modern medicine. It is estimated that 6.25
million people worldwide will sustain trochan-
teric fractures by the year 2050 [1].
Trochanteric fractures belong to the group
of extra-articular fractures and are one of the
most common injuries in the elderly popula-
tion, with approximately 90% occurring in
patients over the age of 65. The treatment of
trochanteric fractures is often challenging due
to the complexity of the fracture, the difficulty
in achieving anatomical reduction and stable
fixation, and the comorbidities of the patient.
Elderly patients with osteoporosis often have

people, intertrochanteric fractures mostly occur
as a result of high-energy force [2].

The AO/OTA classification is the most wide-
ly used classification of bone fractures, divid-
ing the trochanteric fractures (31-A) into three
main groups, which are further subdivided into
nine subtypes (Figure 1). Fracture type 31-Al
includes simple two-part fractures, while 31-A2
includes a separated lesser trochanter, without
(31-A2.1) or with additional comminution in
the intertrochanteric region (31-A2.2 and 31-
A2.3). Fractures of type 31-A3 pass through
the lateral femoral wall — defined as the lateral
cortex distal to the greater trochanter (distal to
the femoral ridge) [3]. A1 fractures are consid-
ered stable, while A2 and A3 are considered
unstable trochanteric fractures. The AO/OTA
classification distinguishes between pertro-
chanteric (Al and A2) and intertrochanteric
fractures (A3).
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Figure 1. Arbeitsgemeinschaft fiir Osteosynthesefragen (AO) classifica-
tion of intertrochanteric fractures

Internal fixation of trochanteric fractures can be extra-
medullary (dynamic hip screw (DHS), Selfdynamizable
Internal Fixator, etc.) and intramedullary (Gamma Nail,
TRIGEN INTERTAN, proximal femoral nail antirotation,
etc.) [4, 5].

The aim of this paper was to determine the function-
al results and features of surgical treatment of unstable
pertrochanteric fractures using DHS and the TRIGEN
INTERTAN short cephalomedullary nail.

METHODS

The research was performed as a retrospective study
and included 67 patients with unstable pertrochanteric
fractures that were treated surgically 2015-2022 at the
Department of Orthopedic Surgery and Traumatology of
the Kosovska Mitrovica Clinical Hospital Center (CHC)
and at the Academician Prof. Dr. Milorad Mitkovi¢ Clinic
for Orthopedic Surgery and Traumatology of the Nis§
University Clinical Center. There were two groups of pa-
tients regarding the fixation method used - the DHS group
and the TRIGEN INTERTAN group.

The Singh osteoporosis index was used to determine
the degree of osteoporosis. It consists of six groups (the
main role in the gradation of the degrees of osteoporosis is
played by the interruption of the main tension trabeculae):
grade 6 (all trabecular groups are present), grade 5 (the
main tension and main compression groups are empha-
sized), grade 4 (the main tension trabeculae are reduced),
grade 3 (the main tension trabeculae are interrupted op-
posite the greater trochanter. This grade indicates defini-
tive osteoporosis), grade 2 (the presence of only the main
compression trabeculae), grade 1 (the main compression
trabeculae are reduced).
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Postoperative X-ray follow-up was used to assess the
postoperative collodiaphyseal angle and tip—apex distance
(TAD).

The Harris Hip Score (HHS), as a commonly used score
to assess hip function, was measured over a period of six
to 12 months to represent long-term functional outcomes.
HHS is a rating scale with a total of 100 points (excellent,
> 90 points; very good, 80-89 points; good, 70-79 points;
and poor, < 70 points). This score includes pain, move-
ment, deformity, and function.

The Barthel scale/index is a scale that was used to mea-
sure performance in activities of daily living (ADL). Ten
variables describing ADL and mobility are scored, with
higher scores reflecting greater ability to function inde-
pendently six months after discharge from the hospital. We
have classified patients into five groups: 0-4 = complete
dependence; 5-12 = severe dependence; 13-18 = moderate
dependence; 19 = slight dependence.

Based on the Charlson Comorbidity Index (CCI) score,
the severity of comorbidity was categorized into three
grades: 1. mild (CCI scores of 1-2); 2. moderate (CCI
scores of 3-4); 3. severe (CCI scores > 5). It should also
be noted that the callus was analyzed on the radiological
image. Native X-rays were used for the analysis.

Also, it should be emphasized that intraoperative blood
loss was determined by the level of aspirated fluid in the
reservoir.

Statistical analysis

The data collected in the study were analyzed using
IBM SPSS Statistics 20 software. Descriptive parameters
were expressed as frequencies (n) and percentages (%).
Comparisons were performed using the x* test for cate-
gorical data, and the Mann-Whitney U test for continuous
data. Statistical significance was set at p < 0.05.

RESULTS

Descriptive data, including general data, clinical, radiologi-
cal, and functional parameters, are presented in Table 1.

Table 1. Baseline demographic and clinical characteristics among the
groups

Groups
- TRIGEN
Variabl
ariables INTERTAN [r?:j/s)] 3
[n (%)] B
Male 10(22.7%) | 6(26.1%)
Sex 0.759
Female 34(77.3%) | 17 (17.5%)
40-60years| 3(6.8%) 0
Age 61-80years| 17(38.6%) | 8(34.8%) | 0.382
>80years | 24(545%) | 15(65.2%)
A2.1 2(45%) | 8(34.8%)
?O/ OTA A22 26(59.1%) | 15(65.2%) | <0.001
racture type
A23 16 (36.4%) 0

AO - Arbeitsgemeinschaft fiir Osteosynthesefragen; OTA - Orthopaedic Trauma
Association
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The results indicated that there was no statistically sig-
nificant association between the type of surgery and pa-
tient gender, age, or the degree of osteoporosis. However, a
significant difference between the surgical method groups
was observed regarding blood transfusion - all transfu-
sions were administered to patients treated with DHS,
indicating greater intraoperative or postoperative blood
loss in these patients. Furthermore, the type of surgical
technique was significantly associated with the incidence
of long-term postoperative complications. Patients treat-
ed with the TRIGEN INTERTAN method experienced a
lower complication rate, whereas those who were treated
by DHS had a higher rate of adverse outcomes, delayed
healing, bone infections, and cut-out (Table 2).

Patients treated with the DHS technique had a statisti-
cally significantly longer duration of surgery, greater in-
traoperative blood loss and longer hospitalization than
patients treated with the TRIGEN INTERTAN method
(p < 0.001). In contrast, patients from the TRIGEN
INTERTAN group had more favorable radiological find-
ings regarding fracture healing, as well as better functional
outcomes assessed by the HHS and Barthel index, which
were also statistically significant. The peak-to-peak TAD
was greater in the DHS group, with a significant difference
between the techniques (p = 0.019) (Table 3).

According to the CCI, patients who were operated on
using the DHS technique had more pronounced comor-
bidities (p = 0.022).

Examination of the relationship between the type of
surgical method and AO/OTA fracture types revealed a
statistically significant correlation (p < 0.001). The results
confirm that in A2.2 and A2.3 fractures, surgeons more
often perform fixation with the TRIGEN INTERTAN im-
plant (Table 3).

DISCUSSION

These findings emphasize the clinical importance of se-
lecting an appropriate surgical technique, particularly in
relation to blood transfusion requirements and the pre-
vention of long-term complications. In contrast, factors
such as gender, age, and the degree of osteoporosis did not
significantly influence the choice of surgical intervention.
The mean age of all patients was 73.58 + 15.86 years,
ranging 62-97 years. A significant proportion of patients,
39 out of 67 (58.2%), were older than 80 years. The results
of our study are in line with several other studies [6, 7].
In our study, female patients accounted for 76.1% of all
cases. This result is consistent with Krishna et al. [8]. In
our study, it was found that A2.2 pertrochanteric fractures
were the most common, accounting for 61.2%, while A2.1
and A2.3 fractures were less common. These results are in
line with those of Murugan et al. [9]. In older people, tro-
chanteric fractures usually occur as a result of a fall, most
often with an indirect impact on the hip. Although the
traumatic force is of low intensity, most of these fractures
are multi-fragmentary and complex due to osteoporotic
changes in the skeletal system at various stages. Our study
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Table 2. Perioperative characteristics and postoperative outcomes

in all patients
Variable n (%)
Male 16 (23.9%)
Sex
Female 51 (76.1%)
A2.1 10 (14.9%)
AO/OTA A2.2 41 (61.2%)
A2.3 16 (23.9%)
o TRIGEN INTERTAN 44 (65.7%)
Fixation method
DHS 23 (34.3%)
No transfusion 44 (65.7%)
Blood transfusion 350 ml 17 (25.4%)
700 ml 6 (9%)
40-60 years 3 (4.5%)
Age 61-80 years 25(37.13%)
> 80 years 39 (58.2%)
No ICU 29 (43.3%)
ICU stay < 5days 0
> 5 days 38 (56.7%)
<20 mm 8(11.9%)
TAD 21-30 mm 52 (77.6%)
>30mm 7 (10.4%)
5-6 15 (22.4%)
cal 2-4 51(76.1%)
0-1 1(1.5%)
Severe osteoporosis 0
Moderate osteoporosis 4 (6%)
Singh score of Severe osteopenia 14 (20.9%)
osteoporosis Moderate osteopenia 30 (44.8%)
Mild osteopenia 17 (25.4%)
Normal bone 2 (3%)
Nonunion 2 (3%)
Malunion 4 (6%)
Long-term Bone infection 2 (3%)
complications Refracture 0
Cut-out 4 (6%)
No complication 55 (82%)
<70 0
e 71-80 0
81-90 18 (26.9%)
91-100 49 (73.1%)
<30 min 8(11.9%)
Operation time 31-60 min 41 (61.2%)
61-90 min 18 (26.9%)
Total dependence 0
Severe dependence 8(11.9%)
Dependence according | Moderate dependence | 17 (25.4%)
to the Barthel index Mild dependence
/ functional 42 (62.7%)
independence
. <100 ml 36 (53.7%)
:ggwperat"’e blood 450350 m 31 (46.3%)
>350 ml 0
Adequate mature 33 (49.3%)

Radiologically visible
callus at 24 weeks

callus visible

Visible immature callus

31 (46.3%)

No visible callus

3 (4.5%)

TAD - tip—apex distance; CCl - Charlson Comorbidity Index; AO - Arbeitsge-
meinschaft fiir Osteosynthesefragen; OTA — Orthopaedic Trauma Association;
HHS - Harris Hip Score; ICU - intensive care unit
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Table 3. Perioperative characteristics and postoperative outcomes among the

groups
Groups
Variables TRIGEN
! INTERTAN ol P
[n (%)]
[n (%)]
Severe osteoporosis 0 0
Moderate osteoporosis 2 (4.5%) 2 (8.7%)
Singh score of | Severe osteopenia 10 (22.7%) 4 (17.4%) 0.779
osteoporosis Moderate osteopenia 19 (43.2%) 11 (47.8%) ’
Mild osteopenia 11 (25%) 6(26.1%)
Normal bone 2 (4.5%) 0
5-6 14 (31.8%) 1(4.3%)
Cccl 2-4 29 (65.9%) | 22(95.7%) 0.022
0-1 1(2.3%) 0
Length of 7-10 days 40(90.9%) | 2(8.7%) 0001
hospital stay | 11-15 days 4(9.1%) | 21(91.3%) '
<30 min 8(18.2%) 0
Operation time | 31-60 min 36 (81.8%) 5(21.7%) | <0.001
61-90 min 0 18 (78.3%)

i <100 ml 32(72.7%) 4(17.4%)
Intraoperative > 100 ml <0.001
blood loss o (Y ’

(up to 350 ml) 12(27.3%) | 19(82.6%)
No 44 (100%) 0
Blood 350 ml 0 6(26.1%) | <0.001
transfusion
700 ml 0 17 (73.9%)
No ICU stay 26 (59.1%) 3(13%)
ICU stay <0.001
< 5days 18 (40.9%) 20 (87%)
<20mm 7 (15.9%) 1(4.3%)
TAD 20-30 mm 35(79.5%) | 17(73.9%) | 0.019
> 30 mm 2 (4.5%) 5(21.7%)
Nonunion 0 2 (8.7%)
Malunion 1(2.3%) 3(13%)
Long-term  — fg e infection 0 2(87%) | 0003
complications
Cut-out 1(2.3%) 3(13%)
No complication 42 (95.5%) | 13 (56.5%)
81-90 4(9.1%) 14 (60.9%)
HHS < 0.001
91-100 40 (90.9%) 9(39.1%)
Total dependence 0 0
Severe dependence 0 8 (34.8%)
Barthel Index <0.001
Moderate dependence | 5 (11.4%) 12(52.2%)
Mild dependence 39 (88.6%) 3(13%)
Adequate mature
Radiologically | callus visible 27 (61.4%) 6(26.1%)
visible callusat [ oo callus visible | 16 (36.4%) | 15 (65.2%) | °00°
24 weeks
No visible callus 1(2.3%) 2 (8.7%)

TAD - tip—apex distance; CCl — Charlson Comorbidity Index; HHS - Harris Hip Score;
ICU - intensive care unit

also found that type A2.2 fractures were more common in
female patients (45.7%), while A2.3 pertrochanteric frac-
tures were more common in cases resulting from high-
intensity force. Thus, it could be considered that A2.1 and
A2.2 pertrochanteric fractures occurred more frequently
in cases of low-intensity force.

In our study, we observed that 95.5% of all patients
achieved fracture union. This union rate is in line with
findings from other studies conducted by Yang et al. [10]
and Wang et al. [11]. This high rate of union can be attrib-
uted primarily to the rich blood supply in the trochanteric
area. Mature callus in the DHS group was radiologically
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visible in only 65.9% of the subjects. It should
be noted that the formation of radiologically
visible mature bone callus 24 weeks after
surgery was achieved more frequently with
INTERTAN than with DHS, which would sup-
port the generally faster callus maturation with
the INTERTAN method.

All 23 patients in the DHS group had re-
ceived blood transfusion during surgery with
a mean volume of 350 ml. Patients treated with
TRIGEN INTERTAN did not receive transfu-
sions. These results are consistent with the stud-
ies of Wang et al. [11] and Kassem et al. [12].

The patients included in our study didn’t
have complications such as device failure or
device malfunction. Regarding late compli-
cations, 56.5% of all cases had some kind of
postoperative complications (deep infection,
varus collapse, nonunion, malunion). The
complication rate was higher in the DHS group
(p < 0.05) and it should be emphasized that the
proportion of late complications in this study
was higher with DHS, probably due to the use
of DHS in pertrochanteric fractures with pro-
nounced comminution (A2.2). The large free-
dom of lag screw translation in DHS may be a
factor for later complications in A2.2 fractures.
In contrast to DHS, there are extramedullary
methods that have limited lag screw transla-
tion, as well as an additional anti-rotation or
additional screw (which DHS does not have),
as is the case with the Selfdynamizable Internal
Fixator, and it could be considered that not all
extramedullary methods will produce the same
results as DHS in these fractures. The immense
significance of the anti-rotational screw in the
Selfdynamizable Internal Fixator lies in its abil-
ity to achieve rotational stability, which serves
as an excellent predictor of faster and superior
fracture healing, particularly in these types of
fractures that are inherently highly unstable.
This finding aligns with the conclusions of
studies of Ciri¢ et al. [13] and Mitkovi¢ et al.
[14]. DHS has only one lag screw and is more
rotationally unstable compared to extramed-
ullary methods that include two lag screws or
one lag screw and one additional femoral neck

anti-rotation pin. These results match those of Rashid et
al. [15] and Shin et al. [16].

It should be noted that all patients survived the six-
month postoperative period.

The quality of life after surgery for a pertrochanteric
fracture depends on the degree of hip function recovery.
Compared to DHS, there was no statistically significant
difference between the two groups. However, in patients
with a trochanteric fracture, walking ability represents an
important outcome. It is widely considered that partial
weight bearing during walking can begin earlier after in-
tramedullary fixation than after fixation with DHS. In our
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study, most patients in the TRIGEN INTERTAN group
had an excellent score, while in the DHS group most pa-
tients had a good HHS. Such a large difference could be
influenced by the larger proportion of patients with comor-
bidities in the DHS group. Earlier weight bearing on the
operated leg reduces the risk of some complications, such
as decubitus ulcers, thromboembolism, and pneumonia.
Our results are in correlation with the study of Kang et al.
[17], who presented that most patients (140/168) in the
intramedullary group could start walking with crutches
or a walker within one week after surgery.

Our study showed that weight bearing on the operated
leg after fixation of a trochanteric fracture can generally
be initiated earlier when using TRIGEN INTERTAN than
when using DHS.

Functional independence was significantly higher in
the TRIGEN INTERTAN group (88.6%) compared to the
DHS group (13%). This difference could be influenced by
the larger proportion of patients with comorbidities in the
DHS group. So, we can safely say it is in complete correla-
tion with published data such as those of Smith et al. [18].

The peak-to-peak TAD values were generally higher in
the DHS group compared to the INTERTAN group, which
is most likely why there were more cut-outs in the DHS
group compared to the INTERTAN group, and thus this
study confirmed the importance of better intraoperative
TAD in the occurrence of cut-outs. Comparing the results
with the official literature and research conducted by Luo
et al. [19], we find that the results of these two studies are
in correlation with each other.

Regarding mature callus visibility 24 weeks after surgery,
we found that adequate mature callus was more often seen
radiologically in patients from the TRIGEN INTERTAN
group (61.4%) compared to the DHS group (26.1%). This
finding is in accordance with Zhou et al. [20], who found
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adequate mature callus to be visible in 65% of patients with
intramedullary fixation. Generally greater development of
callus in patients in the INTERTAN group can be influ-
enced by the rotatory stability of the proximal fragment of
the pertrochanteric fracture, which is less when using DHS
[20]. These results indicate a clinically relevant difference
in the course and outcome of treatment depending on the
chosen operative method.

CONCLUSION

In conclusion, it could be stated that the surgical treat-
ment of unstable pertrochanteric fractures by TRIGEN
INTERTAN can be followed by a lower need for blood
transfusion, earlier weight bearing on the operated leg,
higher hip function, and earlier radiological callus visibil-
ity, in relation to the treatment by DHS. However, it should
be noted that the final outcomes may also be affected by
the level of comorbidity and intraoperative TAD.

ACKNOWLEDGEMENT

The paper is part of a doctoral dissertation written by the
first author.

Ethics: In order to protect patient data, all data were en-
crypted and processed in accordance with the ethical prin-
ciples of privacy protection and based on the decisions of
the Ethics Committee of the Kosovska Mitrovica CHC,
No. 1039/25.02.2023 as well as the Ethics Committee of
the Ni§ UCC, No. 7380/15.03.2023.

Conflict of interest: None declared.

6.  Chen M, Wang J, Cheema AN, Yang S, Liu X. A bone-conserving
revision stem for unstable intertrochanteric fractures of the
geriatric osteoporotic population. Arthroplasty. 2022;4(1):48.
[DOI: 10.1186/542836-022-00151-6] [PMID: 36333743]

7. Al-DahanT, Murhekar S, Patel N. Treatment outcomes of
dynamic hip screws versus short intramedullary nails for extra-
capsular fragility hip fractures and their coding audit. Cureus.
2024;16(9):e68617. [DOI: 10.7759/cureus.68617] [PMID: 39233732]

8.  KrishnaV, Venkatesan A, Singh AK. Functional and radiological
outcomes of unstable proximal femur fractures fixed with
anatomical proximal locking compression plate. Cureus.
2022;14(5):224903. [DOI: 10.7759/cureus.24903] [PMID: 35719830]

9. Murugan PB, Mohideen S, Pradeep E, Kumar KVA, Pandian H,
Ashwin VY. Comparison of functional and radiological outcome
of unstable intertrochanteric femur fractures treated using PFN
and PFNA in patients with osteoporosis. J Orthop Case Rep.
2024;14(10):219-24. [DOI: 10.13107/jocr.2024.v14.i10.4870]
[PMID: 39381321]

10. YangF, Li X, Zhao L, Yang Q. Dual-screw versus single-screw
cephalomedullary nails for intertrochanteric femoral fractures:

a systematic review and meta-analysis. J Orthop Surg Res.
2023;18(1):607. [DOI: 10.1186/513018-023-04103-x]
[PMID: 37599361]

11. Wang C,Hou M, Zhang C, MaT, Li Z, Lin H, et al. Biomechanical
evaluation of a modified intramedullary nail for the treatment of
unstable femoral trochanteric fractures. Heliyon. 2024;10(8):e29671.
[DOI: 10.1016/j.heliyon.2024.29671] [PMID: 38660243]

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 490-495



Functional results in surgical treatment of unstable pertrochanteric fractures (AO/OTA A2) treated by TRIGEN INTERTAN and DHS methods

12.

13.

14.

15.

16.

Kassem E, Younan R, Abaskhron M, Abo-Elsoud M. Functional
and radiological outcomes of dynamic hip screw with
trochanteric stabilizing plate versus short proximal femoral nail in
management of unstable trochanteric fractures: a randomized-
controlled trial. Jt Dis Relat Surg. 2022;33(3):531-7.

[DOI: 10.52312/jdrs.2022.800] [PMID: 36345180]

Ciri¢ TC, Mitkovi¢ MM, Stojanovi¢ MJ. Hip function in
postoperative physical treatment after trochanteric fractures
intramedullary and extramedullary fixation. Srp Arh Celok Lek.
2025;153(7-8):375-9. [DOI: 10.2298/SARH240723055C]
Mitkovi¢ MM, Milenkovi¢ SS, Mici¢ ID, Kosti¢ IM, Stojiljkovi¢

PM, Mitkovi¢ MB. Hip function and health-related quality of

life in intramedullary and extramedullary internal fixation of
trochanteric fractures. Srp Arh Celok Lek. 2020;148(7-8):451-4.
[DOI: 10.2298/SARH200301029M]

Rashid RH, Zahid M, Mariam F, Ali M, Moiz H, Mohib Y.
Effectiveness of proximal femur nail in the management of
unstable per-trochanteric fractures: a retrospective cohort study.
Cureus. 2024;16(4):e58078. [DOI: 10.7759/cureus.58078]

[PMID: 38738121]

Shin WC, Lee SM, Moon NH, Jang JH, Choi MJ. Comparison

of cephalomedullary nails with sliding hip screws in surgical
treatment of intertrochanteric fractures: a cumulative

17.

20.

495

meta-analysis of randomized controlled trials. Clin Orthop
Surg. 2023;15(2):192-202. [DOI: 10.4055/cios22103]

[PMID: 37008962]

Kang MJ, Kim BR, Lee SY, Beom J, Choi JH, Lim JY. Factors
predictive of functional outcomes and quality of life in patients
with fragility hip fracture: a retrospective cohort study. Medicine
(Baltimore). 2023;102(7):e32909.

[DOI: 10.1097/MD.0000000000032909] [PMID: 36800622]

Smith L, Albersheim M, Blaschke BL, Parikh HR, Solfelt DA, Van
Heest AE, et al. Trend and economic implications of implant
selection in the treatment of intertrochanteric hip fractures: a
review of the American Board of Orthopaedic Surgery database
from 2007 to 2017.J Am Acad Orthop Surg. 2021;29(18):789-95.
[DOI: 10.5435/JAAOS-D-20-00470] [PMID: 33999883]

Luo W, Fu X, Ma JX, Huang JM, Wu J, Ma XL. Biomechanical
comparison of INTERTAN nail and Gammas3 nail for
intertrochanteric fractures. Orthop Surg. 2020;12(6):1990-7.
[DOI: 10.1111/0s.12853] [PMID: 33215879]

Zhou Y, Zhang X, Wei Y, Xu Y, Feng M, Wang C. Different

surgical interventions for unstable intertrochanteric fracture

of the femur: network meta-analysis. Medicine (Baltimore).
2024;103(37):39676. [DOI: 10.1097/MD.0000000000039676]
[PMID: 39287232]

®YHKLUMOHANHU PE3YNTaTU XMPYPLLKOT eYetba HECTaBUAHNX NePTPOXAHTEPHUX
npenoma (AO/OTA A2) metogama TRIGEN INTERTAN v DHS
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CAMETAK

YBoa/Lum ViHTepTpoxaHTepHU npenomn demypa jefaH cy of
HajBehux jaBHO3paBCTBEHNX Npobnema. Linm oBor paga 6mo
je pa ce ytBpae GyHKLUMOHaNHY pe3ynTaTi U KapakTepucTu-
Ke onepaTMBHOT Nleyerba HeCTabUMHUX MHTEPTPOXaHTEPHIX
npenoma demypa.

MeTtopae VicTpaxuBatbe je CIpoBeAEHO Kao PETPOCMEKTVBHA
CTyAvja Koja je obyxBaTtuia 67 60necH1Ka onepaTuBHO IeYeHNX
0f,2015. roguHe Ha Operberby 3a OpTONeACcKY XMpyprujy v Tpay-
matonorujy KnuHuyko-6onHuukor ueHtpa Kocoscka MutpoBu-
La 1 Ha KnuHnum 3a opToneacky Xupyprujy 1 TpaymaTtonorujy
+Akagemunk npod. ap Munopag MutkoBrh” YH1BEpP3UTETCKOR
KAVHWYKOT LieHTpa Huw. bonecHuum cy, npema nprvmerbeHoj
meToAn GpuKcauwje, bunu nofesbeHn y age rpyne — rpyny DHS
(Dynamic Hip Screw) v rpyny TRIGEN INTERTAN.

Pesyntatu bonecHuum neyeHn texHnkom DHS nmanu cy ctatu-
CTUYKM 3HAYajHO Ay>Ke Tpajarbe onepauuje, Behu nHTpaonepa-
TUBHW rybuTaK KpBU 1 Ay>Ky XOCMITanm3aLujy Hero 6onecHnum
neueHn metopom TRIGEN INTERTAN (ceu p < 0,001). Hacynpot

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 490-495

Tome, 6onecHnum n3 rpyne TRIGEN INTERTAN Hucy 6opaBunu Ha
Ofie/betby VHTEH3MBHE Here, anvi Cy UMasnu NoBoJbHUje paano-
NoLLKe Hanase y nornegy 3apacrtaka npenoma, kao n 6ome
ObYHKLMOHaNHe ncxope npouereHe XapmcoBuM CKOPOM 3a
KyK (Harris Hip Score) n baptenosum niaekcom (Barthel Index),
LWITO je Takohe 61no CTaTUCTUYKM 3HaYajHo. BpegHocT pacToja-
tba BpXx-anekc (tip-apex distance) 6una je Behay rpynu DHS, ca
CTaTUCTVNYKM 3HaYajHOM pa3nmkom nmehy TexHrka (p = 0,019).
lNpema YapncoHoBom nHaekcy komopbuguteta (Charlson
Comorbidity Index), 6onecHuLM Koju Cy oneprcaHn TEXHUKOM
DHS nmanu cy uspaxeHuje komopbugurete (p = 0,022).
3aksbyuak OnepaTrBHO leuere HecTabuHNX NHTePTPOXaH-
TePHUX NpesioMa MHTpamegynapHoM GpuKcaLnjom METOAOM
TRIGEN INTERTAN Beoma je 6e36eHO 1 edUKACHO KO CBUX
60necHNKa, NocebHo Koa cTapujrx 6onecHnka ca Komopou-
AUTETUMA.

KrbyuHe peun: HectabunHu; nepTpoxaHTePHY; Npenomu; GpyHK-
Lja Kyka
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SUMMARY

Introduction/Objective The aim was to evaluate the clinical, functional, and radiographic outcomes, as
well as implant survivorship, of primary total knee arthroplasty using a rotating hinge knee prosthesis
in complex primary knees.

Methods This single-center, retrospective observational cohort study included 32 patients (32 knees)
operated between December 1, 2023, and December 31, 2025. Primary outcomes were cumulative
implant survivorship (Kaplan-Meier analysis with revision for any cause as the endpoint) and complica-
tion rates. Secondary outcomes included functional scores using the Oxford Knee Score (OKS), range of
motion, coronal alignment correction via the mechanical femorotibial angle, and radiographic stability.
Results The median follow-up was 20.3 months. Surgical indications included primary (43.8%) and
secondary osteoarthritis (21.9%), post-traumatic arthritis (21.9%), neuropathic arthropathy (9.4%), and
proximal tibial nonunion (3.1%). Preoperative ligamentous instability was present in 87.5% of knees.
Cumulative 20-month implant survivorship was 87.5% (all four revisions occurred within five months
postoperatively due to early periprosthetic joint infection and wound complications; 0% aseptic loosen-
ing). The overall complication rate was 34.4%. Postoperatively, the mean OKS significantly increased from
13.25 + 5.62 t0 41.09 + 3.74 (AOKS = +27.84, p < 0.001), median range of motion increased from 70° to
115° (p < 0.001), and absolute coronal deformity (deviation from neutral biomechanical axis) decreased
from 23.9° to 2.36° (p < 0.001).

Conclusion Primary total knee arthroplasty with a rotating hinge knee implant provides excellent func-
tional recovery, robust early mechanical stability, and predictable deformity correction in complex primary
cases, though strict infection control and soft-tissue handling remain essential.

Keywords: total knee arthroplasty; rotating hinge knee; primary arthroplasty; survival analysis; func-
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tional outcome

INTRODUCTION

Total knee arthroplasty (TKA) represents one
of the most successful and frequently per-
formed surgical procedures in modern ortho-
pedic surgery. The primary objective of this
intervention is pain reduction, correction of
deformity, restoration of joint function, and
improvement in quality of life for patients
with end-stage degenerative joint disease. The
most common indication for TKA is advanced
primary osteoarthritis, but the procedure is
also increasingly utilized in inflammatory
arthropathies, post-traumatic arthritis, avas-
cular necrosis, and other conditions leading
to joint destruction. Advances in implant
design, refinements in surgical technique,
optimized perioperative care, and standard-
ized rehabilitation protocols have significantly
contributed to the reliability and durability of
TKA. In modern literature, TKA is universally
recognized as a procedure that yields substan-
tial functional recovery in the vast majority of
cases [1, 2, 3].

Alongside objective clinical and radio-
graphic parameters, patient-reported outcome
measures have emerged as essential indicators
of therapeutic success and functional recov-
ery following primary TKA [1-4]. Validated
joint-specific instruments, such as the Oxford
Knee Score (OKS), provide direct insight into
postoperative pain relief, joint function, and
the restoration of daily activities from the pa-
tient’s perspective [1, 2, 3]. Nevertheless, the
magnitude of functional improvement varies
depending on preoperative deformity sever-
ity, baseline pain intensity, functional status,
medical comorbidities, and postoperative
complications [1-5]. Suboptimal outcomes
are most frequently linked to persistent pain,
stiffness, joint instability, or complications
requiring secondary surgical intervention [1,
2, 5]. Consequently, meticulous preoperative
evaluation, realistic patient counseling, and in-
dividualized surgical planning are paramount
when managing complex knee pathology [3, 5].

The success of primary TKA relies not
only on implant selection but also on precise
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mechanical axis alignment, soft-tissue balancing, and
joint stability throughout the full arc of motion [6, 7, 8]. In
standard primary cases, unconstrained implants (such as
posterior-stabilized or cruciate-retaining designs) are rou-
tinely employed to approximate physiological kinematics.
However, a distinct subset of patients presents with com-
plex primary pathology [6, 7, 8]. This challenging cohort
includes patients with severe fixed varus or valgus deformi-
ties, gross collateral ligament insufficiency, massive bone
loss, post-traumatic structural alterations, neuromuscular
disorders, ankylosis, or joint hyperlaxity [6, 7, 8]. In these
scenarios, standard unconstrained implants fail to provide
adequate primary stability and predictable outcomes [6, 7,
8]. Collateral ligament incompetence cannot be addressed
solely by soft-tissue releases, forcing the surgeon to select
an implant constraint level that matches the anatomical
and functional severity of the defect to compensate for
irreversibly compromised soft-tissue envelope [6, 7, 8].
Inadequate constraint predisposes to catastrophic post-
operative instability, whereas excessive constraint trans-
fers increased mechanical stresses to the bone-implant or
bone-cement interfaces [8, 9, 10]. Therefore, implant selec-
tion represents a critical determinant of surgical success
in complex primary TKA [6-10].

Rotating hinge knee (RHK) prostheses were specifically
developed to provide mechanical stability when native
joint stabilizers are severely compromised [6-10]. Unlike
early fixed-hinge mechanisms, modern RHK systems
incorporate a mobile-bearing rotational axis that allows
controlled axial rotation alongside flexion and extension
[8, 9, 10]. The rotational mechanism is designed to re-
duce torsional stress transmission to the fixation interfaces
compared with fixed-hinge designs [8, 9, 10]. In primary
TKA, the application of an RHK implant is non-routine
and strictly reserved for well-defined, complex clinical
indications [6-10]. Most common indications comprise
gross ligamentous instability, severe uncorrectable coro-
nal deformities, massive flexion-extension gap mismatch,
severe bone loss, and conditions where stability cannot
be achieved with less constrained implants [6-10]. In
such patients, an RHK construct facilitates safe struc-
tural reconstruction, adequate immediate stability, and
early functional mobilization [6-10]. This is particularly
advantageous in elderly or frail patients with poor soft-
tissue quality, in whom postoperative instability would
carry devastating clinical consequences [6, 7, 8]. However,
because RHK implants represent the highest degree of
constraint, their use requires strict adherence to surgical
indications [8, 9, 10]. Potential disadvantages — such as
increased stress transfer, risk of periprosthetic joint infec-
tion (P]JI), aseptic loosening, and technically demanding
future revisions — must be carefully weighed [8, 9, 10].

Recent literature demonstrates that when utilized in ap-
propriately selected primary cases, modern RHK implants
achieve favorable mid-term survivorship and remarkable
clinical improvement [6, 7, 9, 10]. However, most avail-
able evidence stems from heterogeneous cohorts that com-
bine revision and primary procedures, leaving a distinct
knowledge gap regarding the performance and specific
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early failure modes of RHK implants exclusively in non-
revision, complex primary settings [6, 7, 9, 10]. These
outcomes are particularly encouraging given that using
standard implants in these complex cases would carry a
high risk of immediate failure or persistent instability [6, 7,
9, 10]. Functional outcomes in this cohort should be inter-
preted relative to severe baseline deformity and ligamen-
tous loss rather than benchmarked against uncomplicated
primary TKA [6, 7, 8]. Thus, RHK prostheses represent a
valuable option in complex reconstructive knee surgery,
yet further dedicated single-center evaluations in strictly
primary cohorts are needed to better define their early
complication profile and functional trajectory [6-10].
Evaluating institutional experience with RHK implants in
primary TKA is of great practical value to further clarify
surgical indications, expected clinical outcomes, and po-
tential failure modes in challenging patient populations
[6-10]. The aim of this study was to evaluate short-term
implant survivorship, complications, functional outcomes,
range of motion (ROM), coronal alignment, and radio-
graphic stability following primary TKA with an RHK
implant in patients with complex primary knee pathology.

METHODS
Study design and source data

This retrospective, single-center, observational cohort
study evaluated the clinical, functional, and radiographic
outcomes of patients who underwent primary TKA us-
ing an RHK prosthesis between December 1, 2023, and
December 31, 2025. Final clinical and radiographic follow-
up data collection was concluded on July 1, 2026, ensuring
that all included patients - including the most recently op-
erated cases — had at least six months of potential follow-
up time to evaluate early outcomes and survivorship. All
patients were tracked continuously from the index surgery,
and those experiencing early adverse events or revisions
remained within longitudinal institutional follow-up. Data
were extracted retrospectively from the institutional elec-
tronic health information system, incorporating inpatient
medical records, operative protocols, anesthesia records,
discharge summaries, and outpatient follow-up notes.

Patient selection criteria

Inclusion criteria were: 1) patients aged > 18 years at index
surgery; 2) primary TKA utilizing an RHK prosthesis; 3)
surgical indication defined as severe end-stage knee joint
degeneration accompanied by gross coronal plane defor-
mity, massive bone defects, and/or severe collateral liga-
ment instability; 4) minimum clinical and radiographic
follow-up of six months.

Exclusion criteria were: 1) revision TKA; 2) resection
arthroplasty for oncological indications (tumor mega-
prostheses); 3) active local or systemic infection at index
surgery; 4) incomplete medical records lacking primary
outcome parameters.
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Study variables and clinical evaluation

Collected variables were categorized into three chronologi-
cal phases: preoperative, intraoperative, and postoperative
parameters. Preoperative variables included demographic
characteristics, American Society of Anesthesiologists
(ASA) physical status classification, and Charlson co-
morbidity index. Clinical characterization incorporated
primary surgical indication, history of prior ipsilateral
non-arthroplasty knee surgeries, and type of joint insta-
bility (isolated coronal/mediolateral, isolated sagittal/an-
teroposterior, or global/multiligamentous). Preoperative
functional status was evaluated using the OKS, and ROM
was measured using a standard goniometer. Full-length
weight-bearing standing radiographs were analyzed to
measure the preoperative mechanical femorotibial angle
(mFTA), with positive values denoting valgus deformity
and negative values denoting varus deformity.
Intraoperative variables recorded included type of an-
esthesia, application of modular metal augments or au-
tologous bone grafts, stem fixation technique (cementless,
cemented, or hybrid), and polyethylene liner thickness
(mm). Postoperative variables comprised final follow-up
OKS, maximum ROM following rehabilitation, postopera-
tive mFTA, and detailed serial radiographic evaluation.

Surgical technique and perioperative protocol

Surgeries were performed under general or spinal anes-
thesia after adequate medical optimization. All procedures
were carried out by a dedicated team of 10 fellowship-
trained orthopedic specialists with extensive expertise
in knee arthroplasty. Following standard positioning, an
anterior midline skin incision was performed, followed by
a medial parapatellar arthrotomy. Upon joint exposure,
the preoperative decision for an RHK implant (Rotating
Hinge Knee, RHK®, Zimmer Biomet, Warsaw, IN, USA)
was confirmed intraoperatively.

Distal femoral and proximal tibial resections were ex-
ecuted using dedicated intramedullary and extramedullary
alignment guides, adhering to planned resection angles
and depths. Bony defects were reconstructed using modu-
lar metal augments or autologous bone grafting according
to surgeon preference. Following medullary canal prepara-
tion and trial component placement, joint kinematics, gap
balance, and hinge stability were verified through a full arc
of motion. Final components were implanted using bone
cement, obligatorily over resected articular surfaces, and
optionally along medullary canal extensions depending
on stem fixation protocol. Pulsatile lavage irrigation was
performed, and the wound closed in anatomical layers.

Prophylactic first-generation cephalosporins were ad-
ministered until the first postoperative day. Venous throm-
boembolism prophylaxis with low-molecular-weight
heparin was maintained for five weeks postoperatively.
Structured physical therapy commenced on the first post-
operative day and was finalized at inpatient rehabilitation
centers after hospital discharge.
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Radiographic evaluation

Serial anteroposterior and lateral knee radiographs
obtained at final follow-up were evaluated by two in-
dependent orthopedic surgeons not involved in index
operations. Radiographic assessment aimed to detect ra-
diolucent lines > 2 mm according to modern Knee Society
zones, component migration, osteolysis, or aseptic loosen-
ing. Mechanical alignment correction was determined by
comparing preoperative and postoperative mFTA values.

Study outcomes

Primary outcomes were implanting survivorship - defined
as time (in months) from index surgery to revision surgery
for any cause (involving exchange or removal of any com-
ponent, including the liner) — and complication rates, cat-
egorized as intraoperative, early postoperative (< 90 days),
or late postoperative (= 90 days).

Secondary outcomes included functional score im-
provement (mean absolute change in OKS, AOKS), gain
in ROM, mechanical axis correction (absolute change in
mFTA), and incidence of radiographic instability or loos-
ening.

Statistical analysis

Statistical analysis was performed using SPSS version 27.0
(IBM Corp., Armonk, NY, USA). Continuous variables
were evaluated for normality using the Shapiro-Wilk test.
Normally distributed continuous variables are presented
as mean * standard deviation (m + SD); non-normally
distributed continuous variables are presented as median
with interquartile range (IQR). Categorical variables are
reported as frequencies and percentages (n, %).

Preoperative and postoperative continuous metrics
(OKS, ROM, mFTA) were compared using the paired
t-test for parametric data or Wilcoxon signed-rank test
for non-parametric data. Time-to-event data were ana-
lyzed using the Kaplan-Meier survival analysis method,
calculating cumulative survivorship with 95% confidence
intervals (CI), setting revision for any cause as the pri-
mary endpoint. To identify independent risk factors for
revision, variables demonstrating a univariate statistical
trend (p < 0.10) were entered into a Cox proportional
hazards regression model, calculating hazard ratios with
95% ClIs. A two-tailed p < 0.05 was considered statistically
significant.

RESULTS

Demographics and preoperative patient profile
Out of 3921 primary total knee arthroplasties performed at
our institution between December 1, 2023, and December
31, 2025, a total of 32 patients underwent primary TKA
utilizing an RHK prosthesis. The mean age of the cohort

was 67.34 * 10 years (range: 42-82 years), with a marked
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female predominance (25 females vs. 7 males; 78.1% vs.
21.9%). The median postoperative follow-up was 20.33
months (IQR: 9-24.75 months).

Primary surgical indications comprised primary os-
teoarthritis (n = 14; 43.8%), secondary osteoarthritis (n
=7;21.9%), post-traumatic arthritis (n = 7; 21.9%), neu-
ropathic arthropathy (n = 3; 9.4%), and nonunion of the
proximal tibia (n = 1; 3.1%). Preoperative ligamentous
instability was confirmed in 28 patients (87.5%), most
commonly presenting as coronal/mediolateral instability
(n = 18; 56.3%) or global multiligamentous instability (n
=9; 28.1%), whereas isolated sagittal instability was noted
in a single case (3.1%). Regarding comorbidity indices,
the majority of patients belonged to ASA physical status
Class IT (n = 15; 46.9%) or Class III (n = 14; 43.8%), with
amedian Charlson comorbidity index of three (IQR: 2-5).
Complete demographic and baseline data are detailed in
Table 1.

Table 1. Demographic and preoperative patient baseline profile (n = 32)

o . Value/distribution
(n=32)

Age at index surgery

(years), mean = SD (range) 67.34£10(42-82)

Follow-up duration (months), median (IQR) 20.33 (9-24.75)

Charlson comorbidity index, median (IQR) 3(2-5)

Prior non-arthroplasty knee surgeries, . 0

median (IQR) 0 (0-0) (range: 0-7)

Gender, n (%)

«Male (1) 7 (21.9%)

- Female (2) 25 (78.1%)

Surgical side, n (%)

«Right (1) 13 (40.6%)

« Left (2) 19 (59.4%)

American Society of Anesthesiologists

R o

::Icalzsslsfllcatlon status, n (%) 3 (9.4%)

+ Class Il 15 (46.9%)

«Class I 14 (43.8%)

Primary surgical indication, n (%)

« Primary osteoarthritis (1) 14 (43.8%)

- Secondary osteoarthritis (2) 7 (21.9%)

« Post-traumatic osteoarthritis (3) 7 (21.9%)

- Neuropathic osteoarthritis (4) 3 (9.4%)

« Proximal tibial nonunion (5) 1(3.1%)

Preoperative knee instability profile, n (%)

- No instability (0) 4(12.5%)

« Coronal / mediolateral (1) 18 (56.3%)

« Sagittal / anteroposterior (2) 1(3.1%)

- Global / multiligamentous (3) 9 (28.1%)

Surgical and intraoperative parameters

Spinal anesthesia was administered in 26 patients (81.2%),
and a tourniquet was utilized in 22 operations (68.8%).
Bone defect reconstruction was required in nine cases
(28.1%): modular femoral augments were used in three
patients, tibial augments in three patients, and autologous
bone grafting for tibial defects in three patients. Bony de-
fect reconstruction was performed using modular metal
augments or autologous bone grafting based on defect
geometry, intraoperative surgeon judgment, and implant
augment availability; specifically, bone grafting was chosen
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Kaplan-Meier Survival Curve (Endpoint: Revision for Any Cause)
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Figure 1. Kaplan-Meier survival curve for rotating hinge knee (RHK)
in primary total knee arthroplasty, in months

in three tibial defect cases due to augment non-availability
in two instances and superior anatomical conformity of
the graft to the defect shape in the third.

Cementless stem fixation was predominantly utilized
(n =27; 84.4%). Cemented fixation of both femoral and
tibial stems was performed in four cases (12.5%), where-
as hybrid fixation (cementless femoral / cemented tibial
stem) was used in one patient (3.1%). The most frequently
implanted polyethylene liner thickness was 12 mm (n = 25;
78.1%), with an overall liner thickness range between
12 mm and 20 mm.

Implant survivorship (primary outcome)

The primary endpoint was defined as cumulative RHK
construct survivorship free from revision surgery for any
cause (exchange or removal of any component, including
the polyethylene insert). Cumulative 20-month implant
survivorship was 87.5% (Figure 1).

All revisions (n = 4) occurred early — within the first
five months postoperatively; no late mechanical failures
requiring revision were observed during follow-up. Two
patients with early PJI underwent “DAIR” protocol (de-
bridement, antibiotics, and implant retention) with poly-
ethylene liner exchange. In one patient who had under-
gone primary TKA combined with open reduction and
double-plate internal fixation for a pre-existing proximal
tibial fracture, “DAIR” protocol was performed along with
partial hardware removal due to superficial wound dehis-
cence. In one case of early PJI accompanied by femoral
component instability, a two-stage revision was success-
fully executed, with complete implant removal and tem-
porary placement of an antibiotic-impregnated cement
spacer in the first stage.

Complication profile and radiographic status

The overall postoperative complication rate was 34.4%
(n = 11). Intraoperative complications occurred in two
patients: partial avulsion of the patellar tendon insertion
(repaired intraoperatively using bioabsorbable suture an-
chors) and an iatrogenic femoral shaft fracture (identified
on immediate postoperative radiographs and managed
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Table 2. Chronological distribution of postoperative complications and treatment strategies

Time window Observed complication type (n)

Re-operation / treatment strategy

Intraoperative
(n=2)

- Periprosthetic femur fracture (n = 1)

« Partial patellar tendon avulsion (n=1)

- Identified postoperatively; treated nonoperatively with cast
immobilization
« Repaired intraoperatively with anchors; no secondary revision

Early postoperative
(<90 days) (n=8)

- Early periprosthetic joint infection
(n=6)

« Periprosthetic femur fracture (n=1)
- Peroneal nerve palsy (n=1)

- Revision required (n = 4): three cases treated via debridement,
antibiotics, and implant retention with liner exchange; one case
treated via two-stage revision with spacer; two cases successfully
treated with IV antibiotics alone

- Managed nonoperatively

- Complete functional recovery at six months with physical therapy

Late postoperative
(=90days) (n=1)

- Lateral patellar subluxation (n=1)

- Managed nonoperatively

Radiographic failures - Aseptic loosening, osteolysis, or

component migration (n =0)

- Zero events (0%) observed across the entire cohort during
follow-up

Table 3. Preoperative vs. postoperative clinical, functional, and alignment parameters

Outcome parameter Preoperative status Postoperative status Absolute change (8) P

Oxford knee score mean + SD 13.25+5.62 41.09+3.74 +27.84+7.38 <0.001
Range of motion median (IQR) 70° (65°-80°) 115°(110°-120°) +45° <0.001
Mechanical femorotibial angle mean + SD 13.48° + 26.36° 6.8° + 2.86° Variable <0.001

conservatively with cast immobilization and restricted
weight-bearing).

Early postoperative complications (< 90 days) devel-
oped in eight cases, dominated by early PJI (n = 6). Among
these, four cases required surgical revision (as detailed
above), whereas two cases were successfully eradicated
using targeted intravenous antibiotic therapy alone. Early
complications also included one post-traumatic distal fem-
oral periprosthetic fracture (managed nonoperatively) and
one transient peroneal nerve palsy that achieved complete
recovery after six months of physical therapy. Late compli-
cations (= 90 days) occurred in a single patient as lateral
patellar subluxation, which was managed conservatively.

Serial radiographic analysis at final follow-up revealed
no progressive radiolucent lines (> 2 mm according to
Knee Society criteria), nor any signs of aseptic loosening,
osteolysis, or component migration in any case. A chrono-
logical summary of complications and surgical manage-
ment strategies is presented in Table 2.

Functional outcomes and alignment correction

Following operative treatment and complete physical reha-
bilitation, highly significant statistical improvements were
recorded across all functional metrics. The mean OKS rose
significantly from a preoperative baseline of 13.25 + 5.62
to a postoperative mean of 41.09 * 3.74, representing an
absolute functional gain of AOKS = +27.84 + 7.38 points
(p <0.001). ROM likewise demonstrated a statistically sig-
nificant increase, with the median arc expanding from 70°
preoperatively to 115° postoperatively (p < 0.001).

The RHK system demonstrated exceptional capability
in correcting severe coronal alignment deformities. The
raw preoperative mean mFTA was 13.48° + 26.36°, which
was corrected to a mean postoperative anatomical align-
ment of 6.8° £ 2.86° valgus. To account for mathematical
cancellation of opposing deformities (varus vs. valgus),
paired t-testing was performed on the absolute deviation

‘ DOI: https://doi.org/10.2298/SARH260724075S

from target neutral alignment (6° valgus). Absolute coro-
nal plane deformity improved significantly from a pre-
operative mean of 23.9° to a postoperative mean of 2.36°
(t=9.42,p <0.001). Preoperative and postoperative func-
tional scores, ROM, and alignment values are summarized
in Table 3.

DISCUSSION

RHK prostheses represent the highest level of implant con-
straint in knee arthroplasty, where construct stability de-
pends entirely on the mechanical hinge linkage rather than
on native joint stabilizers such as collateral or cruciate liga-
ments. Historically, RHK designs were reserved strictly for
complex revision TKAs characterized by massive bone de-
fects and uncorrectable instability. First-generation hinged
prostheses suffered from unacceptably high mechanical
failure rates, driven by intense stress transmission to the
bone-implant-cement interface, which resulted in early
aseptic loosening [11]. Second-generation designs intro-
duced a rotating axis that accommodated axial rotation on
the tibial plateau, significantly attenuating torsional shear
stresses on the host bone. Third-generation systems fur-
ther incorporated modular stem options, anatomical patel-
lofemoral trochlear kinematics, highly conformal polyeth-
ylene inserts, and modular metal augments for joint line
restoration and bone defect reconstruction [12].

These design refinements have broadened the clinical
application of RHK implants to encompass complex pri-
mary TKAs. Neuhaus and Maier [7] recently confirmed
that while RHK constructs were historically limited to sal-
vage procedures, contemporary design iterations provide
safe and predictable primary joint reconstruction when
native collateral ligaments are non-functional. Our cohort
achieved favorable 20-month cumulative RHK survivor-
ship of 87.5% in complex primary knees. Furthermore, pa-
tients demonstrated a dramatic functional improvement,
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Figure 2. Functional Oxford knee score (OKS) and range of motion (ROM) improvement after rotating hinge knee primary total knee arthroplasty

Figure 3. Preoperative X-ray of 67-year-old female patient with severe
posttraumatic osteoarthritis, valgus deformity and antero-posterior
instability (left); postoperative X-ray after primary total knee arthro-
plasty with rotating hinge knee (right)

evidenced by a mean AOKS gain of +27.84 points and
complete elimination of preoperative joint laxity. These
findings closely mirror the landmark findings by Puri et
al. [6] from the Hospital for Special Surgery, who reported
a 95% five-year reoperation-free survivorship and 100%
survivorship free from aseptic loosening in 54 complex
primary RHK cases. These collective findings underscore
that RHK prostheses are no longer limited to revision sal-
vage, but represent a crucial primary option when native
joint stabilizers are irreversibly lost [6, 7].

Reported mid- and long-term survivorship rates for
RHK implants in primary settings vary considerably across
the literature depending on follow-up duration and the
specific definition of endpoints (all-cause revision vs. re-
operation) [9, 13-16]. In a comprehensive meta-analysis
of 6554 primary knees, Abdel Khalik et al. [9] demon-
strated a five-year revision-free survival rate of 93.8%
and a 10-year survival rate of 91.5%, establishing robust
global benchmarks for primary RHK implants. Similarly,
von Hintze et al. [14] documented a 10-year survivorship
0f 91.6% in a dedicated primary cohort of 106 knees, while
Schaible et al. [13] reported a 100% implant survival rate
at a mean follow-up of 32 months. Conversely, some older
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series reported guarded outcomes, with five-year survival
dropping as low as 52% [15]. In the longest single-center
series (13.5 years mean follow-up), Kendoff et al. [16]
demonstrated that younger age (< 60 years) and preop-
erative valgus deformity significantly increased revision
risk (13.5-year survival of 96% in severe varus vs. 64%
in valgus knees). In this context, our observed revision-
free survivorship of 87.5% reflects an early- to mid-term
observation window (median follow-up of 20.3 months);
although direct comparison with five- and 10-year register
benchmarks is limited by this time horizon discrepancy,
our early trajectory is encouraging, and longer longitu-
dinal follow-up is warranted to confirm whether these
results remain comparable over the long term.

A paramount finding in our study is the complete ab-
sence of aseptic component loosening, osteolysis, or com-
ponent migration (0%) throughout the follow-up window.
While this is partially attributable to the short follow-up
duration, it highlights the mechanical efficacy of modern
RHK mechanisms combined with long stem extensions
in dissipating torsional shear loads at the bone-implant
interface [6]. Cottino et al. [17] corroborated this me-
chanical durability, demonstrating an exceptionally low
10-year cumulative revision rate for aseptic loosening of
just 4.5% across 408 RHK knees. Furthermore, Moussa et
al. [18] confirmed that intramedullary stem extensions in
constrained primary TKA significantly enhance construct
rigidity and eliminate early mechanical failure compared
to non-stemmed constrained designs. Our experience
aligns with Kowalczewski et al. [19], who achieved 100%
10-year survival free from mechanical loosening using hy-
brid press-fit long stems, and Spranz et al. [8], who proved
in a dedicated cohort that adding metaphyseal modular
interfaces to RHK stems does not compromise primary
fixation stability (p = 0.072).

Etiological and chronological analysis of our failures
(n = 4 revisions) demonstrates that implant loss was driv-
en exclusively by early PJI and soft-tissue healing problems
rather than mechanical loosening or material fatigue (all
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revisions occurred within five months postoperatively).
Severe preoperative deformities, prolonged operative
times, and compromised host health (high ASA physi-
cal status and comorbidity indices) render this patient
population highly vulnerable to infectious complications
[11, 20]. In their meta-analysis, Abdel Khalik et al. [9]
showed an overall rate of complications requiring revi-
sion of 7.4%, with the most common causes being infec-
tion (2.6%), aseptic loosening (1.2%), and periprosthetic
fracture (1.1%). PJI as the dominant early failure mode is
further corroborated by Bruce et al. [12], who evaluated
53 RHK implants at a mean 7.6-year follow-up and con-
firmed that soft-tissue complications and PJI represent the
primary causes of early secondary intervention, as well as
Rougquette et al. [20], who emphasized that septic risks are
substantially heightened in patients with prior non-arthro-
plasty surgeries and compromised soft-tissue envelopes.
Furthermore, given the extreme deformities and extensive
posterior capsular releases frequently required in complex
primary RHK TKA, meticulous intraoperative dissection
is mandatory to avoid catastrophic neurovascular com-
plications, such as iatrogenic popliteal artery injury [21].

Functional recovery in our cohort was remarkable,
characterized by a dramatic increase in mean OKS (from
13.25 + 5.62 preoperatively to 41.09 £ 3.74 postopera-
tively) and expansion of median ROM to 115°. This high
functional ceiling is facilitated by the primary TKA setting,
where periarticular soft tissues are well preserved, unlike
in revision TKA [11, 20, 22]. In a prospective matched-
pair analysis comparing primary RHK directly against
standard primary TKA, Schaible et al. [13] demonstrated
that primary RHK achieved statistically superior postop-
erative ROM (mean 126°) compared to matched standard
TKA (117°, p = 0.012), alongside complete elimination
of mediolateral laxity (which was present in 26% of stan-
dard primary TKAs). Our mean postoperative ROM of
115° matches the findings of Hecker et al. [11], while our
postoperative OKS score of 41.09 aligns with contempo-
rary patient-reported outcome expectations highlighted in
recent meta-analyses by Park et al. [5] and matched-pair
satisfaction studies by Vogel et al. [2].

The geometric restoration of limb alignment (reduc-
ing absolute coronal deviation from 23.9° preoperatively
to 2.36° postoperatively) highlights the biomechanical
superiority of the RHK construct. Hecker et al. [11] em-
phasized that severe uncorrectable coronal deformities
constitute a primary indication for RHK implantation.
Our radiographic results align with Kendoff et al. [16],
confirming that primary RHK provides exceptional align-
ment correction in severe varus deformities (96% long-
term survival), while emphasizing that younger valgus
patients require rigorous surgical precision and vigilant
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monitoring. Furthermore, as demonstrated by DeFrance
et al. [3] and Singh et al. [1], restoring joint stability and
overall mechanical alignment in complex primary knees
directly correlates with achieving modern patient satisfac-
tion rates above 85-90%.

Long-term surveillance remains essential given the
systemic frailty of this cohort. In their 15-year landmark
study, Yang et al. [23] noted that despite an 87% implant
survival rate, 100% of primary RHK patients eventually
required ambulatory gait aids (canes or walkers), with a
cumulative late PJI rate of 14%. This indicates that reduced
patient mobility in long-term follow-up is frequently
driven by systemic, neurological, or medical comorbidity
progression rather than mechanical TKA failure, which
must be clearly communicated during preoperative patient
counseling [6, 23, 24].

This study has several limitations. First, its retrospective
single-center design carries inherent risk of selection bias.
Second, follow-up duration (median 20.3 months) is opti-
mal for detecting early soft-tissue and infectious failures,
but insufficient for evaluating long-term polyethylene
wear or late aseptic loosening [11, 17].

CONCLUSION

Primary TKA using a contemporary RHK prosthesis is a
highly effective, reliable, and biomechanically sound pro-
cedure for patients presenting with severe coronal plane
deformities, gross ligamentous instability, and major bone
defects. The procedure yields dramatic, statistically sig-
nificant functional recovery, substantial pain relief, and
accurate mechanical axis restoration. With an 87.5% cu-
mulative implant survivorship at median 20.3 months and
a 0% rate of early mechanical loosening or component
migration, modern RHK designs demonstrate excellent
early structural durability. However, because early failures
are driven exclusively by PJI and wound healing compli-
cations, long-term success relies on strict preoperative
patient selection, meticulous soft-tissue handling, and
aggressive infection prevention measures.

Ethical approval and consent to participate: The
subjects’ written consent was obtained, according to the
Declaration of Helsinki. The study has been approved
by the Institutional Ethics Committee (approval num-
ber I-226/24) and conducted in accordance with legal
standards and STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) guidelines for
observational studies.
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KAMHWUKK, GYHKLMOHANHK U paguorpadCKu UCXOAMU NPUMAPHE TOTa/lHe
apTPONAacTUKe KONeHa y3 NPUMEHY MMNIAHTA Ca POTALMOHOM LUAPKOM —

peTpocneKTUBHA KOXOPTHA CTyAMja

Hemarba Cnaskosuh'?, bopuc Bykomanosuh'2, lejan Anekcanapuh'?, XKenmmmp JoBaHouh'?, MeTap Katanuuuh JosaHosuh',

Jlazap Muyeta'? Hukona Kapkosuh'?

"MHcTuTyT 32 opToneaujy ,batbuua’, beorpag, Cpbuja;
2YHuBep3uTeT y beorpaay, MeguumnHcki daxyntet, beorpag, Cpbuja;

*YHuBep3uTeT y barboj Jlyun, Meguumnckin daxyntet, barba Jlyka, bocHa v XepuerosuHa

CAXETAK

YBop/Lum Liumb paga 610 je npoueHa KNMHUYKKX, GYyHKLMO-
HalHUX 1 pagrorpadCcKmx NCXoAa, Kao 1 MpexmBibaBatba M-
niaHTaTa HaKoH NPUMapHe TOTaJIHe apTPOMNIacTUKe KosleHa y3
NPUMeHyY NpoTe3e ca POTaLMOHOM LIAPKOM KO KOMMIEKCHUX
NPUMapHUX ciyyajeBsa.

MeTtope OBa peTpoCneKT1BHa, jefHOLIEHTPYHA OMCepBaLIMOHa
KOXOpTHa cTyAuja obyxBaTtuna je 32 6onecHrKa (32 KoneHa)
ornepucaHa y nepvogy of 1. aeuembpa 2023. go 31. feuiembpa
2025. roguHe. MprmMapHu ncxogy 6vnm cy KymynaTuBHa cTomna
npexvB/baBarba UMnnaHTata (KannaH-MajepoBa aHanu3a ca
PEeBU3jOM 113 61O KOT pa3siora Kao KpajioM Taukom) 1 cTona
KomnnKaumja. CekyHaapHu ncxopm obyxsatanu ¢y GyHKLMO-
HaJsHM cTaTyc npoLereH nomohy OKchopAcKor yNnUTHUKA 3a
npoueHy ¢yHKuuje koneHa (OKS), 06rm nokpeTa, KopeKkLujy
MeXaHUYKor peMopoTrburjanHor yrna 1 pagmorpadcky cra-
6UNHOCT.

Pesyntatn MegujaHa nepuoga npahera nsHocuna je 20,3 me-
ceua. MHamKauwje 3a yrpaay 6une cy npumapHu (43,8%) n
CeKyHAapHW octeoapTpuTic (21,9%), NOCTTPaymaTCKu apTpUTMC
(21,9%), HeyponaTcka apTponaTuja (9,4%) 1 nceyaoapTpo3a
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npoKcumanHe Tmbuje (3,1%). MpeonepatviBHa NMMrameHTapHa
HecTabunHoct BepuduKoBaHa je kog 87,5% 6onecHuka. Ky-
MynaTuBHa 20-meceyHa CToMa NpeXunB/baBatba UMMIaHTaTa
n3Hocwmna je 87,5% (cBe yeTnpm peBu3mje N3BpPLLIEHE CY y NPBUX
neT MeceL HaKoH orepavyje ycnes paHe nepunpoTeTcKe NH-
deKuvje n KoMNIMKaLmja paHe; cTona acenTUYHor pasnabas/be-
tba n3Hocuna je 0%). YynHa ctona Kommnavkaluja usHocuna je
34,4%. MNocTonepaTnBHO, cpeftba BpeaHocT OKS nopacna je ca
13,25 £5,62 Ha 41,09 £ 3,74 (AOKS = +27,84, p < 0,001), meauja-
Ha obuma nokpeta ca 70° Ha 115° (p < 0,001), a anconyTHU KOPO-
HanHU AepopmuTeT (0ACTYMaHe Of HeyTpaHe briomexaHnyKe
OCOBUHE) CMamMo ce ca 23,9° Ha 2,36° (p < 0,001).

3aksbyyak [lprvmapHa ToTaiHa apTPOMIacTMKa KoseHa y3 npu-
MeHy npoTe3e ca PoTaLVOHOM LapKom obe3behyje ognuuaH
(GYHKLIMOHaHM onopaBak, BUCOKY paHy MeXxaHU4Ky CTabuaHoCT
1 Noy3faHy KopeKuujy Aepopmmuteta Kof KOMNAEKCHWX Npu-
MapHMX CTakba, MPY YemMy Cy pUropo3Ha KoHTpora nHekLyje 1
NaX</blBO NOCTYMakb€e Ca MEKVM TKMBVIMA Of, KJbyYHOT 3Hauyaja.
KmbyuHe peun: ToTanHa apTponiacTuka KoneHa; mpoTesa ca
pOTaLVOHOM LWapKOM; MpUMapHa apTPonIacTuKa; aHanmsa
npexuBrbaBatba; YHKLMOHAIHN UCXOA
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ZIP6 and ZIP14 zinc transporter expression in
normozoospermic and asthenozoospermic human
spermatozoa - relationship to nuclear chromatin
accessibility
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University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction/Objective Male infertility accounts for approximately 40% of infertility cases, with asthe-
nozoospermia affecting nearly one in five infertile men. Beyond conventional semen parameters, nuclear
DNA organization and chromatin accessibility provide deeper insight into sperm quality. Zinc transporters
ZIP6 and ZIP14 have been implicated in chromatin stabilization and zinc homeostasis, potentially essential
to sperm maturation and fertilization competence.

Methods Semen samples from normozoospermic and asthenozoospermic men undergoing intrauterine
insemination were purified by density gradient. ZIP6 and ZIP14 were detected by immunofluorescence,
nuclear DNA visualized by using Sytox™ Orange (Thermo Fisher Scientific, Waltham, MA, USA). Expression
levels, nuclear area, and staining intensity were quantified in ImageJ (National Institutes of Health), and
analyzed using Kruskal-Wallis test with Dunn's post-hoc correction (p < 0.05).

Results ZIP6 immunopositivity was significantly reduced in asthenozoospermic compared to normozoosper-
mic samples, while ZIP14 expression remained stable. Nuclear area and overall Sytox™ Orange (Thermo Fisher
Scientific) intensity did not differ significantly between transporter-positive and -negative sperm, though
ZIP6-positive asthenozoospermic cells showed a modest reduction in nuclear surface area. Normozoospermic
ZIP14-negative spermatozoa displayed lower Sytox™ Orange (Thermo Fisher Scientific) fluorescence than
ZIP6-negative cells, suggesting focal differences in chromatin accessibility between transporter-defined
subpopulations.

Conclusion ZIP6 expression reflects sperm maturation and functional competence, while ZIP14 remains con-
stitutively stable. Both transporters may serve as molecular markers for selecting high-quality sperm in assisted
reproduction, particularly in populations exposed to occupational stressors that compromise DNA integrity.
Keywords: ZIP6; ZIP14; spermatozoa; chromatin accessibility; asthenozoospermia; normozoospermia

INTRODUCTION Chromatin remodeling and DNA
protection mechanisms

Male infertility contributes to approximately

40% of infertility cases [1], and while routine
semen analysis focuses on concentration, mo-
tility, and morphology, increasing attention
has been directed toward nuclear integrity as
an additional dimension of sperm quality [2].

Spermatozoa represent a highly heteroge-
neous cell population, both morphologically
and molecularly, even within normozoospermic
samples. This heterogeneity includes differences
in chromatin compaction, oxidative suscepti-
bility, and protein composition, arising during
spermatogenesis and epididymal maturation
and reflecting variations in nuclear stability,
capacitation potential, and protein expression
profiles, including zinc transporters [3, 4]. Proper
chromatin packaging is essential for sperm func-
tional competence, as the paternal genome must
remain transcriptionally silent and structurally
protected until fertilization.

During spermatogenesis, histones are sequen-
tially replaced by transition proteins and prot-
amines, resulting in highly compacted toroi-
dal chromatin stabilized by disulfide bonds.
This organization renders the sperm genome
transcriptionally inactive and provides strong
protection against oxidation, elevated tempera-
tures in the female reproductive tract, and other
external stressors [5, 6, 7]. However, the degree of
chromatin compaction is not uniform across all
spermatozoa, and incomplete protamination or
structural irregularities may compromise nuclear
integrity and DNA stability. Such imperfections,
arising from defective histone-to-protamine
transition, impaired recombination or repair, or
abortive apoptosis, result in a baseline level of
DNA damage detectable in testicular, epididy-
mal, and ejaculated spermatozoa. Importantly,
inadequate chromatin condensation may leave
portions of the genome in a transcriptionally ac-
cessible state, which is at odds with the biological
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requirement for transcriptional silencing of the paternal
genome prior to fertilization [3, 5].

Factors contributing to sperm DNA damage

Beyond intrinsic spermatogenic imperfections, sperm
DNA damage has been associated with multiple lifestyle,
environmental, and health-related factors, including smok-
ing, environmental pollutants, and other conditions that
promote oxidative stress [8]. Although damaged germ cells
are typically eliminated via apoptosis, some may escape this
process and still participate in fertilization, with potential
consequences for embryo development and pregnancy
outcomes [6, 9, 10].

Zinc (Zn**) in male reproductive physiology

Zinc plays a crucial role in chromatin stabilization during
spermatogenesis. It contributes to DNA condensation by
stabilizing protamine-DNA interactions and supporting
the formation of disulfide bonds that reinforce nuclear
structure [11, 12]. Through these mechanisms, zinc plays
an important role in maintaining chromatin stability and
protecting sperm DNA from fragmentation [10-13]. Beyond
its structural role, zinc may also function as an additional
safeguard upon ejaculation, when exogenous Zn>* is in-
corporated into the sperm nucleus and helps stabilize
chromatin, inhibit premature metabolic activity, preserve
membrane integrity, and exert antioxidant effects [11]. In
this way, zinc contributes both to DNA integrity and to
the acrosome reaction, with membrane-associated trans-
porters such as ZIP6 and ZIP14 influencing intracellular
zinc availability [12, 14, 15]. This raises the possibility that
differences in zinc transporter expression among indi-
vidual spermatozoa could underlie part of the functional
heterogeneity observed within the ejaculate.

Zinc transporters as determinants of sperm
subpopulations

Zinc homeostasis in spermatozoa is regulated through
the coordinated activity of ZIP importers, which increase
cytosolic zinc, and ZnT exporters, which reduce it. In our
previous study, we characterized the localization and dif-
ferential expression of ZIP6 and ZIP14 in normozoospermic
and asthenozoospermic spermatozoa, demonstrating the
existence of distinct ZIP-positive and ZIP-negative sub-
populations within the ejaculate [16]. These findings suggest
that individual sperm cells differ in their capacity for zinc
uptake, providing a molecular basis for functional diversity.
Whether this variability in zinc transporter expression is
associated with differences in nuclear chromatin organiza-
tion and DNA integrity, however, remains to be established.

Although zinc transporters of the ZIP family define
distinct subpopulations of ZIP-positive and ZIP-negative
spermatozoa within the ejaculate, it remains unknown

‘ DOI: https://doi.org/10.2298/SARH260621074P
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whether these subpopulations differ in nuclear chromatin
organization or DNA integrity. Therefore, the aim of this
study was to examine the association between ZIP6 and
ZIP14 expression and nuclear characteristics of human
spermatozoa, specifically, nuclear surface area and chromatin
accessibility as assessed by Sytox™ Orange (Thermo Fisher
Scientific, Waltham, MA, USA) fluorescence intensity in
both normozoospermic and asthenozoospermic samples.

METHODS
Sample collection

Semen samples were obtained from male patients under-
going intrauterine insemination at the University Clinical
Center of Serbia, Visegradska Clinic for Gynecology and
Obstetrics, Department for Medically Assisted Reproduction,
Belgrade, Serbia, and written informed consent was ob-
tained from all participants prior to sample collection.
The sperm samples used in this study were drawn from
the same cohort previously analyzed for compartmental
and subcompartmental ZIP6 and ZIP14 localization [16];
the present analysis extends that work by examining the
relationship between transporter expression and nuclear
characteristics.

Sample preparation and classification

A total of 50 individual semen samples were collected in
sterile containers following 3-5 days of sexual abstinence
and allowed to liquefy at room temperature. Semen quality
was assessed according to 2010 World Health Organization
laboratory guidelines [17], and samples were classified as
normozoospermic or asthenozoospermic. Men with known
risk factors for male infertility or relevant medical history
were excluded. For in-depth cellular analysis, four samples
were selected, two normozoospermic and two asthenozoo-
spermic, from donors aged 31-36 years, without children,
and with a mean body mass index of 26.83.

Spermatozoa were purified using a two-layer density
gradient to remove leukocytes, non-spermatic cells, and
immotile spermatozoa. SpermGrad (Vitrolife®, Géteborg,
Sweden) solutions at 90% and 45% were layered and cen-
trifuged at 300 g for 20 minutes. The resulting pellet was
washed twice in 5 mL of 0.9% NaCl at 300 g for 15 minutes
each, then resuspended in 0.5 mL of 0.9% NaCl [16]. Sperm
smears were prepared from the final suspension for im-
munofluorescence analysis.

Immunofluorescence

Smears were fixed in methanol for 15 minutes, air-dried,
then post-fixed and permeabilized in acetone for five
minutes, followed by incubation in 0.3% Triton X-100 in
Tris-buffered saline (TBS) for 10 minutes. Non-specific
binding was blocked for 30 minutes using a solution of 0.1%
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Figure 1. Sytox™ Orange (Thermo Fisher Scientific, Waltham, MA, USA) reaction intensity
in the ZIP6 positive (+, pos.) and negative (-, neg.) reactions in normozoospermic (a)
and asthenozoospermic (b) semen samples using confocal laser scanning microscopy,

scale bar =10 um

Figure 2. Sytox™ Orange (Thermo Fisher Scientific, Waltham, MA, USA) reaction intensity
in the ZIP14 positive (+, pos.) and negative (-, neg.) reactions in normozoospermic (a)
and asthenozoospermic (b) semen samples using confocal laser scanning microscopy,
scale bar =10 um

bovine serum albumin, 3% normal goat serum, 0.2% Triton,
and 0.05% Tween 20 in TBS. Smears were then incubated
overnight at 4°C with primary antibodies against ZIP6
(1:50, PA5-21071, Invitrogen, Thermo Fisher Scientific)
and ZIP14 (1:50, PA5-21077, Invitrogen, Thermo Fisher
Scientific) diluted in blocking solution. After three washes
in TBS with Tween 20, smears were incubated for one hour
at room temperature with Alexa Fluor 488-conjugated
secondary antibody (1:400, A-11029, Invitrogen, Thermo
Fisher Scientific). Nuclei were counterstained with Sytox™
Orange (Thermo Fisher Scientific) (1:1000, S11368, Life
Technologies, Thermo Fisher Scientific) for five minutes, af-
ter which slides were rinsed in TBS and mounted in Mowiol
(Sigma-Aldrich, St. Louis, MO, USA) [18]. Specificity was
confirmed by parallel negative controls in which primary
antibodies were omitted.

Images were acquired using a Leica TCS SP5 II confocal
microscope (Leica Microsystems, Wetzlar, Germany) oper-
ated in sequential mode to prevent channel crosstalk. ZIP
immunofluorescence was excited at 488 nm (argon laser)
and Sytox™ Orange (Thermo Fisher Scientific) at 543 nm
(helium-neon laser). Signals were captured in the green
channel (ZIP) and the orange-red channel [Sytox™ Orange
(Thermo Fisher Scientific)].

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 505-511

Quantification of immunopositivity

Immunofluorescence images were analyzed
using Image] (National Institutes of Health)
version 1.52p. Spermatozoa displaying any
level of ZIP6 or ZIP14 immunoreactivity
were classified as ZIP-positive, irrespective
of signal intensity or subcellular distribution,
while cells showing no detectable signal were
classified as ZIP-negative. For each sample,
nuclear surface area and Sytox™ Orange
(Thermo Fisher Scientific) fluorescence
intensity were measured in a minimum of
100 spermatozoa per group.

Statistics

Data was analyzed using GraphPad Prism
8 (GraphPad Software, Boston, MA, USA),
version 8.4.3. Differences in nuclear area and
Sytox™ Orange (Thermo Fisher Scientific)
fluorescence intensity between ZIP-positive
and ZIP-negative spermatozoa were as-
sessed using the Kruskal-Wallis test with
Dunn’s post-hoc correction for multiple
comparisons. Statistical significance was
setat p <0.05.

RESULTS

As previously reported, ZIP6 immunopositivity was sig-
nificantly higher in normozoospermic than in astheno-
zoospermic spermatozoa, while ZIP14 immunopositivity
did not differ significantly between groups [16]. Building
on those findings, the present study examined whether
this differential transporter expression is associated with
differences in nuclear characteristics, specifically, sperm
head nuclear surface area and Sytox™ Orange (Thermo
Fisher Scientific) fluorescence intensity as a measure of
chromatin accessibility, comparing ZIP-positive and ZIP-
negative spermatozoa within both normozoospermic and
asthenozoospermic samples (Figures 1 and 2).

Sperm head nuclear surface area

Sperm head nuclear surface area did not differ significantly
between ZIP-positive and ZIP-negative spermatozoa in nor-
mozoospermic samples for either ZIP6 or ZIP14 (Figure 3a).
In asthenozoospermic samples, ZIP6-positive spermatozoa
had a slightly but significantly smaller nuclear surface area
compared to ZIP6-negative cells, while no such difference
was observed for ZIP14 (Figure 3b). Overall, nuclear sur-
face area remained within a comparable range across all
groups, suggesting that sperm head morphology is largely
consistent regardless of ZIP transporter expression status.
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Figure 3. Sperm head nuclear surface area; sample types: a.) NO (nhormozoospermia); b.) AS
(asthenozoospermia); pos-ZIP6, pos-ZIP14 - positive reactions for ZIP; neg-ZIP6, neg-ZIP14 —

negative reactions for ZIP
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expression was reduced in asthenozoo-
spermia [16]. This differential pattern sug-
gests that ZIP6 and ZIP14 reflect distinct
aspects of sperm cellular biology rather than
equivalent functional roles. The reduction
in ZIP6 immunopositivity in asthenozoo-
spermic spermatozoa supports the notion
that ZIP6 expression may possibly be linked
to sperm maturation status and functional
competence, consistent with the recognized
role of zinc transporter dynamics in sper-
matogenesis and maintenance of sperm
. cellular homeostasis [12, 19]. Whether this
reduction reflects impaired zinc uptake

Figure 4. DNA staining intensity with Sytox™ Orange (Thermo Fisher Scientific, Waltham, MA,
USA): a.) NO (normozoospermia); b.) AS (asthenozoospermia); pos-ZIP6, pos-ZIP14 — positive

reactions for ZIP; neg-ZIP6, neg-ZIP14 - negative reactions for ZIP;
**p <0.01

Sytox™ Orange (Thermo Fisher Scientific)
fluorescence intensity

In normozoospermic samples, Sytox™ Orange (Thermo
Fisher Scientific) fluorescence intensity did not differ sig-
nificantly between ZIP6-positive and ZIP14-positive sper-
matozoa, nor between ZIP6-positive and ZIP6-negative cells
(Figure 2a). However, a statistically significant difference
was observed between ZIP6-negative and ZIP14-negative
spermatozoa, with ZIP14-negative cells displaying lower
fluorescence intensity than ZIP6-negative cells (p < 0.01;
Figure 4a). In asthenozoospermic samples, no statistically
significant differences in Sytox™ Orange (Thermo Fisher
Scientific) fluorescence intensity were observed between
ZIP-positive and ZIP-negative spermatozoa for either ZIP6
or ZIP14 (Figure 4b).

DOI: https://doi.org/10.2298/SARH260621074P

capacity, altered transporter trafficking,
or simply a marker of a less mature sperm
subpopulation remains to be determined.
By contrast, the relative stability of ZIP14
across groups suggests that its expression
may be maintained independently of mo-
tility status, possibly reflecting a more constitutive role in
zinc homeostasis.

The central question of this study was whether trans-
porter-defined sperm subpopulations differ in nuclear
characteristics. No major differences in sperm head nuclear
surface area or Sytox™ Orange (Thermo Fisher Scientific)
fluorescence intensity were observed between ZIP-positive
and ZIP-negative spermatozoa in either group, indicating
preserved global nuclear morphology and overall chro-
matin organization regardless of ZIP expression status.
As Sytox™ Orange (Thermo Fisher Scientific) fluorescence
reflects DNA accessibility rather than DNA fragmenta-
tion, these findings suggest comparable bulk chromatin
compaction while not excluding subtle or localized DNA
damage detectable only by more sensitive assays [20].
Importantly, the preservation of global nuclear features
does not preclude functional heterogeneity. Differential
immunoreactivity of ZIP6 and ZIP14 suggests that these
transporters may represent distinct aspects of sperm cellular
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diversity rather than equivalent functional roles [4]. The
immunofluorescence pattern suggests that ZIP6 may be
associated with sperm functional competence, supported
by its reduced presence in asthenozoospermia and previ-
ous links between zinc transporter expression and sperm
maturation [12, 15, 19]. Differences between ZIP6 and
ZIP14 may reflect transporter-specific regulation during
spermatogenesis or define sperm subpopulations with
altered chromatin remodeling dynamics despite preserved
global nuclear structure.

Beyond its fundamental role in zinc homeostasis, intracel-
lular zinc availability has been increasingly associated with
sperm chromatin organization and nuclear heterogeneity
[12, 13]. During spermatogenesis, chromatin condensation
and the histone-to-protamine transition are tightly regulated
processes influenced by histone acetylation and epigenetic
remodeling [5, 21]. Recent studies have shown that histone
retention, protamine replacement, and post-translational
histone modifications contribute to the establishment of
localized regions of accessible chromatin within the highly
condensed sperm nucleus [3, 22], supporting the concept
that spermatozoa within a single ejaculate represent struc-
turally heterogeneous subpopulations which may affect
future offspring [23].

Consistent with this concept of nuclear heterogeneity,
one finding warrants specific attention. In normozoosper-
mic samples, a statistically significant difference in Sytox™
Orange (Thermo Fisher Scientific) fluorescence intensity
was observed between ZIP6-negative and ZIP14-negative
spermatozoa, with ZIP14-negative cells displaying lower
intensity. This may suggest that, among spermatozoa lacking
transporter immunoreactivity, the absence of ZIP14 may
be associated with reduced DNA accessibility, potentially
reflecting differences in chromatin organization compared
to cells lacking ZIP6 [22, 23]. This distinction may possibly
indicate distinct regulatory roles of the two transporters
during spermatogenesis [15, 16]. Zinc is known to contrib-
ute to chromatin stabilization through protamine-DNA
interactions and disulfide bond formation [11, 14], rais-
ing the possibility that ZIP14-dependent zinc availability
could influence local chromatin condensation in ways not
captured by ZIP6 expression alone. Although this finding
is subtle and based on a limited sample, it highlights a bio-
logically meaningful observation that warrants a follow-up
with larger cohorts and complementary chromatin assays.

The sperm nuclear surface area findings further sup-
port the overall picture of structural consistency across
subpopulations. The slightly smaller nuclear area observed
in ZIP6-positive asthenozoospermic spermatozoa may
reflect a subpopulation with subtly altered chromatin
compaction or incomplete nuclear maturation [3, 5, 22],
though this observation must be interpreted cautiously
given the known sensitivity of nuclear area measurements
to fixation and staining conditions [24], and requires con-
firmation in larger, independent cohorts. This differential
pattern suggests that ZIP6 and ZIP14 head dimensions in
human spermatozoa are generally tightly constrained by
the final stages of spermiogenesis, and it is plausible that
major morphological divergence between ZIP-positive and
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ZIP-negative cells would be unlikely in purified, motility-
selected samples [5, 25].

It is important to note that Sytox™ Orange (Thermo
Fisher Scientific) intensity, while informative as an indicator
of chromatin accessibility, is not equivalent to established
measures of DNA integrity such as the DNA fragmenta-
tion index obtained by sperm chromatin structure assay
(SCSA), the Comet assay, or terminal deoxynucleotidyl
transferase dUTP nick end labeling staining [9, 20, 26].
The interpretation of intensity differences reflecting chro-
matin organization rather than DNA damage is therefore
appropriate, but limits the conclusions that can be drawn
regarding fertilization competence. Future studies should
combine zinc transporter immunoprofiling with validated
DNA fragmentation assays in larger, well-characterized
cohorts to determine whether ZIP6 or ZIP14 expression
predicts sperm DNA integrity in a clinically meaningful
sense [27].

Taken together, the present findings indicate that ZIP6
and ZIP14 define distinct sperm subpopulations that do not
differ substantially in global nuclear morphology or bulk
chromatin staining. The heterogeneity in Sytox™ Orange
(Thermo Fisher Scientific) intensity observed among
transporter-negative cells in normozoospermia suggests
that subtle differences in chromatin organization may
exist between ZIP6- and ZIP14-dependent zinc handling
pathways, a distinction that Sytox™ Orange (Thermo Fisher
Scientific) alone cannot fully resolve. Future research
should, therefore, extend to validated assays of sperm DNA
fragmentation and chromatin integrity to better elucidate
the fertilization potential of these subpopulations and their
impact on male reproductive health.

CONCLUSION

This study demonstrates that ZIP6 and ZIP14 identify
molecularly distinct subpopulations of human sperma-
tozoa in both normozoospermic and asthenozoospermic
samples. The reduced ZIP6 immunopositivity observed in
asthenozoospermia, in contrast to the stable expression of
ZIP14, suggests a possible association between ZIP6 and
sperm maturation status and functional competence.
The absence of pronounced differences in sperm head
nuclear surface area and Sytox™ Orange (Thermo Fisher
Scientific) fluorescence intensity between ZIP-positive and
ZIP-negative spermatozoa indicates that transporter-defined
subpopulations do not differ substantially in global nuclear
morphology or bulk chromatin organization. The subtle
intensity differences observed among transporter-negative
cells in normozoospermic samples may reflect focal varia-
tions in chromatin accessibility rather than generalized
DNA fragmentation, consistent with the known structural
heterogeneity of ejaculated sperm populations.
Collectively, these findings suggest that ZIP6 and ZIP14
represent potential molecular markers of sperm heteroge-
neity whose relevance extends beyond zinc homeostasis to
broader questions of sperm nuclear quality. The present
results indicate that transporter-defined heterogeneity is

www.srpskiarhiv.rs ‘

509



510

primarily molecular rather than associated with major
nuclear structural alterations, highlighting that subtle
molecular differences may exist despite preserved global
morphology. Given the potential relevance of molecular
differences among individual spermatozoa to fertilization
potential, future studies integrating zinc transporter im-
munoprofiling with validated DNA fragmentation assays,
such as SCSA, terminal deoxynucleotidyl transferase dUTP
nick end labeling, or the Comet assay, in larger and more
diverse cohorts, including those exposed to environmental
or occupational stressors, may help determine whether
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EKcnpecuja TpaHcnopTepa LuHKa ZIP6 v ZIP14 y xymaHum cnepmaTto3onamma
13 HOPMO300CMEPMUUYHMX U ACTEHO300CNEPMMUYHUX Y30paKa — NOBE3AHOCT Ca

npuctynayHowhy HyKNeapHOr XpoMaTUHA

Wcupopa Npotuh', Niugmja Tynuh'? Mapuja Unuh?, irop fonuh?

'YHMBEP3UTETCKN KNMHUYKM LeHTap Cpbuje, KnuHuKa 3a ruHeKonorujy 1 akylwepctso ,Buiwerpaacka’, beorpag, Cpbuja;

*Ynusepautet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
3YHuBep3utet y beorpapy, bruonowku ¢pakyntet, beorpag, Cpbuja

CAMETAK

YBoa/Uunm Mywkn nuHdeptunuteT YnHm npubnmxHo 40%
CBYIX CllyYajeBa HEMOAHOCTY, NMPU YeMy acTeHo300cnepmMuja
noraha ckopo cBakor neTor MHdepTUIHOr MyLKapua. Mopen,
KOHBEHLIMOHaHNX MapameTapa aHanv3e ceMeHa, opraHusaLvja
HykneapHe JHK 1 npucTynayHocT XpomaTiiHa npy»ajy ay6som
yBUI Y KBaiMTET cnepmato3ounfa. TpaHcnoptepu unHKa ZIP6 n
ZIP14 noBope ce y Be3y ca CTabunM3aLmjoM XpomMaTHa 1 Xo-
MeOCTa3oM LIMHKa, MpoLecma Koju Mory GUTK Of CyLUTUHCKOT
3Hayaja 3a caspeBatbe CrepmaTo3omaa 1 tbrxoBy deptunmnza-
LIMOHY CMOCOBHOCT.

Mertope Y30pLin cemeHa HOPMO300CMEPMUYHNX 11 aCTEHO300-
CMePMUYHUX MYLLIKapaLa yK/byYeHUX Y Mporpam MHTpayTepu-
He MHceMVHaLwje npeunwheHy cy myTeM rpaguvjeHTa ryctmHe.
ZIP6 v ZIP14 peTeKkToBaHU Cy MMyHOdTyopecLieHLMjoM, AOK je
HykneapHa [IHK Br3yanusoBaHa npumeHom 6oje Sytox™ Orange
(Thermo Fisher Scientific, Bantam, MA, CALl). HuBo ekcnpecuje,
MOBPLUMHA HYKJIeyca 1 NHTEH3UTET 60jerba KBaHTUUKOBAHN
cy y nporpamy ImageJ (HaunoHanHu 35paBCTBEHN UHCTUTYT),
a pasnuke n3mehy rpyna aHanusmpane cy Kpyckan-Banvcosum
TecToMm y3 [laHoBy post hoc kopeKumjy (p < 0,05).

PesynTtati VImyHONO3MTMBHOCT ZIP6 G1na je 3HayajHO CMakbeHa
y aCTEHO300CNEPMUYHUM Y OfHOCY Ha HOPMO300CMEPMUYHE
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y30pKe, 0K je ekcnpecuja ZIP14 octana ctabunHa. MospLun-
Ha jeapa v YKYnHU nHTeH3uTeT GryopecueHuuje 6oje Sytox™
Orange (Thermo Fisher Scientific) Hicy ce 3HauajHO pa3nuKo-
Bann n3mehy cnepmaTto3onga NO3UTVBHUX 1 HEFATUBHYX Ha
TpaHcnopTepe, nako cy ZIP6-no3uTrBHe acTeHO300CMePMUYHE
henvje nokasane ymepeHo cMarberbe NoBpLUMHE HyKneyca. Y
HOPMO300CNeEPMUYHIM Y30PLMUMa, ZIP14-HeraTnBHu cnepma-
TO301AMN MOKa3au Cy HUXU NHTEH3UTET GyopecLeHumje 6oje
Sytox™ Orange (Thermo Fisher Scientific) y opHocy Ha ZIP6-Hera-
TBHe henuje, lWITO yKa3syje Ha JIoKann3oBaHe pasfnke y npu-
CTyNayHOCTN XpoMaTrHa n3mehy cybnonynauuja geduHucaHmx
eKcnpecnjom TpaHcnopTepa.

3akmyuak Ekcnpecuja ZIP6 ogpaxaBa cTeneH caspeBatba 1
bYHKLMOHaNHY KOMMNETEHTHOCT crepmaTto3omnaa, Aok ZIP14
rokasyje KOHCTUTYTUBHO cTabunaH obpasal ekcnpecuje. Oba
TpaHcnopTepa Mory NpeAcTaB/baTh MOJIEKylapHe MapKepe 3a
cenekumjy cnepmato3omna BUCOKOT KBanuTeTa y aCUCTUPaHUM
penpoayKTMBHVM TEXHONOrjama, HapoUnTO Y nonynauujama
U3JTOXKEHVM NMPOpEeCUOHaNHNM CTPeCcopUMa KOju HapyLuaBajy
nHterputet AHK.

KrbyuHe peun: ZIP6; ZIP14; cnepmato3ouam; BOCTYMHOCT XPO-
MaTWHa; aCTeHO300CMNepMuja; HOpMO300cnepMuja
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SUMMARY

Introduction/Objective Rhegmatogenous retinal detachment is an ophthalmic emergency which can
result in vision loss. The aim of our study was to evaluate the demographic, epidemiological, and clinical
characteristics and treatment methods of rhegmatogenous retinal detachment.

Methods This retrospective study was conducted at the Department of Vitreoretinal Surgery and Eye
Trauma in the period between January 1, 2024, and December 31, 2025. The data included sex, age,
season, onset of symptoms, presence of myopia, previous cataract surgery, as well as the method of
treatment.

Results Out of 275 patients, there were 177 males (64.36%) and 98 females (35.64%). The majority of the
study population was 61-80 years old (n = 140, 50.91%). The most commonly selected surgical procedure
was pars plana vitrectomy (n = 226, 81.88%). Silicone oil was the preferred tamponade (n = 191, 75.2%).
Best-corrected visual acuity on admission was worse than 0.1 in the majority of the affected eyes (n =177,
64.13%), while one month after surgery nearly half (n = 130, 47.1%) achieved visual acuity between 0.1
and 0.5. Recurrent detachment occurred in 29 patients (10.32%).

Conclusion In conclusion, our study emphasizes that rhegmatogenous retinal detachment primarily
affects males and individuals over 60 years of age within our region. Consequently, there is an urgent
need to implement targeted public health initiatives to educate high-risk individuals on early symptoms,
optimize primary ophthalmic triage, and establish efficient referral pathways to ensure timely surgical
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intervention and preserve functional vision.
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INTRODUCTION

Rhegmatogenous retinal detachment (RRD)
is an ophthalmic emergency which can result
in vision loss. It represents separation of the
neurosensory retina from the retinal pigment
epithelium caused by retinal breaks - tears or
holes. Posterior vitreous detachment is a nor-
mal, age-related process. However, it can lead to
the formation of retinal breaks in 8-16% of pa-
tients. Additionally, these breaks can progress
to RRD in up to half of cases, if left untreated
(1, 2].

Recent epidemiological data from 2024
estimate the mean annual incidence of RRD
in Europe at 14.5 cases per 100,000 persons,
with longitudinal trends pointing towards a
projected doubling in incidence over the next
20 years [3].

Rhegmatogenous retinal detachment re-
quires surgical treatment and can be managed
by three main procedures: scleral buckling (SB),
pars plana vitrectomy (PPV) and pneumatic
retinopexy. Success rates with SB have been

reported to be 66-96.7%; PPV is reported to
be successful in about 71-97% of cases [4],
while pneumatic retinopexy was successful in
51-82% [5]. Selection of a surgical procedure
involves consideration of patients’ character-
istics, ocular comorbidities and characteristics
of the retinal detachment itself, as well as the
personal preference of the surgeon [6]. Previous
studies have shown that even with appropri-
ate and prompt treatment, many patients with
RRD still need additional surgery and often do
not fully recover functional vision in the af-
fected eye [7].

The aim of our study was to evaluate the
demographic, epidemiological, and clinical
characteristics and treatment methods of pa-
tients hospitalized and treated for RRD at the
Department of Vitreoretinal Surgery and Eye
Trauma in a tertiary health care institution.
These findings can assist in the early recogni-
tion, evaluation, and treatment of RRD, which
contributes to the prevention of irreversible
vision loss.
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METHODS

This retrospective study was conducted in the period
between January 1, 2024, and December 31, 2025. The
study included all patients hospitalized at the Department
of Vitreoretinal Surgery and Eye Trauma for the treatment
of RRD in the specified period. The patients’ data were
collected from the Heliant Healthcare medical system. The
data included sex, age, season, onset of symptoms, presence
of myopia, previous cataract surgery, as well as the method
of treatment and postoperative complications.

Patients with other forms of retinal detachment (trac-
tional and exudative) and those who presented with retinal
redetachment were excluded from the study.

Patients who met the inclusion criteria underwent a
complete ophthalmic examination of both eyes (best-cor-
rected visual acuity (BCVA) measured on a Snellen chart,
intraocular pressure (IOP) measurement using Goldmann
applanation tonometry, anterior segment examination and
indirect fundoscopy using a slit-lamp biomicroscope).

Patients were divided according to sex and into four
groups according to age (< 40, 41-60, 61-80 and > 81). Best-
corrected visual acuity was analyzed at admission and one
month postoperatively. According to BCVA, patients were
divided into three groups (BCVA < 0.1, 0.1-0.5, and = 0.6).

Statistical analysis

Statistical analysis was performed using Microsoft Excel
2016 software (Microsoft Corporation, Redmond, WA,
USA), Google Sheets (Google LLC, Mountain View, CA,
USA), and R version 4.3.1 (2023 The R Foundation for
Statistical Computing). Descriptive data are presented as
absolute and relative numbers in the form of n (%). The
normality of distribution for numerical variables was as-
sessed using the Shapiro-Wilk test. Numerical variables
deviated from a normal distribution (p < 0.05) and were
presented as medians and ranges. The Mann-Whitney U
test was used to compare two independent groups, the
Kruskal-Wallis test for comparisons among multiple
groups, and the Wilcoxon test was used to evaluate de-
pendent variables. Categorical variables are expressed as
frequencies and percentages, and were compared using the
x? test. Statistical significance was established at a p-value
of less than 0.05.

RESULTS

During the defined period, a total of 275 patients (276
eyes) were hospitalized for RRD. There were significantly
(p < 0.001) more males (n = 177, 64.36%) than females
(n =98, 35.64%), with a male-to-female ratio of 1.8:1. The
youngest patient was 23 years old, and the oldest was 87,
with a median age of 62. There was a statistically signifi-
cant difference in the distribution of patients across age
groups (p < 0.001). The majority of the study population
was 61-80 years old (n = 140, 50.91%).
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The number of cases whose RRD involved the fovea
(macula-off RRD) was 220 (79.71%). In the remaining
56 (20.29%) the fovea was preserved (macula-on RRD).
Patients with macula-off RRD presented significantly later
(p = 0.002) with a median delay of 5.5 days (interquartile
range (IQR) 11), while in macula-on patients it was three
days (IQR 5). Details regarding the age distribution of the
entire study group, as well as foveal involvement among
age groups, are presented in Table 1.

Table 1. Age distribution and distribution of foveal involvement in
all study groups

Age (years) n (%) Macu(lna’—(;)r; RRD Macu(lna’—%f)f RRD
<40 9(3.27) 1(1.79) 8(3.63)
41-60 120 (43.64) 34 (60.71) 87 (39.55)
61-80 140 (50.91) 21(37.5) 119 (54.09)
81 andolder| 6(2.18) 0 6(2.73)

RRD - rhegmatogenous retinal detachment

The median time from onset of symptoms until the first
examination was five days (IQR 12; range: 1-120). There
was a statistically significant difference in onset of symp-
toms between age groups (p < 0.001). The shortest time
from symptom onset to the first examination was observed
in the group of patients aged 41-60 years (four days), while
the longest time was recorded in patients aged 61-80 years
(seven days). The median time to presentation was seven
days for women and four days for men (p = 0.002).

Seasonal analysis showed the highest number of RRD
cases in spring (n = 82, 29.71%) and seasonal distribution
was statistically uneven (p = 0.024).

The right eye was more frequently affected (n = 152,
55.07%). Of the 275 patients, one had bilateral eye involve-
ment at the time of examination. The majority of the eyes
with RRD were phakic (n = 198, 71.74%).

Retinal breaks were classified based on the quadrant
in which they were located: superotemporal (STQ), su-
peronasal (SNQ), inferotemporal (ITQ), and inferonasal
(INQ). Most cases of RRD were caused by a superotempo-
ral retinal break (n = 175, 55.56%). Table 2 provides com-
prehensive information on the affected eye (right or left),
seasonality, lens status, and location of the retinal break.

In the majority of the affected eyes (n = 176, 63.77%),
only one retinal break was found, while the highest number
of retinal breaks was six. Table 3 summarizes the distribu-
tion of patients by the number of retinal breaks.

According to the medical history and anamnestic data
collected during admission, 69 (25%) of all patients had
myopia.

Intraocular pressure was measured on the day of ad-
mission and one month postoperatively. On the day of
admission, the median IOP was 13 mmHg (IQR 4; range:
1-21), and one month after surgery it was 14 mmHg (IQR
5; range: 3-28), p < 0.001.

Best-corrected visual acuity significantly improved af-
ter treatment (p < 0.001). Best-corrected visual acuity on
admission was worse than 0.1 in 177 (64.13%) eyes, while
one month after surgery nearly half of the affected eyes
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Table 2. Baseline characteristics of the entire study population, includ-
ing laterality, seasonality, lens status and location of retinal break in
eyes with rhegmatogenous retinal detachment

Characteristics Number of eyes %
Laterality
Right 152 55.07
Left 124 4493
Season

Spring 82 29.71

Summer 71 25.72

Fall 48 17.39

Winter 75 2717
Lens status

Phakic 198 71.74

Pseudophakic 76 27.54

Aphakic 2 0.72
Quadrants

STQ 175 55.56

SNQ 35 11.11

ITQ 78 24.76

INQ 27 8.57

STQ - superotemporal quadrant; SNQ - superonasal quadrant; ITQ — infero-
temporal quadrant; INQ - inferonasal quadrant

Table 3. Number of retinal breaks found in eyes with rhegmatogenous
retinal detachment

Number of retinal breaks n %

1 176 63.77

2 55 19.93

3 27 9.78

4 6 217

5 6 2.17

6 2 0.73

Dialysis 3 1.09

Macular hole 1 0.36

(n =130, 47.1%) achieved visual acuity between 0.1 and
0.5. Details regarding visual acuity before and one month
after surgery are shown in Figure 1.

At the time of the first examination, 32 (11.59%) pa-
tients had developed proliferative vitreoretinopathy (PVR).
Patients with PVR presented considerably later. The me-
dian time was 30 days in patients with PVR compared with
four days in patients without PVR (p < 0.001). The vast
majority of patients with PVR (n = 30, 93.75%) presented
with very poor visual acuity, which was less than 0.1. The
rest of the cases with PVR (n = 2, 6.25%) had visual acu-
ity 0.1-0.5 on admission. One month postoperatively, 25
(78.13%) patients with PVR at admission still had BCVA
below 0.1, whereas seven (21.87%) of them obtained vi-
sual acuity 0.1-0.5. Out of 32 eyes with preoperative PVR,
redetachment developed in six (18.75%).

In terms of treatment method, six (2.17%) of the af-
fected eyes were managed with a non-surgical procedure
— argon laser retinopexy. The most commonly selected
surgical procedure was PPV, performed in 226 (81.88%)
cases of RRD. Thirty-two (11.59%) underwent SB, and 12
(4.36%) were treated with pneumatic retinopexy.

Silicone oil (SO) was the preferred tamponade for RRD
(n =191, 75.2%), followed by sulfur hexafluoride (SF6)
tamponade (n = 24, 9.45%), ethane hexafluoride in 1.97%

‘ DOI: https://doi.org/10.2298/SARH260726066K
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Figure 1. Best-corrected visual acuity (BCVA) of eyes with rhegmatog-
enous retinal detachment before surgery and one month after surgery

(n = 5) and propane octafluoride in six cases (2.36%). In
22 (68.75%) of 32 cases managed with SB, no intraocular
tamponade was used. In six (18.75%) of the remaining
cases, air was used and in four (12.5%), SF6 was used as
an intraocular tamponade.

When SO was applied in PPV, the mean duration of oil
tamponade was 5.9 + 2.03 months. At the time of gathering
data for this study and analyzing it, SO removal had been
performed in 136 cases (49.29%).

In terms of postoperative complications, most study pa-
tients remained without complications (n = 187, 66.55%).
The most common complications were postoperative glau-
coma (n = 44, 15.66%), recurrent RRD (n = 29, 10.32%),
SO in the anterior chamber (n = 10, 3.56%), and hyphema
(n=7,2.49%). Additional complications comprised endo-
phthalmitis, conjunctival cysts, cystoid macular edema and
scleral rupture, observed in one case each. Some patients
had more than one complication at the same time.

Of the 29 patients with recurrent RRD, 18 (6.55%)
had redetachment under SO after PPV, four (1.45%) pa-
tients had recurrence after SO removal, and three patients
(1.09%) had recurrence after SB; in one of these cases,
the retina was initially attached, whereas in the other two
cases the initial scleral buckling procedure had been un-
successful.

DISCUSSION

Our study showed that males are at greater risk of RRD
compared to females. This finding was consistent with the
results reported by Rhyno et al. [8] in 2026, who also ob-
served a statistically significantly higher number of male
patients. The right eye was more frequently affected in
most patients, in agreement with the results reported by
Kasetty et al. [9]. Furthermore, several studies reported a
correlation between the higher rate of RRD in men and
work-related physical strain, such as lifting heavy objects.
This could explain the higher incidence of RRD in males
in general, considering that most of the physically de-
manding jobs are undertaken by males [10]. On the other
hand, one Danish study did not find a higher incidence
of RRD in men who perform physical work [11]. In re-
cent studies, most patients are men, but one study shows a
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predominance of female patients with a median age of 93,
which can be explained by the longer life span of women.
This study included an elderly population because it has
been underrepresented in recent studies [12].

We analyzed seasonal variations in RRD frequency and
found a decreased number of patients in fall and a higher
number in spring. The results are contradictory: while one
study reports a higher number of patients during warm-
er periods, as in our study, possibly related to increased
physical activity and the influence of ultraviolet light on
the vitreous and retina which initiates posterior vitreous
detachment and retinal breaks [13], another reports no
significant seasonal variations [14].

Myopia represents one of the major risk factors for
RRD, because of the increased axial length and peripheral
degenerative changes [15]. In our study, only a quarter of
the entire study group had myopia, which is in contrast to
results from other studies where the number of myopes
with RRD was three times higher than that of non-myopes
with RRD [16].

Cataract surgery is also considered a risk factor for
RRD [17]; however, in our study, it was shown that twice
as many patients had natural crystalline lenses, but most
patients with RRD belonged to the 61-80-year age group,
which is a risk factor by itself. Most studies have identified
older age as a significant risk factor, which aligns with our
study, demonstrating that the highest incidence of RRD
is in patients 50-70 years old [18, 19]. One of the latest
studies also showed similar results, with a median age of 61
years among patients with RRD [8]. Furthermore, similar
findings were reported in another study performed at our
clinic from 2020 to 2022 [20]. In contrast, one study from
Nigeria reported that the mean age for RRD is 44 + 17.5
years without a clearly identified reason [21].

The study has shown that PPV was the preferred surgi-
cal method for RRD in relation to SB, which concurs with
the study by Rajsirisongsri et al. [22], which had the same
results. These findings might be due to advances in surgi-
cal techniques - small-gauge PPV - and also to late refer-
ral to an ophthalmologist and advanced retinal detach-
ment. In addition, since the majority of our patients were
elderly and required cataract surgery, it was considered
optimal to perform cataract surgery with PPV. However,
in younger patients with a clear lens and uncomplicated
RRD, scleral buckling would be the treatment of choice.
Our study showed a high primary anatomic success rate,
consistent with recent reports on RRD surgery [23]. SO
was frequently used for temporary intraocular tamponade
in our study. While prolonged tamponade carries risks of
complications such as secondary glaucoma and cataract
development in patients with a natural lens, there is also a
risk of redetachment after SO removal. In contrast to our
findings, one study from 2026 reported recurrent RRD
in 21.1% and demonstrated that, in addition to PVR as
the main factor, high myopia, pre-existing glaucoma, and
systemic hypertension were also identified as contribut-
ing factors [24]. In a study done by Gisquet et al. [25],
the rate of redetachment was 14.9% and SO tamponade
lasted almost three months, which the authors regarded
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as a short time and a potential contributing factor to re-
current RRD after removal of SO. In contrast, the mean
duration of SO tamponade in our study was approximately
six months. Gas tamponade is another treatment option,
with SF6 most frequently used for RRD without PVR, in
cases with superior retinal breaks, or as an intraocular
tamponade during SB.

For vitreoretinal surgeons, PVR is still difficult to over-
come and is one of the most significant factors for surgical
failure and poor functional outcome, with success rates
decreased by more than 46.9% in cases with PVR [26].
Our study showed no significantly increased number of
patients with PVR compared to the results of the previ-
ously mentioned study, but the reattachment rate in the
group of patients with preoperative PVR was 18.76%, and
BCVA improved by 15.62%. However, study results are
contradictory: while some recent studies indicate that PVR
is associated with poor visual outcomes [24, 27], another
study reports no significant correlation between PVR and
final BCVA [28]. Primary surgical success and the absence
of a severe postoperative inflammatory reaction are con-
sidered to have the greatest impact on BCVA improvement
in patients with successful retinal reattachment.

Postoperative visual acuity is a crucial indicator of sur-
gical success, and a study by Zaletel Benda et al. [28] has
demonstrated a direct relationship between preoperative
and postoperative visual acuity and vice versa. The dura-
tion of symptoms seems to be closely related to postopera-
tive BCVA, with a duration longer than seven days being
associated with poor functional visual outcomes [29].
The time from the onset of symptoms until examination
and treatment was longest in patients aged between 61
and 80 years in this study. This finding may be associated
with age-related factors and socioeconomic conditions.
Barequet et al. [27] found that macular status is important
and that macula-on detachment had better anatomical and
functional outcomes. In our study, a significant number of
patients achieved better postoperative BCVA, even though
the average duration of symptoms in the largest group of
patients was longer than one week, and the majority of
them had an affected macula. The majority of patients in
our study had a single break, most frequently in the su-
perior temporal quadrant, which is the reason why most
of the patients had “macula-oft” at the time of admission.
This finding is consistent with a study reporting that more
than half of patients have retinal breaks located in the su-
perior half of the retina [30].

This study has several limitations. First, it was retro-
spective and based on data obtained from medical records.
Second, it was performed at a single center, which may
limit generalization to a larger population. In addition,
only patients with primary RRD were included.

CONCLUSION
In conclusion, our study emphasizes that rhegmatogenous
retinal detachment primarily affects males and individ-

uals over 60 years of age within our region. Pars plana
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vitrectomy with a six-month SO tamponade represents
the predominant and anatomically effective surgical ap-
proach in our tertiary center. Most patients delay seeking
ophthalmic evaluation for more than seven days, typically
presenting only after macular involvement causes signifi-
cant vision loss. Consequently, there is an urgent need to
implement targeted public health initiatives to educate
high-risk individuals on early symptoms, optimize primary
ophthalmic triage, and establish efficient referral pathways
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Ennaemmonoruja n KIMHUYKe KapaKTePUCTUKE permaTtoreHe abnaumje Mpexmaue
Yy TepuMjapHOM 34paBCTBEHOM LieHTpy y Cpbuju — ABOrogMiLba PETPOCNEKTUBHA

cTyamja

Wrop Kosauesnh'? TopaH [JamjaHoBuh?, MnageH buna'? BecHa LLlo6oT'?, JeneHa Mupkosuh?, Urop Byjosuh?,
Munow Makcrmosuh?, Kprctia Bykosuh?, Anhena Monosuh?, Jenena Bacunujesuh'>

'YHueep3uTet y beorpapy, MegnunHcku dakyntet, beorpag, Cpbuja;

2YHnBep3nUTETCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a ouHe 6onectu, beorpag, Cpbuja;

3[lom 3paBsba,CaBcku BeHal', beorpag, Cpbuja

CAMETAK

YBopa/LUnm PermatoreHo ofBajatbe Mpexraye npeActas/ba
YPreHTHO CTarbe y 0pTanMOoNorjn Koje Moxe [JOBECTU A0 TPaj-
Hor ry6uTka Bupaa. Liumb oBe ctyauje 610 je aa ce aHanusupajy
aemorpadcke, enMAeMMONOLLKe U KIMHUYKE KapaKTepucTrKe,
Kao 1 MeToAe Neyerba permaToreHor oABajakba Mpexmave.
Metope CnpoBefieHa je peTpocnekTBHa cTyamja Ha Ogerbetby
3a pPeT1HOBUTPeasHy X1PYPriijy 1 TpaymaToiorujy oka y nepu-
ogy og 1. jaHyapa 2024. roguHe o 31. apeuembpa 2025. roguHe.
AHanusupaHu cy nogauu o nosy, CTapocTu, rogniibem go6y,
MOYeTKY CUMMTOMa, MPUCYCTBY MUONIje, ONepaLvju KaTapakTte
1 METOAM Nleyetba.

Pesyntatu Op 275 nauumjeHara, MywKapaua je 6uno 177
(64,36%), a xeHa 98 (35,64%). BehrHa ncnmutaHmka 6una je
ctapoctu usmehy 61 1 80 roguHa (n = 140, 50,91%). Butpek-
ToMMja je 6una Hajuewha xmpypLIKa MeToAa nevetba (n = 226,
81,88%), a CUNIMKOHCKO YyIbe Hajuellhie cpecTBO 3a TaMMOHa-
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ay (n =191, 75,2%). Haj6osrbe KoprroBaHa BrHa OLWITPUHA Ha
npujemy 6una je mara og 0,1 y BehuHu 3axBaheHux ounjy (n =
177, 64,13%), BOK je MeceL, AaHa HaKOH onepaLje Kog CKopo
MOJIOBUHE 0unjy 3abenexxeHa BugHa owTtpuHa nsmehy 0,1 1 0,5
(n =130, 47,1%). MoHOBHO 0fBajarbe MpexHbaue 3abenexeHo
je kop 29 nauymjeHata (10,32%).

3akspyyak Hawa cTyavja nokasyje fa ce permaToreHo oaBa-
jarbe Mpexraye Ha Halwym npocTopuma Yewwhe jaBmba Kop,
MyLIKapaua 1 ocoba ctapujux og 60 rognHa. CXoaHO ToMe,
NoTpebHO je XUTHO CNPOBECTU L/baHe jaBHO3LPaBCTBEHE
VHMLMjaTMBE 3a eflyKaLinjy BUCOKOPU3UYHMX 0c0ba O paHUM
CUMMTOMMMA, YHanpehere npumapHe opTanmonoLKe Tpu-
jaxe 1 ycnocTtaBsbatbe eduKacHUx nyTeBa ynyhrBara Kako
611 ce obe3beuna NpaBoBpeEMeHa XMpypLLKa MHTePBEHLMja 1
ouyBatbe GYHKLIMOHANTHOT BUAA.

KrbyuHe peun: permatoreHo ofjBajarbe MpexHaye; BUTPEKTO-
Muja; BULHW UCXoaw; envaemuonoruja; Cpbuja
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Postoperative complications following open and
laparoscopic radical prostatectomy — a retrospective
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SUMMARY

Introduction/Objective Prostate cancer is the most commonly diagnosed malignancy in men in more
than half of the world’s countries and a leading cause of cancer death. Radical prostatectomy is the
standard surgical treatment but carries a risk of postoperative complications. The aim of this study was
to analyze postoperative complications after open and laparoscopic radical prostatectomy using the
Clavien-Dindo classification.

Methods A retrospective study included 304 patients with prostate cancer treated at the University Clini-
cal Center of Vojvodina, Clinic of Urology, from 2020 to 2024. Complications occurring within 60 days of
surgery were graded using the Clavien-Dindo classification and analyzed in relation to sociodemographic,
preoperative, intraoperative, and postoperative factors.

Results The mean age was 67.4 + 5.7 years. Most complications were mild (Grade |, 47%; Grade Il, 35.2%);
the most frequent were blood transfusion (18.7%) and elevated serum creatinine (10.9%). Complication
severity correlated significantly with body mass index (p = 0.169, p < 0.01), preoperative prostate-specific
antigen (p = 0.167, p < 0.01), operative duration (p = 0.719, p < 0.001), and intraoperative blood loss
(p=0.552, p < 0.001). Sociodemographic factors showed no significant association. The difference be-
tween the open and laparoscopic approaches was not statistically significant (p = 0.295).

Conclusion Postoperative complications after radical prostatectomy were predominantly mild. Body
mass index, prostate-specific antigen, operative duration, intraoperative blood loss, and the postopera-
tive course were associated with greater complication severity, whereas the surgical approach was not.
Keywords: prostate cancer; prostatectomy; laparoscopy; postoperative complications; risk factors; treat-
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ment outcome

INTRODUCTION

The prostate is an encapsulated fibromuscular
gland in the male pelvis whose main function
is to produce seminal fluid [1]. Malignant pros-
tate neoplasms are predominantly adenocarci-
noma (90-95%), with rare mucinous, ductal,
squamous, neuroendocrine, and sarcomatoid
types [2].

Prostate cancer is the most commonly di-
agnosed cancer in men in more than half of
the world’s countries and the leading cause of
cancer death in men in a quarter of them [3].
In 2022, an estimated 1,466,680 new cases were
diagnosed globally [4]. According to the Global
Cancer Observatory, in 2020 the Republic of
Serbia ranked third in mortality and fourth in
incidence [5]. The main non-modifiable risk
factors are older age, race, and a positive family
history; the prevalence of disease with a positive
family history is approximately 20%, while the
hereditary form ranges between 5% and 15% [6].

Current treatment modalities include active
surveillance, surgery, and radiotherapy, with
the choice depending on tumor characteristics,
prostate-specific antigen (PSA) level, disease
stage, and recurrence. Androgen deprivation

therapy is used for localized, locally advanced,
and metastatic disease [7]. Radical prostatec-
tomy is the gold standard for localized prostate
cancer and has been performed for more than a
century [8]. There are three techniques - open,
laparoscopic, and robot-assisted laparoscopic
prostatectomy — and minimally invasive proce-
dures have increasingly replaced open surgery
[9]. Robot-assisted radical prostatectomy is
associated with better perioperative outcomes
than open and conventional laparoscopic sur-
gery, owing to lower blood loss, lower trans-
fusion rates, and shorter hospital stay [9].
However, a recent network meta-analysis found
no significant difference between the robot-
assisted, laparoscopic, and open approaches in
estimated blood loss or in overall and major
complication rates [10].

Despite these advances, patients remain at
risk of adverse outcomes, which may depend
on the surgeon’s experience, technical difficul-
ties, and individual patient characteristics [11].
Surgical site infection is among the most com-
mon complications after radical prostatectomy,
and a prolonged operative time has been identi-
fied as an independent predictor of its occur-
rence [12]. A structured system for identifying



Radical prostatectomy complications: Clavien-Dindo analysis

the number and severity of complications is necessary to
compare procedures, outcomes, and surgical quality across
institutions and surgeons [13]. The Clavien-Dindo classifi-
cation is increasingly used to evaluate postoperative compli-
cations but is not yet routinely applied in clinical practice.

The aim of this study was to determine the types and
frequency of postoperative complications after open and
laparoscopic radical prostatectomy using the Clavien-
Dindo classification, and to assess the association of so-
ciodemographic, preoperative, intraoperative, and post-
operative factors with complication severity, as well as to
compare the two surgical approaches.

METHODS
Study design and sample

A retrospective study included 304 patients with pros-
tate cancer treated at the University Clinical Center of
Vojvodina, Clinic of Urology, between January 1, 2020,
and December 31, 2024. The following data were ana-
lyzed: sociodemographic characteristics (age, place of
residence); body mass index (BMI), preoperative PSA,
prostate volume, American Society of Anesthesiologists
(ASA) physical status, Gleason score, and International
Society of Urological Pathology (ISUP) Grade Group; type
of surgery (open or laparoscopic radical prostatectomy;,
with or without lymphadenectomy, including conversion
from laparoscopic to open); operative duration (min);
intraoperative blood loss (mL); length of postoperative
stay (days); time in the intensive care unit (ICU, hours);
and duration of ventilatory support (hours). Postoperative
events and complications were assessed within 60 days of
surgery and graded using the Clavien-Dindo classifica-
tion. A 60-day window was chosen because it corresponds
to the institutional follow-up schedule, in which the first
postoperative outpatient visit with clinical and laboratory
reassessment is performed within two months of surgery;
this interval captures the early complications covered by
the conventional 30-day window together with events pre-
senting somewhat later, while remaining within the period
for which complete documentation was available for all
patients. Data were collected from the Clinical Information
System and patient medical records.

Inclusion criteria were a histopathologically confirmed
diagnosis of prostate cancer, radical prostatectomy per-
formed within the study period, and complete data per-
mitting evaluation of complications according to the
Clavien-Dindo classification. Patients without a confirmed
diagnosis, those operated on outside the study period, and
those with incomplete clinical or sociodemographic data
were excluded.

Clavien-Dindo classification
Each complication was graded from I to V: Grade I -
any deviation from the normal postoperative course

not requiring pharmacological, surgical, endoscopic, or
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radiological treatment; Grade II - complications requir-
ing pharmacological treatment; Grade III - complications
requiring surgical, endoscopic, or radiological intervention
(IITa without and IIIb under general anesthesia); Grade
IV - life-threatening complications requiring intensive
care (IVa, single-organ; IVb, multiorgan dysfunction); and
Grade V - death [14]. The main advantage of the clas-
sification is its simplicity; its limitations include grading
according to the intervention required rather than the true
severity, assessment of postoperative (not intraoperative)
complications, and the inability to distinguish early from
late complications [13, 15]. The classification was adapted
to the most common complications after radical prosta-
tectomy as previously described [16]; the complications
assigned to each grade are presented in Table 4.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 25.0 (IBM Corp. Armonk,
NY, USA). Continuous variables are presented as mean +
standard deviation and categorical variables as frequencies
and percentages. Associations between continuous and
ordinal variables were assessed using Spearman’s corre-
lation coefficient (p), and associations between categori-
cal variables using the x* test. Independent predictors of
complication severity were identified by multivariate lo-
gistic regression (BMI, PSA, prostate volume, ASA status,
Gleason score, and ISUP Grade Group). The open and
laparoscopic approaches were compared using the x* test
and the Mann-Whitney U test. A p-value < 0.05 was con-
sidered statistically significant.

RESULTS
General characteristics of patients and surgery

Patient and surgical characteristics are summarized in
Table 1. The mean age was 67.4 £ 5.7 years, and patients
came from rural and urban areas in similar proportions.
The mean BMI was 27.2, mean preoperative PSA 11.5 ng/
mlL, and mean prostate volume 47 mL. Most patients were
ASA status 3 (68.8%); by ISUP Grade Group, Group 2 was
most common (32.2%), followed by Group 3 (28.9%), and
Group 1 was least common (3.3%).

Surgical approaches, operative duration, and blood loss
are shown in Table 2 and Figures 1-3. Open radical pros-
tatectomy with lymphadenectomy was most common, and
laparoscopic radical prostatectomy with lymphadenectomy
least common (5.9%). In one patient converted from lapa-
roscopic to open surgery, an intraoperative rectal lacera-
tion occurred and was sutured. The mean operative dura-
tion was 178.6 = 27.4 min and the mean blood loss 628.3 +
401.5 mL. The mean hospital stay was significantly longer
after open than after laparoscopic radical prostatectomy
(8 £4vs. 6.4 3.4 days; t =3.49; p < 0.001).

Almost half of the patients had Grade I complica-
tions (47%; Table 3). The most common individual
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Table 1. Patient characteristics

Variable Value
Number of patients 304
Age, years, mean (SD) 67.4 (5.7)
Place of residence, n (%)
Rural 142 (46.7)
Urban 162 (53.3)
BMI, mean (SD) 27.2(3.3)
PSA, ng/mL, mean (SD) 11.5(6.3)
Prostate volume, mL, mean (SD) 47 (31.1)
ASA status, n (%)
2 94 (30.9)
3 209 (68.8)
4 1(0.3)
Gleason score, n (%)
3+3 11(3.6)
3+4 100 (32.9)
443 85(28)
4+4 52(17.1)
445 45 (14.8)
5+4 9(3)
5+5 2(0.7)
ISUP Grade Group, n (%)
1 10(3.3)
2 98 (32.2)
3 88(28.9)
4 52(17.1)
5 56 (18.4)

SD - standard deviation; BMI - body mass index; PSA — prostate-specific anti-
gen; ASA — American Society of Anesthesiologists; ISUP — International Society
of Urological Pathology

Duration (min)

Conversion

Laparoscopic radical prostatectomy without
lymphadenectomy

Laparoscopic radical prostatectomy with
lymphadenectomy

Open radical prostatectomy without
lymphadenectomy

Open radical prostatectomy with
lymphadenectomy

145150 155160 165 170 175 180 185 190 195 200

Figure 1. Mean operative duration (minutes) according to the type of
radical prostatectomy; bars represent arithmetic means for five surgi-
cal subgroups: open radical prostatectomy with lymphadenectomy
(n=161), open radical prostatectomy without lymphadenectomy
(n=41), laparoscopic radical prostatectomy with lymphadenectomy
(n=18), laparoscopic radical prostatectomy without lymphadenectomy
(n=73), and procedures converted from laparoscopic to open surgery
(n=11); measures of dispersion are not displayed; the standard devia-
tion for the whole cohort is reported in Table 2 (178.6 + 27.4 minutes)
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Blood loss (mL)

Laparoscopic radical prostatectomy with
lymphadenectomy

Open radical prostatectomy with
lymphadenectomy

Laparoscopic radical prostatectomy without
lymphadenectomy

Open radical prostatectomy without
lymphadenectomy

0 100 200 300 400 500 600 700 800

Figure 2. Mean intraoperative blood loss (mL) according to the type of
radical prostatectomy; bars represent arithmetic means for four surgi-
cal subgroups: open radical prostatectomy with lymphadenectomy
(n=161), open radical prostatectomy without lymphadenectomy
(n=41), laparoscopic radical prostatectomy with lymphadenectomy
(n=18), and laparoscopic radical prostatectomy without lymphadenec-
tomy (n = 73); measures of dispersion are not displayed; the standard
deviation for the whole cohort is reported in Table 2 (628.3 + 401.5 mL)

Postoperative days (n)

Laparoscopic radical prostatectomy (with and
without lymphadenectomy)

Open radical prostatectomy (with and without
lymphadenectomy + conversion)

o 1 2 3 4 5 6 7 8 9

Figure 3. Mean length of postoperative hospital stay (days) according
to the surgical approach; bars represent arithmetic means for open
radical prostatectomy (with and without lymphadenectomy, including
conversions from laparoscopic to open surgery) and for laparoscopic
radical prostatectomy (with and without lymphadenectomy); measures
of dispersion are not displayed; the corresponding values were 8 + 4
days after the open and 6.4 + 3.4 days after the laparoscopic approach
(mean = standard deviation; t = 3.49; p < 0.001)

Table 2. Surgery details

Variable ‘ Value
Type of surgery, n (%)

Radical prostatectomy with 161 (53)

lymphadenectomy (open)

Radical prostatectomy without 73 (24)

lymphadenectomy (laparoscopic)

Radical prostatectomy without 41 (13.5)

lymphadenectomy (open)

Radical prostatectomy with 18 (5.9)

lymphadenectomy (laparoscopic)

Conversion from laparoscopic to open (total) 11 (3.5)
Operative duration, min, mean (SD) 178.6 (27.4)
Blood loss, mL, mean (SD) 628.3 (401.5)
Postoperative stay, days, mean (SD) 7.7 (4.4)
Ventilatory support, hours, mean (SD) * 9.2(7.2)
ICU stay, hours, mean (SD) ** 19.4(7.6)

SD - standard deviation; ICU - intensive care unit;
*refers to the five patients on ventilatory support;
**refers to the five patients treated in the ICU
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Table 3. Patient distribution according to the Clavien-Dindo classi-
fication

Clavien-Dindo grade n (%)
Grade | 143 (47)
Gradelll 107 (35.2)
Grade llla 2(7.3)
Grade lllb 3(7.6)
Grade IV (2.6)
GradeV 1(0.3)

complications were blood transfusion (Grade II, 18.7%)
and elevated serum creatinine (Grade I, 10.9%); the full
distribution is presented in Table 4.

Table 4. Complications according to the Clavien-Dindo classification

Complication ‘ n (%)
Grade |

Lymphocele / prolonged lymph secretion 14 (4.6)
Acute urinary retention (re-catheterization) 15 (4.9)
Superficial dehiscence / wound infection 10 (3.3)
Extravasation of urine 2(0.7)
Peripheral neuropathy (obturator nerve) 2(0.7)
Elevated serum creatinine 33(10.9)
Glaucoma 1(0.3)
lleus 1(0.3)
Lymphedema (scrotum, leg) 5(1.6)
Transurethral catheter dislocation 1(0.3)
Hernia (no treatment) 1(0.3)
Allergic exanthema 1(0.3)
Mild anemia 7(2.3)
Nausea 20 (6.6)
Herpes zoster 1(0.3)
Thrombophlebitis 1(0.3)
Transient ischemic attack 1(0.3)
Orthostatic hypotension 6(2)
Malaise 5(1.6)
Low-intensity pain 4(1.3)
Sleep disturbance 6(2)
Diarrhea 5(1.6)
Grade ll

Blood transfusion 57 (18.7)
Urological infections (cystitis, epididymitis, etc.) 27 (8.9)
Clostridioides difficile infection 1(0.3)
Arrhythmia requiring treatment 4(1.3)
Phlebothrombosis 3(1)
Pneumonia 3(1)
Bladder tamponade 2(0.7)
Hypertensive crisis 8(2.6)
Exacerbation of chronic obstructive pulmonary disease 1(0.3)
Enteritis 1(0.3)
Wound infection (antibiotics) 1(0.3)
Grade llla

Percutaneous drainage (lymphocele, abscess, 12(3.9)
hematoma)

Endoscopic bleeding arrest (gastrointestinal) 1(0.3)
Percutaneous nephrostomy (hydronephrosis) 3(1)
Suprapubic catheterization (acute urinary retention) 2(0.7)
Repeated cystoscopic catheterization 2(0.7)

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 518-525

Complication ‘ n (%)
Grade lllb

Laparoscopic marsupialization of lymphocele 3(1)
Laparoscopic revision (hematoma, bleeding, drain 12 (3.9)
dislocation)

Early urethral stricture / bladder neck contracture 4(1.3)
Migration of stapler into anastomosis 1(0.3)
Hernia or fistula surgery 1(0.3)
Surgical treatment of ileus 2(0.7)
Complete wound dehiscence 2(0.7)
Grade IV

Myocardial infarction / severe arrhythmias 1(0.3)
Stroke 1(0.3)
Acute respiratory failure 4(1.3)
Urosepsis 1(0.3)
Other intensive care unit treatment (unspecified) 1(0.3)
Grade V

Fatal outcome ‘ 1(0.3)

Sociodemographic factors and postoperative
complications

Age was not significantly correlated with complication se-
verity (p = 0.025, p > 0.05). The association between place
of residence and severity was not statistically significant
(x* = 5.105, p = 0.403; Table 5).

Table 5. Distribution of patients by place of residence in relation to
postoperative complications

Clavien-Dindo grade Rural, n (%) Urban, n (%)
Grade 60 (42.3) 83(51.2)
Grade ll 53(37.3) 54 (33.3)
Grade llla 13(9.2) 8(4.9)
Grade lllb 12 (8.5) 12(7.4)
Grade IV 3(2.1) 5(3.1)
GradeV 1(0.7) 0(0)

x°=5.105; p = 0.403

Preoperative factors

On multivariate logistic regression (Table 6), BMI and
preoperative PSA contributed significantly to Grade I
complications (BMI: OR 0.903, 95% CI 0.836-0.974, p =
0.009; PSA: OR 0.951, 95% CI 0.912-0.991, p = 0.017),
whereas Grades II-IV could not be significantly predicted
by the studied variables. Spearman correlation confirmed
significant, low positive associations between complication
severity and BMI (p = 0.169, p < 0.01) and preoperative
PSA (p=0.167, p < 0.01). A significant association was
found with Gleason score (x* = 64.781, p < 0.01), whereas
ASA status and ISUP Grade Group were not significant
(Table 7).

Intraoperative factors

Operative duration (p = 0.719, p < 0.001) and intraop-
erative blood loss (p = 0.552, p < 0.001) showed strong,
statistically significant positive correlations with compli-

cation severity.
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Table 6. Multivariate logistic regression for postoperative complications by

Clavien-Dindo grade

Stojanovic¢ S. et al.

Table 8. Correlation between postoperative factors and complica-
tion severity (Clavien-Dindo)

Grade | Variable OR (95% Cl) Wald p Factor Spearman’s p p

| BMI 0.903 (0.836-0.974) 0.009 * Postoperative days 0.323 <0.001
PSA (ng/mL) 0.951 (0.912-0.991) 0.017 * Ventilatory support (hours) 0.235 <0.001
Prostate volume (mL) 1.001 (0.993-1.009) 0.872 Intensive care unit (hours) 0.235 <0.001
ASA status 1.188 0.552 Correlation significant at the 0.01 level (two-tailed)
Gleason score 3.328 0.767
ISUP Grade Group 0.776 0.678 Table 9. Comparison of complication severity between open and

I BMI 1,069 (0.992-1.153) 0.080 laparoscopic radical prostatectomy
PSA (ng/mL) 1.036 (0.996-1.078) 0.081 Grade | Open, n (%) | Laparoscopic, n (%) X (P)
Prostate volume (mL) | 0.998 (0.989-1.006) 0.597 ' 102 (47.9) 41(45.1) 0.205 (0.650)
ASA status 0.230 0.891 Il 68(31.9) 39 (42.9) 3.34(0.068)
Gleason score 3.943 0.684 lia 17.(8) 4(4.4) 1.28 (0.259)
ISUP Grade Group 0.066 0.968 b 20 (9.4) 4(4.4) 1.19(0.139)

la | BMI 1,051 (0.918-1.204) 0471 v 523 363 0.22(0.636)
PSA (ng/mL) 0.987 (0.912-1.068) 0.744 v 1(05) 0(0) 043 (0.513)
Prostate volume (mL) | 1.001 (0.985-1.018) 0.903 O‘ie(r)az"gxs’ =6.120;
ASA status 0.654 0.721 ,F;.;m;_wp,imey U=95255:
Gleason score 4.200 0.650 Z=-0256;
ISUP Grade Group 0.0 1.000 p=0798

b BMI 1.009 (0.886-1.149) 0.894
PSA (ng/mL) 1.026 (0.962-1.094) 0.441 which was more frequent after laparoscopic surgery;
Prostate volume (mL) 1.000 (0.985-1.015) 0.978 however, none of the differences reached statistical
ASA status 0.137 0.934 significance (overall x> = 6.120, p = 0.295; Mann-
Gleason score 2.970 0.813 Whitney U = 9525.5, Z = -0.256, p = 0.798; Table 9).
ISUP Grade Group 0.0 1.000

\% BMI 1.142(0.918-1.421) 0.233
PSA (ng/mL) 1.050 (0.953-1.158) 0.322 DISCUSSION
Prostate volume (mL) 1.012 (0.992-1.033) 0.252
ASA status 0.073 0.964 Millions of men are diagnosed with prostate cancer
Gleason score 5.781 0.448 each year, and prognosis varies with age, ethnicity, ge-
ISUP Grade Group 0.0 1.000 netic background, and disease stage [17]. The num-

OR - odds ratio; Cl - confidence interval; BMI - body mass index; PSA — prostate—-specific ber of men with localized disease undergoing radical

antigen; ASA - American Society of Anesthesiologists; ISUP —

Urological Pathology; Grade V was not analyzed (single patient);
*statistically significant

International Society of

Table 7. Distribution of patients by Gleason score and Clavien-Dindo grade

Grade| 3+3 | 3+4 4+3 4+4 4+5 5+4 | 5+5
| 8(72.7) | 50(50) (52.9) 20 (43.5) | 16(35.6) | 4 (44.4) 0(0)
Il 0(0) 5(35) | 28(32.9) | 16(34.8) | 22(48.9) | 1(11.1) | 1(50)
Illa 2(18.2) 7(7) 3(3.5) 5(10.9) 3(6.7) 1(11.1) 0(0)
b 1(9.1) 5(5) 7(8.2) 4(8.7) 3(6.7) [2(222)| 0(0)
I\ 0(0) 3(3) 1(1.2) 1(2.2) 1(2.2) 1(11.1) | 1(50)
Vv 0(0) 0(0) 1(1.2) 0(0) 0(0) 0(0) 0(0)

Values are n (%);

X = 64.781;

p<0.01

Postoperative factors

Length of stay, ICU hours, and duration of ventilatory sup-
port correlated significantly and positively with complica-
tion severity (Table 8).

Comparison by surgical approach

Patients undergoing open radical prostatectomy tended to
have more frequent and more severe complications than
those undergoing laparoscopic surgery, except for Grade II,

‘ DOI: https://doi.org/10.2298/SARH260713077S

prostatectomy is rising, yet mortality from metastatic
disease has remained relatively unchanged [18].
Radical prostatectomy may be performed as open or
minimally invasive surgery; oncological and function-
al outcomes depend largely on the experience of the
surgeon and the center rather than on the approach
alone, and the only consistent advantage of minimally
invasive surgery is reduced intraoperative blood loss
[19]. Beyond general surgical risks, patients should be
counseled about stress urinary incontinence (5-15%)
and erectile dysfunction (30-80%), the latter depend-
ing on age, nerve-sparing, and baseline function [19].
Overall outcomes also depend on baseline patient and
tumor characteristics and functional status [20]. The
Clavien-Dindo classification is widely used and valued

for its simplicity and reproducibility, allowing comparison
of surgical techniques [21].

In our study, most patients had Grade I (47%) or Grade

IT (35.2%) complications. Patient age was not associated
with complication severity (p = 0.025), suggesting that co-
morbidity, physical status, and physiological reserve may
be more relevant predictors [22]. BMI and preoperative
PSA showed significant, low positive correlations with
severity (p = 0.169 and 0.167, respectively). A significant
association was found with Gleason score (x* = 64.781,
p <0.01), whereas ISUP Grade Group and ASA status were
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not significant; tumor aggressiveness (ISUP Grade Group
4-5) reflects more adverse tumor biology [2], but its influ-
ence on the postoperative course requires further study.
Operative duration (p = 0.719) and intraoperative blood
loss (p = 0.552) correlated strongly with severity, consistent
with greater physiological stress and with the literature [12,
22, 23]. Postoperative factors — length of stay, ICU time,
and ventilatory support — were also significantly associ-
ated with severity, as expected. The open and laparoscopic
approaches did not differ significantly, although Grade II
complications were more frequent after laparoscopic sur-
gery; this may reflect the influence of surgeon experience
and individual patient factors.

Martinez-Holguin et al. [24], in a series of 518 patients,
reported a shorter mean hospital stay (4 vs. 7.7 days) and
a lower mean PSA (7 vs. 11.5 ng/mL) than in our cohort,
with fewer transfusions (4.8%); as in our study, severe com-
plications (> Grade III) were uncommon.

Dini¢ et al. [25] analyzed 254 patients undergoing open
retropubic prostatectomy, with a similar operative dura-
tion (170 min) but greater blood loss (867 vs. 628.3 mL)
and longer hospitalization (10.5 vs. 7.7 days); low-grade
complications predominated, consistent with our findings.

Shabani et al. [26], in 244 patients, found no significant
differences in age, BMI, or PSA between approaches — con-
trary to our finding of a significant association of BMI and
PSA with complications — and reported significantly less
blood loss and shorter hospitalization with laparoscopic
surgery; in our cohort, hospital stay was likewise signifi-
cantly shorter after laparoscopic surgery (6.4 vs. 8 days;
p <0.001), and Grade IT complications were more frequent
after the laparoscopic approach.

In a network meta-analysis of 80 studies, Kim et al. [10]
found no significant difference between the robot-assisted,
laparoscopic, and open approaches in estimated blood loss
or in overall and major complication rates, with the lon-
gest operative time for the laparoscopic approach; this is
consistent with the lack of a significant difference between
the open and laparoscopic approaches in our cohort. The
robot-assisted approach is not yet available at our center.

In a large cohort, Pompe et al. [16] (13,924 patients)
observed predominantly mild complications after the
introduction of standardized reporting (Grade I, 10.6%;
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MocTonepaTUBHE KOMNIMKaLMje HAKOH OTBOPEHE U 1aNapOCKONCKE paguKaHe
NPOCTaTEKTOMMje — PEeTPOCNEeKTUBHA aHanu3a npumeHom KnasujeH—-[AuHgo

KnacuduKaumje

CreBaH CrojaHoBnh'?, AHapujaHa hopuh', JosaH Pagojesuh'?, Jumutpuje Jepemuni?, MnageH Monos'?, MHec Kanauw?,

CphaH loBegapuua'

'YHueepautet y HoBom Cagy, MepuumHckmn dakyntet, Hosu Cag, Cpbuja;

2YHNBEP3UTETCKI KNUHUYKY LieHTap BojBoanHe, KnuHuka 3a yponorujy, Hosu Cag, Cpbuja

CAXETAK

YBog/Uwnm KapumHom npocTate je Hajuewwhe AnjarHoCTmKo-
BaH ManurHUTET KOA MyLLKapaLia y BULLE Of NMOSIOB/HEe 3emMarba
cBeTa 1 jefjaH of BoAehux y3poka cMpTu of paka. PagnkanHa
NpoCTaTeKTOMMja je CTaHAAPAHM BUA XMPYPLLKOT Jleuerba, anu
HOCK pU3MK 0f NOCTOMepaTNBHMX KomnauKauumja. Lnm paga
610 je fa ce aHanK3mMpajy NocTonepaTMBHe KOMMAMKaLWje Ha-
KOH OTBOPEHE 1 1anapoCKOMNCKe pagrkanHe NpocTaTekToMuje
npumeHom KnasujeH-[uHpo Knacudukauuje.

MeTtope PetpocneKkTnBHOM CTyAnjom obyxBaheHo je 304
60NecHMNKa ca KapLMHOMOM MpocTaTe leyeHnx y YHuBep3u-
TETCKOM KJIMHUYKOM LieHTpy BojsoaunHe, Ha KnuHuum 3a ypo-
norwjy, y nepuogy og 2020. fo 2024. roguHe. Komnnnkaunje
HacTane yHyTap 60 aaHa of onepauuje rpagupaHe cy npema
KnaBujeH-[nHoo KnacmdurKkaumju n aHanusmpaHe y ogHocy
Ha coumopemorpadcke, npeonepaTMBHe, UHTPaoMNePaTUBHE 1
nocTtonepaTvBHe dakTope.

PesyntaTtu [lpoceyHa ctapocT n3Hocuna je 67,4 = 5,7 rognHa.
BehuHa komnnvkaumja 6una je 6nara (rpagyc | — 47%; rpapyc
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Il - 35,2%); Hajuewwhe cy 6une TpaHcdy3suja Kpsm (18,7%) v no-
BULLIEHe BPeJHOCTU CepyMCKOT KpeaTuHMHa (10,9%). TexnHa
KOMMJIMKaLMja 3HayajHo je Kopenunpana ca MUHAEKCOM TenecHe
mace (p=0,169, p < 0,01), npeonepaTnBHOM BpeAHOLWRY aHTV-
reHa cneuuduyHor 3a npoctaty (p=0,167, p < 0,01), Tpajarem
onepauuje (p =0,719, p < 0,001) 1 NHTPaoNepPaTUBHUM ryoUT-
KoM KpBu (p =0,552, p < 0,001). Counopemorpadcku daktopu
HMCY NoKa3sanu 3HauajHy nose3aHocT. Pa3nuka usmehy oTso-
peHor 1 NanapoCKONCKOr MPUCTYNa Huje 6rna CTaTUCTUYKM
3HauajHa (p = 0,295).

3aksbyyak octonepaTviBHe KOMMVKALWje HAKOH pagyKaHe
npocTtatekTomuje bune cy npeTtexHo bnare. HaeKc TenecHe
Mace, BPeAHOCT aHTUreHa creunduyHor 3a mpocTaty, Tpajare
onepaLuje, IHTPaonepaTUBHMI ry6buTak KpBu 1 NOCToNepaTnBHIA
TOK 61K cy noBe3aHn ca BEROM TEXMHOM KOMMvKaLmja, LOK
XUPYPLLKM NPUCTYN HUje.

KrbyuHe peun: KapLHOM NpocTaTe; NPOCTaTeKTOMIja; nana-
pocKonuja; nocTonepaTBHE KOMMIMKaLmje; pakTopu pusnka;
ncxop nevera
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Preoperative C-reactive protein predicts next-day
pain after breast tumor surgery
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SUMMARY

Introduction/Objective Subclinical inflammation is increasingly recognized as a driver of postoperative
pain, yet its role in breast tumor surgery is not fully defined.

The objective was to determine whether preoperative C-reactive protein (CRP) or erythrocyte sedimen-
tation rate (ESR) predicts acute postoperative pain (APSP); to examine how surgical extent influences
the perioperative inflammatory response; and to explore the relation between intraoperative fentanyl
and pain intensity.

Methods In a prospective single-center cohort, 101 adults scheduled for breast surgery were stratified
into four groups: mastectomy (M, n = 25), tumorectomy (T, n = 28), tumorectomy plus axillary dissection
(T+ A, n=20), and benign excision (C, n = 28). Venous blood was drawn on admission (T0) and at 24 h
(T24) for CRP and ESR. Pain was assessed with an 11-point Numerical Rating Scale 30 min after recovery
and at 24 h; the highest 24-h score (max-APSP) was the primary pain outcome.

Results Preoperative CRP correlated with max-APSP (p = 0.043), whereas ESR did not (p = 0.11). Baseline
CRP and ESR, and their 24-hour increments, rose stepwise with surgical magnitude, peaking after mas-
tectomy (baseline CRP 7.1 + 1.9 mg/L; T24 27.5 + 3.6 mg/L; both p < 0.01 vs. other groups). Intraoperative
fentanyl correlated with CRP at 24 hours (r = 0.33, p = 0.001) and with max-APSP (r = 0.28, p = 0.005).
Despite these biological gradients, mean max-APSP remained mild to moderate across groups.
Conclusion Presurgical systemic inflammation, reflected by CRP, independently predicts early pain after
breast tumor surgery. Surgical magnitude amplifies inflammatory markers, and greater fentanyl exposure
parallels both inflammation and pain. Routine perioperative CRP may help identify high-risk patients for
targeted anti-inflammatory and opioid-sparing analgesic strategies to reduce acute pain and potentially
mitigate chronic pain development.

Keywords: acute postoperative pain; breast tumor surgery; C-reactive protein; erythrocyte sedimenta-
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tion rate

INTRODUCTION

Breast cancer surgery is among the most fre-
quently performed oncological procedures
worldwide. Each year, more than two million
women are diagnosed with breast cancer, with
surgery remaining a core treatment modal-
ity [1, 2]. Despite advances in anesthetic and
analgesic techniques, acute postoperative pain
(APSP) remains common; observational data
suggest that up to 60% of patients report severe
pain within the first 24 hours, and inadequate
early control is associated with a higher risk
of persistent postsurgical pain (PPSP) [3, 4].
Unrelieved APSP impairs shoulder mobility,
delays hospital discharge, and independently
predicts poorer health-related quality of life,
reinforcing the need for early risk stratification
and procedure-specific, opioid-sparing multi-
modal pathways [4].

A growing body of translational research
links perioperative systemic inflammation to
nociceptive sensitization. Recent neurobiologi-
cal evidence indicates that perioperative tissue

injury can activate immune-neuronal and glial
pathways, promoting proinflammatory media-
tor release, peripheral sensitization and central
sensitization [5]. In parallel, experimental and
clinical studies have associated circulating in-
flammatory markers, particularly C-reactive
protein (CRP) and the erythrocyte sedimenta-
tion rate (ESR), with heightened pain sensitiv-
ity, although the strength and timescale of these
associations vary across settings [6, 7]. CRP, an
acute-phase reactant predominantly regulated
by interleukin-6, is a pragmatic index of short-
term inflammatory flux, whereas ESR, though
widely available, is less specific and may reflect
chronic processes [8]. In mastectomy cohorts,
higher CRP on postoperative day 1, alongside
acute pain severity, has been associated with
later PPSP/chronic postsurgical pain, support-
ing the premise that early inflammatory load
shapes pain trajectories [9, 10].

Breast surgery provides a clinically relevant
model to explore these relationships. Thus, the
procedures share local tissue characteristics
yet differ markedly in surgical scope - from
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breast-conserving tumorectomy to mastectomy with axil-
lary clearance, creating a natural gradient of tissue trauma
and systemic inflammatory response [11]. Contemporary
evidence supports regional analgesia as an important com-
ponent of opioid-sparing postoperative pain management
after breast cancer surgery [12]. Existing literature has
extensively examined CRP in breast cancer, including its
prognostic value across patient subgroups [13]. Moreover,
prior reports seldom adjust for intraoperative opioid dose,
although experimental and translational evidence suggests
that opioid exposure may paradoxically amplify postopera-
tive nociception through neuroinflammatory mechanisms
consistent with opioid-induced hyperalgesia [14].

To address these gaps, we conducted a prospective,
single-center observational study of patients undergoing
breast tumor surgery. We tested three prespecified hypoth-
eses: (i) higher preoperative CRP and ESR are associated
with greater APSP intensity at 24 h; (ii) postoperative in-
flammatory marker levels rise in proportion to surgical
extent; and (iii) intraoperative fentanyl dose correlates
positively with APSP intensity at 24 h. By clarifying how
routine inflammatory biomarkers relate to early pain out-
comes across different surgical magnitudes, our findings
aim to inform risk-stratified analgesic planning and to
stimulate future interventional trials that target periop-
erative inflammation in breast cancer patients.

METHODS
Study design and participants

A prospective, single-center observational study was
conducted at the Department of Oncological Surgery,
Bezanijska Kosa University Hospital Medical Center,
Belgrade, Serbia, between August 1 and November 30,
2022. The study was approved by the Institutional Ethics
Committee of the Bezanijska Kosa Clinical Hospital Center
(protocol No. 4831/1, 22.07.2022). All participants provid-
ed written informed consent. The investigation complied
with the Declaration of Helsinki and followed General
Data Protection Regulation-compliant data-protection
procedures.

Consecutive adult patients (> 18 years) scheduled for
elective breast tumor surgery were screened. Inclusion
criteria were: histologically confirmed breast tumor (be-
nign or malignant), physical status I-III, planned postop-
erative ward admission, and written informed consent.
Exclusion criteria comprised incomplete medical records,
pre-existing breast pain on the day of surgery, withdrawal
of consent at any time, locally advanced or metastatic
disease (stage IV), allergy to anesthetic agents, or intra-/
early postoperative complications requiring protocol de-
viation. After screening 142 patients, 101 met all criteria
and were enrolled. According to surgical extent and final
histology, they were stratified into four predefined groups:
1) Mastectomy (M) — malignant, entire breast removed
(n = 25); 2) Tumorectomy (T) — malignant, tumor exci-
sion only (n = 28); 3) Tumorectomy + axillary dissection
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(T + A) - malignant, tumor excision with axillary clear-
ance (n = 20); 4) Benign excision (C) - benign lesion re-
moved (n = 28).

Methods

General anesthesia was standardized in all study groups.
Anesthesia was induced with propofol (1.5 mg/kg intra-
venously) and rocuronium bromide (0.9-1.2 mg/kg intra-
venously) to facilitate endotracheal intubation. Anesthesia
was maintained with sevoflurane in an oxygen/air mixture,
with the end-tidal concentration adjusted according to
routine clinical practice to maintain an adequate depth of
anaesthesia. Intraoperative analgesia consisted of fentanyl
administered intravenously and titrated according to the
patient’s clinical response and the extent of the surgical
procedure. Additional fentanyl was titrated at the anes-
thetist’s discretion and the total intraoperative dose was
recorded (50 pg/mL solution).

Venous blood was drawn on admission (T,) and at 24
h post-surgery (T,4). ESR (mm/h) and CRP (mg/L) were
analyzed in the hospital laboratory using standardized
turbidimetric assays.

Acute postoperative pain in the surgical breast was
measured with an 11-point Numerical Rating Scale (NRS;
0 = no pain, 10 = worst imaginable) - a tool validated for
postoperative settings. Scores were obtained at Ty, 30 min
after arrival in the recovery room (To.5), and at T»4. For
analysis, the highest score within the first 24 h was desig-
nated the maximal acute postoperative pain (max-APSP).
Between the scheduled pain assessments (30 minutes and
24 hours after surgery), postoperative analgesia consisted
of non-steroidal anti-inflammatory drugs, administered
according to the institutional postoperative pain protocol
and routine clinical assessment by the nursing staff. The
same postoperative analgesic strategy was applied to all
study groups.

Primary outcome: association between preoperative
CRP/ESR and max-APSP. Secondary outcomes: (i) rela-
tionship between surgical extent and postoperative CRP/
ESR; (ii) correlation between intraoperative fentanyl dose
and maximal acute postoperative pain.

Statistical analysis

Continuous variables are reported as means + standard
errors of the mean (SEM) with ranges, and categorical
variables as counts (percentages). Normality was assessed
with the Shapiro-Wilk test and inspection of quantile-
quantile plots; homogeneity of variances with Levene’s
test. Between-group comparisons used one-way analysis of
variance (ANOVA) when assumptions were met; post hoc
tests were selected a priori according to variance diagnos-
tics: least significant difference (LSD) or Bonferroni when
variances were homogeneous, and Games-Howell when
they were not. Associations between continuous measures
were examined using Pearson’s correlation coefficient (r)
after checking linearity and distributional assumptions.
To assess whether preoperative CRP was independently
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associated with maximum 24-hour APSP, a multivariable
linear regression analysis within the general linear model
framework was performed. Surgical group was entered as
a fixed categorical factor, whereas preoperative CRP, pre-
operative ESR, intraoperative fentanyl dose, age and body
mass index (BMI) were entered as covariates. All tests were
two-sided with a = 0.05. Analyses were performed using
IBM SPSS Statistics, Version 25.0 (IBM Corp., Armonk,
NY, USA).

RESULTS
Participants’ baseline characteristics

The patients who met all eligibility criteria were enrolled
(N =101). Almost the entire cohort was female (100/101,
99%). Mean age was 56.4 + 1.7 years (range 19-88) and
differed across surgical-extent strata: benign excision (C)
patients were significantly younger than all malignancy
groups (ANOVA F = 25.622, p < 0.001). The four pre-
defined groups comprised 25 mastectomies (M) — mean
age 61.96 * 2.56 years (32-81); 28 tumorectomies (T)
65.93 * 2.48 years (41-88); 20 tumorectomies with axillary
dissection (T + A) 61.76 + 2.43 years (38-76); and 28 be-
nign excisions (C) 38.07 + 2.79 years (19-71) (Figure 1A).

The mean tumor size across all patients was
23.45 + 1.35 mm (range 8-98). By group, mean siz-
es were as follows: C, 21.42 + 1.69 mm (10-47); M,
28.58 + 3.82 mm (10-98); T, 21.11 + 1.58 mm (8-40); and
T+ A, 23.2 £3.56 mm (10-80). There was no statistically
significant difference in tumor size between the groups
(ANOVA: F = 1.684; p > 0.05) (Figure 1B).

The mean BMI for the cohort was 25.84 + 0.46 kg/
m? (range 15.92-38.54). By group, mean BMI values
were as follows: C, 23.31 + 0.88 kg/m? (15.92-34.89); M,
26.52 + 0.87 kg/m? (20.2-36.25); T, 27.56 + 0.91 kg/m?>
(18.29-38.54); and T + A, 26.11 + 0.82 kg/m* (17.72-
32.83). Patients with malignant breast tumors who un-
derwent tumor excision (T) had a significantly higher BMI
than those who underwent excision of a benign lesion (C)
(ANOVA: F = 4.634; p < 0.05) (Figure 1C).

Primary outcome - association between
preoperative inflammation and 24-hour pain

In analyses of patients undergoing surgical excision of a
breast tumor, a statistically significant correlation was ob-
served between admission CRP and the maximum inten-
sity of acute postoperative pain at 24 hours (Pearson’s r =
0.246; 95% confidence interval (CI) 0.053-0.421; p < 0.05;
Table 1). Admission CRP also correlated significantly
with CRP at 24 hours (r = 0.574; 95% CI 0.426-0.692;
p < 0.001), with the ESR at admission (r = 0.553; 95% CI
0.401-0.675; p < 0.001) and at 24 hours (r = 0.539; 95% CI
0.384-0.664; p < 0.001), as well as with the intraoperative
fentanyl dose (r = 0.232; 95% CI 0.038-0.409; p < 0.05).
In addition to its positive correlation with admis-
sion CRP, the intraoperative fentanyl dose correlated

‘ DOI: https://doi.org/10.2298/SARH260603070V

Vidovi¢ B. et al.

A: AGE
80
70 <
60
50
40 =5
30
20
10
0
c M i T+A
B: Tumor size (mm)
35
30
25
2 T e
15
10
5
0
c M i T+A
C: BMI (kg/m?)
30
L
25 .
20
15
10
5
0
é M i T+A

Figure 1. Baseline characteristics by surgical group; (A) age (years);
one-way ANOVA with Bonferroni post hoc testing, p < 0.010; (B) tumor
size (mm); one-way ANOVA, F = 1.684, p > 0.050; (C) body mass index
(kg/m?); one-way ANOVA with Bonferroni post hoc testing, p < 0.050;
data are mean + SEM;

C - benign lesion excision; T — malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M - mastectomy;
significance: p < 0.050

significantly with CRP at 24 hours (r = 0.325; 95% CI
0.138-0.489; p = 0.001), with ESR at admission (r = 0.256;
95% CI 0.064-0.430; p = 0.01), and with the maximum
intensity of acute postoperative pain at 24 hours (r = 0.279;
95% CI 0.088-0.450; p < 0.01) (Table 1).

To address potential confounding, a multivariable lin-
ear regression analysis within the general linear model
framework was performed with maximum 24-hour APSP
as the dependent variable. Surgical group was entered as a
tixed categorical factor, while preoperative CRP, preopera-
tive ESR, intraoperative fentanyl dose, age and BMI were
entered as covariates. The overall model was statistically
significant (F = 2.860, p = 0.007; R* = 0.199; adjusted
R? = 0.130). Preoperative CRP remained independently
associated with maximum 24-hour APSP after adjust-
ment for surgical group, preoperative ESR, intraoperative
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Table 1. Correlations of CRP at admission and intraoperative fentanyl dose with inflammatory markers and pain outcomes

Variable

Admission CRP r (95% Cl)

Admission Intraoperative fentanyl r
CRP (p) (95% Cl)

Intraoperative
fentanyl (p)

Admission CRP -

- 0.232* (0.038-0.409) 0.019

CRP at 24 h (mg/L)

0.574** (0.426-0.692)

<0.001 0.325**(0.138-0.489) 0.001

ESR at admission (mm/h)

0.553**(0.401-0.675)

<0.001 0.256** (0.064-0.430) 0.010

ESR at 24 h (mm/h)

0.539%* (0.384-0.664)

<0.001 0.160 (0.037-0.345) 0.109

APSP at 30 min (NRS 0-10)

0.062 (0.013-0.154)

0.536 0.150 (0.047-0.336) 0.133

APSP at 24 h (NRS 0-10)

0.246* (0.053-0.421)

0.043 0.279** (0.088-0.450) 0.005

Intraoperative fentanyl dose (mL; 50 pg/mL)

0.232*(0.038-0.409)

0.019 - -

Pearson’s correlation (two-tailed);
*p < 0.050;
**p <0.010;

CRP - C-reactive protein; ESR - erythrocyte sedimentation rate; APSP — acute postoperative pain; NRS — numerical rating scale

fentanyl dose, age and BMI (p = 0.014). Intraoperative fen-
tanyl dose was also independently associated with maxi-
mum 24-hour APSP (p = 0.007), whereas preoperative
ESR, age, BMI and surgical group were not independently
associated with this outcome.

Inflammatory marker levels in relation to surgical
extent in breast tumor surgery

The mean CRP on admission for the whole cohort was 3.75
* 0.55 mg/L (range 0.6-36.2). By group, mean admission
CRP values were as follows: C, 1.96 + 0.37 mg/L (0.6-8.5);
M, 7.08 £ 1.86 mg/L (0.6-36.2); T, 3.46 £ 0.73 mg/L (0.6-
14.5);and T + A, 2.5 £ 0.39 mg/L (0.6-7.3). Between-group
comparisons showed that patients undergoing mastectomy
(M) had significantly higher circulating CRP on admission
than those who underwent tumor excision (T) (ANOVA,
post hoc LSD, p < 0.05), tumor excision with axillary dis-
section (T + A) (ANOVA, post hoc LSD, p < 0.01), and
excision of a benign lesion (C) (ANOVA, post hoc LSD,
p <0.01) (Figure 2A).

The mean CRP at 24 hours postoperatively for the
whole cohort was 14.17 + 1.41 mg/L (range 0.6-82.4). By
group, mean postoperative CRP values were as follows:
C, 5.22 £ 1.14 mg/L (0.6-23.4); M, 27.54 + 3.61 mg/L
(3.9-82.4); T, 11.96 + 1.8 mg/L (0.9-34.9); and T + A,
13.11 £ 2.19 mg/L (0.9-43.6). Comparisons across
groups, stratified by surgical extent, showed that patients
who underwent mastectomy (M) had significantly higher
circulating CRP at 24 hours than those who underwent
tumor excision (T) (ANOVA, post hoc Games—Howell,
p < 0.05), tumor excision with axillary dissection (T + A)
(ANOVA, post hoc Games-Howell, p < 0.05), and excision
of a benign lesion (C) (ANOVA, post hoc Games—-Howell,
p <0.001) (Figure 2B).

The mean ESR on admission was 23.62 + 1.75 mm/h
(range 2-75). By group, mean admission ESR val-
ues were as follows: C, 14.32 + 2.32 mm/h (2-49); M,
33.48 + 3.86 mm/h (9-75); T, 24.71 + 3.06 mm/h (2-60);
and T + A, 22.8 + 3.98 mm/h (2-73). Between-group com-
parisons showed significantly higher ESR on admission in
patients who underwent mastectomy (M) compared with
those who had excision of a benign lesion (C) (ANOVA:
F = 6.050; post hoc Bonferroni, p < 0.001) (Figure 3A).
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Figure 2. C-reactive protein (CRP) by surgical group; (A) admission
CRP (mg/L); one-way ANOVA with LSD post hoc: p < 0.05 (M vs. T);
p <0.01 (Mvs.C; Mvs. T+ A); (B) CRP at 24 h (mg/L); one-way ANOVA
with Games—Howell post hoc: p < 0.05 (M vs.T; Mvs. T+ A); p < 0.001
(M vs. C); data are mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.050 (*), p < 0.010 (**), p < 0.001 (***)

At 24 hours after surgery, the cohort’s mean ESR was
20.09 + 1.55 mm/h (range 2-64). Across groups, postop-
erative means were as follows: C, 11.46 + 1.61 mm/h (2-
31); M, 26.28 + 3.48 mm/h (2-64); T, 24.71 £+ 3.06 mm/h
(2-60); and T + A, 18 + 3.22 mm/h (2-55). Comparative
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Figure 3. Erythrocyte sedimentation rate (ESR) by surgical group; (A)
admission ESR (mm/h); one-way ANOVA with Bonferroni post hoc:
p <0.001 (M vs. C); (B) ESR at 24 h (mm/h); one-way ANOVA with
Games-Howell post hoc: p < 0.010 (C vs. M; C vs. T); data are mean
+ SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.010 (**), p < 0.001 (**¥)

analysis by surgical extent indicated significantly lower
postoperative ESR in the benign excision group (C)
than in the mastectomy group (M) (ANOVA, post hoc
Games-Howell, p < 0.01) and the tumor excision group
(T) (ANOVA: F = 5.863; post hoc Games-Howell, p < 0.01)
(Figure 3B).

Intraoperative fentanyl dose and acute
postoperative pain

There was a statistically significant positive correlation
between intraoperative fentanyl dose and the maximum
intensity of acute postoperative pain at 24 h (Pearson’s
r=10.279; 95% CI 0.088-0.450; p < 0.01; Table 1). For
the cohort overall, the mean intraoperative fentanyl vol-
ume was 5.47 £ 0.19 mL (range 0.5-10). By group, the
means were as follows: C, 4.17 + 0.24 mL (2-8); M, 7.28
+ 0.3 mL (5-10); T, 4.52 £ 0.32 mL (0.5-7); and T + A,
6.35 +0.27 mL (4-8). Patients in the benign excision group
(C) received significantly less fentanyl than those who
underwent mastectomy (M) (ANOVA, post hoc Games-
Howell, p < 0.001) and those who had tumor excision with
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Figure 4. Intraoperative fentanyl by surgical group; mean intraop-
erative fentanyl volume (mL; 50 pg-mL™ solution); one-way ANOVA
with Games-Howell post hoc: p < 0.001 (C vs. M; Cvs. T + A); data are
mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A - malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.001 (**¥)

axillary dissection (T + A) (ANOVA: F = 26.544; post hoc
Games—-Howell, p < 0.001) (Figure 4).

The mean maximum postoperative pain intensity within
30 minutes (To.s) of surgery for the cohort was 2.56 + 0.21
(range 0-8). By group, the means were as follows: C,
2.11 £ 0.37 (0-8); M, 1.92 + 0.32 (0-5); T, 3.35 + 0.48;
and T + A, 2.9 + 0.46 (0-8). Between-group comparison
showed a significant difference at 30 minutes, with pa-
tients who underwent excision of a malignant tumor (T)
reporting higher maximum pain intensity than those with
excision of a benign lesion (C) (ANOVA: F = 2.786; post
hoc LSD, p < 0.05) (Figure 5A).

The mean maximum postoperative pain intensity with-
in 24 hours (T,4) for the cohort was 2.17 + 0.21 (range
0-8). By group, the means were: C, 1.5 + 0.31 (0-5);
M, 2.16 £ 0.39 (0-6); T, 2.35 + 0.37 (0-5); and T + A,
2.85 £ 0.59 (0-8). There were no statistically significant
differences between groups in maximum pain intensity
within 24 hours of surgery (ANOVA: F = 1.810; p = 0.150)
(Figure 5B).

DISCUSSION

We set out to examine whether routine inflammatory
markers and intraoperative opioid exposure relate to early
pain after breast tumor surgery across different procedures.
In this single-centre prospective cohort, we observed three
robust signals. First, higher preoperative CRP predicted
more intense pain 24 h after breast tumor surgery, whereas
ESR did not. Second, CRP and ESR rose in proportion to
surgical magnitude. Thus, patients undergoing mastectomy
exhibited the highest baseline and postoperative CRP and
ESR values, followed by those receiving axillary dissec-
tion, tumorectomy, and benign excision. Third, the total
intraoperative fentanyl dose correlated positively with both

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 526-533



C-reactive protein and postoperative breast pain

A: APSP (30 min postoperativa)
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p<0.05(Cvs.T)

B: APSP (24 h postoperative)
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Figure 5. Maximum postoperative pain by surgical group; (A) maxi-
mum pain intensity at 30 minutes [numerical rating scale (NRS), 0-10];
one-way ANOVA with LSD post hoc: p < 0.050 (C vs. T); (B) maximum
pain intensity within 24 h (NRS, 0-10); no between-group differences
(one-way ANOVA, p = 0.150); data are mean + SEM;

C - benign lesion excision; T - malignant tumorectomy; T + A — malig-
nant tumorectomy with axillary dissection; M — mastectomy;
significance: p < 0.050

inflammatory load and 24-hour pain intensity, suggesting a
neuroimmune opioid—pain feedback loop. Although mean
numerical rating scale scores at 24 hours were generally
mild, up to 40% of individuals still reported clinically rel-
evant pain (NRS > 4), confirming that breast surgery, even
in the era of enhanced recovery, remains a procedure with
substantial nociceptive burden.

Our findings align with growing evidence that low-
grade systemic inflammation primes postoperative pain.
Associations between perioperative CRP dynamics and
acute postoperative pain have been demonstrated in
other surgical populations, including total knee arthro-
plasty [15]. Evidence specific to breast surgery remains
limited, with signals reported in mastectomy cohorts and
studies linking systemic inflammation to early postopera-
tive recovery [9, 10]. CRP generally outperforms ESR as
a short-term index of inflammatory flux, consistent with
its biology, while ESR is slower and more influenced by
chronic processes (e.g., anemia, age) [8]. Our mastectomy
subgroup showed a four-fold higher mean CRP at 24 hours
than the benign excision subgroup, reinforcing the con-
cept that tissue load predicts systemic inflammation. The

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 526-533

gradient we observed in inflammatory response across
surgical extent mirrors prior evidence that postoperative
CRP kinetics vary according to the type and magnitude
of surgical trauma [16]. Despite such biological gradients,
early pain scores did not differ between groups at 24 hours.
Two non-mutually exclusive explanations are plausible.
First, effective multimodal analgesia may have equalised
pain perception; second, the NRS, while valid and practi-
cal, captures only intensity, not qualitative dimensions such
as movement-evoked pain [17]. Future studies incorporat-
ing quantitative sensory testing and breast surgery-specific
patient-reported outcome measures may reveal more nu-
anced group differences [18].

Mechanistic insights

The breast cancer microenvironment is characterized by
tumor-associated macrophages, fibroblasts and cytokines
that elevate circulating CRP and other acute-phase reac-
tants [19]. High preoperative CRP in mastectomy patients
therefore likely reflects both tumor-driven inflammation
and subclinical systemic inflammation secondary to co-
morbidities (obesity, metabolic syndrome) [20]. Tissue
trauma may amplify this inflammatory state through the
release of damage-associated molecular patterns and ac-
tivation of inflammatory signalling pathways, including
nuclear factor kB, within the tumor and perioperative im-
mune microenvironment [21].

Activated nociceptors express pattern-recognition
receptors; IL-1p and tumor necrosis factor trigger ion-
channel phosphorylation that lowers firing thresholds,
while Fcy-receptor signaling engaged by CRP-immune
complexes at the neuroimmune interface can enhance ex-
citability. Hence, patients entering theatre with high CRP
may begin their postoperative course with a “primed” no-
ciceptive system, explaining the correlation we observed.

Preclinical and translational data suggest that opioid
exposure can interact with microglial and neuroinflam-
matory pathways, increasing proinflammatory signalling
and potentially contributing to paradoxical postoperative
pain amplification [22]. These mechanisms are concordant
with experimental and translational evidence implicat-
ing neuroinflammatory and inflammasome pathways in
opioid-induced hyperalgesia and tolerance [14]. In our
cohort, higher fentanyl requirements paralleled CRP and
ESR elevations and predicted greater 24-h pain, support-
ing this paradigm and suggesting that opioid sparing may
attenuate neuroimmune sensitization.

Clinical implications

Routine perioperative CRP measurement could be an in-
expensive tool for risk stratification. Patients whose CRP
exceeds a yet-to-be-defined threshold might benefit from
intensified, opioid-sparing multimodal analgesia, includ-
ing regional techniques and non-opioid analgesic adjuncts
where appropriate [23].

Persistent inflammation is strongly linked to chronic
pain; after breast cancer treatment, clinically relevant
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shoulder or chest-wall pain remains common months after
surgery [24]. Identifying a high-inflammation phenotype
preoperatively may offer an opportunity to intervene be-
fore the transition to chronic pain occurs. Longer-term
follow-up of this cohort will determine whether baseline
CRP adds prognostic value to existing chronic pain pre-
diction models.

Our data also prompt re-evaluation of routine opioid
dosing in breast surgery. Adoption of regional anesthesia
(paravertebral or pectoral nerve blocks) and adjuvants that
reduce systemic opioid exposure may diminish both in-
flammation and hyperalgesic potential, ultimately improv-
ing short- and long-term outcomes [12, 14, 23].

Limitations

Strengths of this study include a prospective design, si-
multaneous measurement of two biomarkers and inclu-
sion of a benign-tumor control group, enabling separa-
tion of tumor-driven from surgery-driven inflammation.
Limitations comprise single-center scope, modest sample
size per stratum and reliance on a unidimensional pain
scale. The exclusion of regional blocks, while method-
ologically necessary to isolate the inflammation-pain
axis, limits generalizability to settings where such anal-
gesia is standard. Finally, we did not measure pro- and
anti-inflammatory cytokines or genetic polymorphisms
that might refine mechanistic understanding.
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CONCLUSION

Proinflammatory status, captured by CRP but not ESR,
is an independent determinant of early pain after breast
tumor surgery. Surgical magnitude and intraoperative opi-
oid dose further modulate the inflammatory-pain axis.
Routine CRP assessment may guide personalized analgesic
strategies and offers a biomarker target for trials aimed at
preventing persistent postsurgical pain.

Future studies should establish and externally validate
simple, bedside CRP thresholds that predict clinically
meaningful 24-48 h pain, and test whether dampening
perioperative inflammation, via optimized multimodal
care and selective anti-inflammatory strategies (e.g., peri-
operative corticosteroids or IL-6 pathway modulation),
reduces acute pain and subsequent persistence. Prediction
models ought to incorporate psychophysical and psychoso-
cial measures alongside biology to reflect the broader pain
network. Finally, randomized trials comparing opioid-
sparing vs. opioid-rich anesthesia, with immune profiling
and rigorous pain phenotyping, are needed to clarify the
opioid-cytokine interface and its impact on short- and
longer-term outcomes.
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MpeonepatusHu C-peakTMBHU NpoTenH npegsuha 60n NpBor noctonepaTUBHOr AaHa

HaKOH onepauuje Tymopa Aojke

bojaHa Buposuh', AHa Cekynuh'? Carba Burtbesuh lMetpuHosuh?®, Hatawa Yonakosuh'? CumoHa lMetpuyesnh'?,

MunaH lojruh’, Bap6apa Jloboga', Lapko 3apaBKkoBuh'2

"YHUBEP3UTETCKM KIMHUYKO-60NHNYKI LieHTap ,bexaHujcka koca', Beorpag, Cpbuja;

*Ynusep3utet y beorpagy, MeguunHcku dakyntert, beorpag, Cpbuja;

3YHuBep3uTeT y Beorpagy, VIHCTUTYT off HaLmoHanHor 3Havaja 3a Peny6nuky Cpbujy, VIHCTUTYT 3a MEAULMHCKa UCTPaXuBatba, beorpag,
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CAMETAK

YBoa/Uumb Cy6KnuHnuKa nHdNamauuja je BaxkaH GpakTop y Ha-
CTaHKY NocTornepaTMBHOr 60na, anu keHa ynora y Xupypruju
TyMOpa A0jKe Huje MOTMYHO pasjalltbeHa.

Linrb papa 6110 je fa ce cnuTajy BpeLHOCTY NpeonepaTnBHOr
C-peaktuBHor npotenHa (CRP) nnm cegumeHTaLuje eputpoLim-
Ta (SE) y npeAnKumjn akyTHOr noctonepatmsHor 6ona (APSP),
yTULaj 061Ma XMPYPLLKE MHTEPBEHLIMjE Ha NepUONEepPaTVBHM
MHbIaMaTOPHY OAroBOP, Kao 1 NMOBE3aHOCT MHTPaonepaTMBHe
npumeHe deHTaHUNa ca MHTEH3UTETOM Gona.

Mertope MpocneKTrBHa, jeAHOLEHTPMYHA KOXOPTHa CTyAuja
obyxsatuna je 101 ogpacnor 6onecHviKa Ko Kojer je nnaHmpa-
Ha onepauuja fojke. bonecHWUM cy 61N NOAE/bEHN Y YeTUPK
rpyne: mactektomuja (M, n = 25), tymopektomuja (T, n = 28),
TyMOpeKTOMuja ca akcunapHom gucekumjom (T+ A, n = 20) n
eKcum3uja 6eHnrHmx npomena (G, n = 28). BeHcKa KpB je y3uma-
Ha npu npujemy (T0) n HakoH 24 caTa (T24). bon je npouerunBaH
nomohy Hymepuuke ckarne (0-10) 30 MMHyTa HakoH Gyhera 13
aHecTe3wje N HakoH 24 caTa; HajBuLUa BpegHOCT 6ona y npsa 24
cata (max-APSP) 6vna je nprMapHu NCXOA.
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Pesyntatu lMpeonepatusHu CRP 610 je y Kopenauuju ca max-

APSP (p = 0,043), ok SE Huje noKa3ana 3HauajHy NoBe3aHoCT (p

=0,11). lNoyetHe BpegHocTn CRP-a n SE, Kao 1 HbUXoB nopact
HaKoH 24 caTa, paciv Cy NPOnopLIMOHaNHO 06MMy XMpypLLKe
VHTEePBEHLMje, a HajBULLE BPEAHOCTY 3abenexeHe cy Kog Ma-
ctekTomuje (noyetHn CRP 7,1 + 1,9 mg/L; 724 27,5 £ 3,6 mg/L;
ob6a p < 0,01y ogHocy Ha ocTane rpyne). UHTpaonepaTtBHa
npumeHa GpeHTaHmna 6una je y kopenauuju ca CRP-om HakoH
24 cata (r=0,33, p=0,001) n ca max-APSP (r = 0,28, p = 0,005).
3aksbyyak [peonepatriBHa cicTemMcKa MHdnamaLmja npeacTa-
B/ba HE3aBlCaH NPEAMKTOP paHOr MOCTONePaT!BHOT 6051a HaKoH
Xupypruje Tymopa pojke. Obum nHTepBeHLmje nojayasa NHda-
MaTopHY 0AroBop, Aok Beha npumeHa deHTaHWna npaty Behu
CTeneH MHGamaLyje N UHTeH3MTET 6ona. PyTrHCKo oapehuBatbe
CRP-a y nepvionepaTBHOM Nepuoay Moxe nomohu y ugeHtudu-
KaLmjy 6onecHrKa ca BUCOKUM PU3NKOM 1 omoryhnTi npumeHy
LWSbaHUX aHTUMH(IaMaTOPHUX aHaNreTCKMX CTpaTeruja 1 cTpa-
Tervija Kojuma ce cmatbyje ynotpeba onvouga, pagm cmarbera
aKyTHor 6on1a v noTeHLmjanHe NpeBeHLmje XPoHUYHor 6ona.

KrbyuHe peun: akyTHM nocTonepaTtneHY 6071; Xvpypruja Tymo-
pa pojke; C-peakTVBHU NPOTENH; CEAMMEHTaLMja epUTpoLIMTa
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SUMMARY

Introduction/Objective Individuals with autism face significant healthcare barriers due to communica-
tion difficulties, sensory sensitivities, and a lack of specialized training among providers, while systemic
issues like inadequate infrastructure and limited support further hinder access. This study aims to identify
barriers to quality and timely healthcare for individuals with autism in four European countries.
Methods Two subsamples were created: one of family members (138 participants) and another of healthcare
workers (237 participants). Data were collected online from North Macedonia, Serbia, Cyprus, and Spain.
Results Significant differences were found between countries regarding healthcare barriers. Participants
from Serbia and North Macedonia reported greater issues with system integration, limited consulta-
tion time, and insufficient support compared with those from Cyprus, while Spanish participants rated
phone appointment scheduling as a more significant barrier than those from Cyprus. About one-third of
healthcare workers felt comfortable treating patients with autism, with Cypriot participants being more
at ease with communication and those from North Macedonia being more comfortable administering
and monitoring medications. Spanish healthcare workers perceived communication difficulties, sensory
processing issues, and anxiety in patients with autism as greater obstacles than did those from other
countries, while they also rated insufficient training as a more significant barrier than those from Cyprus.
Conclusion This study highlights the need for autism-specific accommodations, comprehensive training
for healthcare professionals, and policy reforms to improve healthcare accessibility and outcomes for
individuals with autism.

Keywords: autism spectrum disorder; healthcare services; training

INTRODUCTION relatively frequent [4]. Comorbid conditions

are associated with poorer outcomes. These
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Autism spectrum disorder (ASD) is charac-
terized by persistent deficits in initiating and
maintaining communication and reciprocal
social interactions, as well as restricted, ste-
reotypical, and repetitive patterns of behavior,
interests, and activities [1]. The prevalence of
ASD is estimated to be around 1% [2].
Individuals with ASD are two to three times
more likely to suffer from neurological and
rheumatological diseases, as well as liver, kid-
ney, and gastrointestinal disorders compared
to the general population. Research indicates
that diseases affecting almost all organs and
organ systems are more prevalent in patients
with ASD than in those without autism [3].
Furthermore, more than half of individuals
with autism have at least one psychiatric diag-
nosis. The most common comorbid psychiatric
conditions include attention-deficit/hyperactiv-
ity disorder, mood disorders, and anxiety, while
schizophrenia spectrum disorders are also

patients require specific clinical management,
good coordination between different healthcare
services, and additional financial resources [5].

Unfortunately, patients with ASD face nu-
merous barriers to accessing healthcare servic-
es. Some of these barriers are directly related to
the characteristics of autism, such as difficulties
in communication and sensory hypersensitiv-
ity. A lack of knowledge and specialized train-
ing for working with ASD patients are examples
of barriers associated with healthcare providers.
Certain obstacles are deeply rooted within the
healthcare system itself, including the unavail-
ability of support for both ASD patients and
healthcare professionals, inadequate infrastruc-
ture, time constraints, and system inflexibility.
Additionally, caregivers can sometimes create
further barriers due to their preference for al-
ternative treatment methods and lack of coop-
eration with healthcare services [6].



Barriers to accessing healthcare systems faced by individuals with autism - a study across four European countries

Research on the accessibility of healthcare systems
and potential obstacles to obtaining healthcare services
analyzes the opinions and perspectives of individuals with
autism, their parents or caregivers, and healthcare profes-
sionals. As expected, different groups of respondents offer
diverse viewpoints regarding the barriers to accessing qual-
ity healthcare. Furthermore, various European countries
have different practices and past experiences in providing
specialized support for ASD patients. Therefore, the aim
of this study is to identify the barriers to accessing quality
and timely healthcare for individuals with autism in four
European countries.

METHODS
Sample

Two subsamples were created in order to assess the current
situation regarding the provision of healthcare services to
people with autism. The first subsample included family
members of people with autism, and the second consisted
of healthcare workers. Both were convenience samples.

We contacted potential participants from the first
subsample through national and/or local organizations
that provide support to people with autism from North
Macedonia, Serbia, Cyprus, and Spain.

The first subsample included 138 participants aged
17-77 years [mean (M) = 45.32; standard deviation
(SD) = 11.12]. Most participants were female (108, or
78.3%), while slightly over one-fifth were male (30, or
21.7%). The majority of the first subsample were mothers
of people with autism (101, or 73.2%), while there were
significantly fewer fathers (22 or 15.9%). The remaining 15
(10.9%) participants were other family members of people
with autism (siblings, grandmothers, and aunts) (Table 1).

Family members with autism were 3-53 years of age
(M = 15.81; SD = 10.56). Most individuals with autism
(55, or 39.9%) were at the second level of support needs.
Thirty-seven (26.8%) individuals with autism were at
the lowest level of support needs, while the remaining 46
(33.3%) were at the highest level (Table 2).

The value of Fisher’s exact test (13.435; p < 0.05) indi-
cates differences in the level of support needs. In Spain,
participants at the highest level of support needs were pre-
dominant. In North Macedonia and Serbia, most individu-
als with autism from families in the first subsample were
at the medium level of support needs, followed by those
at the highest level, while the smallest percentage com-
prised individuals with high-functioning autism (21.6%
and 16% for North Macedonia and Serbia, respectively).
In the subsample of participants from Cyprus, the number
of participants at the lowest and medium levels of support
needs was equal, while 16.7% were at the highest level.

The second subsample, also a convenience sample,
included 237 participants aged 20-68 years (M = 40.54;
SD =10.41). Most participants were female (186, or
78.5%), while about one-fifth of participants (47, or
19.8%) were male. Four participants (1.7%) chose not to
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Table 1. Sample characteristics — family members (N = 138)

A Sex Family member
ge
Country N M (SD) female | male | mother | father | other
N N N N N
North
Macedonia 37 | 42.68(6.79) 31 6 27 5 5
Serbia 25| 52.4(12.28) 22 3 20 3 2
Cyprus 24 | 43.42(10.39) 17 7 15 3
Spain 52 | 44.67 (12.17) 38 14 39 8 5
Table 2. Family members with autism spectrum disorder (N = 138)
Age Level of support
Countr N
v M (SD) LN) | IN) | i)
North Macedonia | 37 12.14 (5.46) 8 19 10
Serbia 25 22.48 (9.56) 4 13 8
Cyprus 24 14.29 (9.93) 10 10 4
Spain 52 15.92 (10.56) 15 13 24
Table 3. Age and education level of healthcare workers (N = 237)
Education level
Age -
Country N M (SD) high | college/ | master's/
school | university PhD
North Macedonia | 49 | 39.88(8.28) 5 36 8
Serbia 102 [ 40.33(10.77) 45 45 12
Cyprus 26 | 36.69 (7.72) 0 9 17
Spain 60 |42.73(11.91) 0 36 24

declare their gender. Half of the participants (119 or 50.2%)
were nurses and technicians. The sample also included
12 (5.1%) general practitioners, 31 (13%) resident physi-
cians, 47 (19.8%) specialists, six (2.5%) dentists, and 22
(9.3%) other healthcare professionals and associates, most
of whom were physical therapists (n = 8) and radiology
technicians or radiographers (n = 6).

Resident physicians and specialists covered very dif-
ferent medical fields. The majority were pediatricians
(n = 20). Some were subspecialists in pediatric immunol-
ogy, developmental pediatrics, neuropediatrics, or pediat-
ric gastroenterology. They were followed by specialists in
family medicine (n = 6) and psychiatry (n = 5). There were
three specialists in each of the following fields: transfu-
sion medicine, surgery, and nuclear medicine. Numerous
other medical branches were represented by one or two
participants each (dermatology, ophthalmology, neurol-
ogy, hematology, anesthesiology, cardiology, gynecology,
pathology, internal medicine, radiology, etc.). Slightly over
one-third of the participants (84 or 35.4%) graduated from
university. They were followed by participants who com-
pleted high school (50, or 21.1%) and a vocational college
(42, or 17.7%). Forty participants (16.9%) had a master’s
degree, while 21 (8.9%) had a PhD (Table 3). Given the
wide age range, it is not surprising that the participants also
differed substantially in work experience, which ranged
1-48 years (M = 15.55; SD = 10.58).

Most participants (83, or 35%) acquired only basic
knowledge about autism during their undergraduate stud-
ies. Slightly over one-fourth of the participants (64, or 27%)
had never received any education on autism. About one-
fifth of participants (47, or 19.8%) completed some form
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Table 4. Obstacles to accessing healthcare services — assessment by family members of people with autism (percentage values)

N Not an Somewhat A very
Item obcs):aacrl]e important | Neutral ofan important
obstacle obstacle obstacle
Communication difficulties experienced by people with ASD. 6.5 8 3.6 333 48.6
Difficulties in sensory processing. 9.4 11.6 8.7 304 39.9
Anxiety, fear, and refusal to cooperate during the examination. 8 9.4 8.7 26.1 47.8
Self-harm and aggression. 31.9 8 11.6 18.8 29.7
Insufficient training of healthcare workers in working with individuals with autism. 5.8 8.7 58 27.5 522
Inflexibility of healthcare staff in approaching a person with autism. 8 8.7 11.6 27.5 44.2
Insufficient motivation of healthcare workers to help a person with autism. 7.2 13 9.4 26.8 435
gfgilslc::;%t}::rztntudes and suggestions of persons with autism and/or their 94 10.9 94 326 377
;F;Si:;ci';or:;aisn?;girr;?dht into the reports of other professionals because the 8 8 13 232 478
No extra time to work with an autistic patient. 5.1 8 7.2 20.3 59.4
Adequate incentives are not provided for working with an autistic patient. 3.6 7.2 10.9 24.6 53.6
Z::iitfiz:]rgig:;irégloitnzz\::;i.health needs of a person with ASD with their 8.7 94 3 15.9 58
g—\y;s)tzrrsnogxlviir:: érScI?V:; Enzi;;a(:?‘ig member has difficulty with the appointment 6.5 123 145 26.8 399
Table 5. Level of comfort in working with people with autism
How comfortable do you feel uf&%ﬁﬁﬁ'gle Uncomfortable Neutral Comfortable g)onr:}g:f;ilé
N % N % N % N % N %

Examining a patient 23 9.7 56 23.6 68 28.7 73 30.8 17 7.2
Communicating with a patient 25 10.5 68 28.7 59 249 67 28.3 18 7.6
Discussing the medical plan 27 1.4 60 253 80 33.8 57 24.1 13 5.5
Using pictures to communicate 26 11 46 19.4 93 39.2 54 228 18 7.6
Inquiring about communication needs 16 6.8 61 25.7 84 354 59 249 17 7.2
Administering medications and monitoring effects 28 11.8 57 24.1 82 346 55 232 15 6.3
Cooperating with parents 17 7.2 40 16.9 61 257 76 321 43 18.1
Cooperating with other professionals 15 6.3 37 15.6 61 25.7 83 35 41 173
Finding adequate information about autism 13 5.5 41 17.3 75 316 79 333 29 12.2

of informal training. Significantly fewer participants (26,
or 11%) acquired basic knowledge about autism through
their postgraduate studies. Only 17 participants believed
that they had thorough knowledge about autism acquired
either during undergraduate studies (five, or 2.1%) or post-
graduate studies (12, or 5.1%).

Healthcare workers most often claimed that they rarely
had patients with autism (103, or 43%), while 72 (30.4%)
occasionally had patients with ASD. Almost one-fifth of
the participants (46, or 19.4%) reported never having had
a patient with autism, while 16 (6.8%) were in frequent
professional contact with patients with autism.

Assessment instrument

This research, part of the European project HeAlth:
Improving access to healthcare services for people with
autism, involved creating the Barriers in Healthcare survey
for healthcare workers and family members of individuals
with autism. The survey, developed based on a systematic
review of national and international evidence, was analyzed
by a consulting group, including two people with autism
and their family members. It was translated into national
languages and distributed to participants. The survey had
two parts: one collected participant demographics, and the

‘ DOI: https://doi.org/10.2298/SARH260706080G

other assessed healthcare barriers using a five-point Likert
scale. Participation was voluntary, with informed consent
provided by all participants.

Data analysis

The results are presented in absolute numbers and percent-
ages. Since the conditions for parametric statistical tech-
niques were not met (violations of the assumptions of nor-
mality and homogeneity of variance, along with unequal
subsample sizes), differences in scores of participants from
different countries were examined by the Kruskal-Wallis
test. In cases where statistically significant differences
were found, we applied a series of Mann—-Whitney U tests
to determine more precisely which groups differed. The
Bonferroni correction was applied in each case to avoid
type I errors.

RESULTS
We will first present the results obtained from the sub-
sample of family members of persons with autism and then

the results from healthcare workers.
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Family members of persons with autism

The overall distribution of family members’ ratings of
barriers to healthcare access is presented in Table 4. The
Kruskal-Wallis test revealed statistically significant differ-
ences between family members of people with autism in
different countries on four items.

The statement that ‘the doctor has no insight into the re-
ports of other professionals because the system is not inte-
grated’ was rated differently by participants from different
countries — X*(3, N = 138) = 9.374, p = 0.025. Participants
from Serbia and North Macedonia had a higher median
score (Md = 5) than participants from Spain (Md = 4) and
Cyprus (Md = 3). We conducted post hoc comparisons
using a series of Mann-Whitney U tests, with Bonferroni
adjustment of the alpha value, to determine which groups
differed significantly. The results showed that participants
from North Macedonia significantly differed from the par-
ticipants from Cyprus (p = 0.008, r = 0.23), while the dif-
ference between participants from Serbia and those from
Cyprus was on the borderline of statistical significance
(p=0.012,r =0.21). According to Cohen’ criteria, the ef-
fect size approaches medium values (r > 0.2).

The Kruskal-Wallis test also showed differences in
ratings of the statement that doctors have no extra time
to work with autistic patients - x> (3, N = 138) = 8.857,
p = 0.031. Participants from Cyprus had a lower medi-
an score (Md = 4) than all other participants (Md = 5).
However, post hoc comparisons using the Mann-Whitney
U test, with Bonferroni adjustment of the alpha value,
found statistically significant differences only between
participants from Serbia and those from Cyprus, with an
effect size between small and medium values (p = 0.008,
r=0.22).

Participants from North Macedonia, Serbia, and Spain
agreed with the statement that doctors are not provided
with adequate incentives for working with autistic pa-
tients (Md = 5) much more than participants from Cyprus
(Md =4) - x* (3, N =138) = 14.026, p = 0.003. Post hoc
comparisons using the Mann-Whitney U test, with
Bonferroni adjustment of the alpha value, found statis-
tically significant differences between participants from
North Macedonia and participants from Cyprus (p < 0.001,
r =0.31), as well as between participants from Serbia and
those from Cyprus (p = 0.004, r = 0.25), with a medium
effect size.

Significant differences were also found in ratings of the
statement that making an appointment over the phone
is an obstacle to healthcare system accessibility — x* (3,
N = 138) = 8.489, p = 0.037. Participants from Cyprus
had the lowest median (Md = 3), followed by participants
from North Macedonia and Serbia (Md = 4), and, finally,
participants from Spain (Md = 4.5). After conducting the
Mann-Whitney U tests, with Bonferroni adjustment, the
only significant difference was found between participants
from Cyprus and those from Spain (p = 0.007, r = 0.23),
with an effect size that, according to Cohen’s criteria, falls
between small and medium values.
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Healthcare workers

The results shown in Table 5 indicate that about one-third
of the participants felt comfortable or completely com-
fortable when examining patients with autism and com-
municating with them, discussing a medical plan, using
pictures to communicate, determining communication
needs, administering medications and monitoring their
effects. About half of the healthcare workers felt comfort-
able or completely comfortable cooperating with parents
and other healthcare professionals, as well as finding ad-
equate information about autism. An initial analysis us-
ing the Kruskal-Wallis test indicated possible differences
in the ratings of three items by participants from differ-
ent countries. However, post hoc comparisons using the
Mann-Whitney U test found statistically significant dif-
ferences only in individual cases on two items. Participants
from Cyprus were more comfortable communicating with
autistic patients than participants from Spain (p = 0.004;
r = 0.19), while participants from North Macedonia felt
more comfortable administering medications to autistic
patients and monitoring their effects (p = 0.002; r = 0.2).
In both cases, the effect size falls between small and me-
dium values.

Healthcare workers’ ratings of barriers to healthcare
access are presented in Table 6. Healthcare workers’ as-
sessments of the obstacles faced by people with autism
in the healthcare system revealed significant differences
between countries on four items. Three items refer to ob-
stacles related to the symptoms of autism, while one item
is related to healthcare workers. Since the median values
were almost identical, in examining potential differences,
we relied on mean ranks and post hoc comparisons using
the Mann-Whitney U test, with Bonferroni adjustment
of the alpha value. The mean rank values were the highest
among participants from Spain on all four items, while
they were relatively uniform among participants from
other countries.

Participants from different countries differed in their as-
sessments of the extent to which communication difficulties
experienced by people with ASD (e.g., identifying and com-
municating symptoms) represented an obstacle to accessing
the healthcare system - x* (3, N = 237) = 15.267, p = 0.002.
The Mann-Whitney U test showed that participants from
Spain rated this item significantly higher than participants
from Serbia (p < 0.001, r = 0.31) and those from Cyprus
(p =0.002, r = 0.26), with a medium effect size.

Participants from different countries also differed in
their assessments of the extent to which sensory process-
ing difficulties experienced by people with autism posed
an obstacle to accessing the healthcare system - x* (3,
N =237) = 11.277, p = 0.01. Participants from Spain rated
this item significantly higher than participants from North
Macedonia (p = 0.013, r = 0.21), Serbia (p = 0.002, r = 0.26),
and Cyprus (p = 0.012, r = 0.21). According to Cohen’s cri-
teria, the effect size is between small and medium.

Statistically significant differences between participants
from different countries were also found regarding the ex-
tent to which anxiety, fear, and refusal to cooperate during
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Table 6. Obstacles to accessing healthcare services — assessment by healthcare workers (percentage values)

Not an Somewhat | A very
Notan |. .
Item ek important | Neutral ofan important
obstacle obstacle | obstacle
Communication difficulties experienced by people with ASD. 42 16.5 9.3 41.8 28
Difficulties in sensory processing. 4.2 13.9 12.7 40.9 283
Anxiety, fear, and refusal to cooperate during the examination. 4.2 12.2 10.5 32.1 40.9
Self-harm and aggression. 4.2 13.9 16 27.8 38
Insufficient training of healthcare workers in working with individuals with autism. 4.6 11.8 12.2 304 40.9
Inflexibility of healthcare staff in approaching a person with autism. 6.3 12.2 16.9 34.2 304
Insufficient motivation of healthcare workers to help a person with autism. 9.3 11.8 224 32.1 25
Neg.lectlng the attitudes and suggestions of persons with autism and/or their 76 1041 219 325 379
family members.
The dogtor ha; no insight into the reports of other professionals because the 8 135 18.1 29,1 312
system is not integrated.
No extra time to work with an autistic patient. 7.6 9.3 15.2 30 38
Adequate incentives are not provided for working with an autistic patient. 7.2 12.7 19.8 28.3 321
Thg famlly ca‘nno.t cover all health needs of a person with ASD with their 59 105 186 5.7 392
existing medical insurance.
A person V\{Ith ASD or their family member has difficulty with the appointment 93 131 173 333 57
system online or over the phone.

the examination of people with autism posed an obstacle to
accessing the healthcare system — x* (3, N = 237) = 9.445,
p = 0.024. The Mann-Whitney U test showed that partici-
pants from Spain rated this item higher than participants
from Serbia (p = 0.009, r = 0.22) and those from Cyprus
(p =0.005, r = 0.24), with the effect size approaching me-
dium values.

The Kruskal-Wallis test indicated differences between
participants from different countries regarding the opinion
that insufficient training of healthcare workers represented
an obstacle to people with autism - x* (3, N = 237) = 7.858,
p = 0.049. However, post hoc comparisons found statisti-
cally significant differences only between participants from
Spain and those from Cyprus (p = 0.007, r = 0.23).

DISCUSSION

Family members and medical professionals report notable
differences in perceived healthcare barriers for people with
autism, highlighting the systemic and cultural impacts
across nations. The findings align with previous studies
that show significant obstacles in healthcare access, par-
ticularly due to the challenges of navigating healthcare sys-
tems and the inadequacy of traditional communication
methods for autistic patients.

This study supports findings from other research, which
identified poor communication between patients and doc-
tors as a source of misinterpretations, incorrect diagnoses,
and frustration [7]. The study confirms that communica-
tion remains a significant barrier in many nations, par-
ticularly when providers are not trained in autism-specific
communication. Additionally, previous studies have high-
lighted sensory problems in healthcare settings, and this
study demonstrates the continued unmet need for sensory
adjustments worldwide [8, 9].

Recent evidence indicates that autistic adults experi-
ence multiple barriers to accessing healthcare, including

‘ DOI: https://doi.org/10.2298/SARH260706080G

systemic and organizational obstacles that contribute to
unmet needs and difficulties in navigating services, un-
derscoring disparities in care even within public health
systems [10].

Research highlights the importance of support networks
in improving healthcare access. Mazurek et al. [11] found
that individuals with strong family and community sup-
port face fewer healthcare barriers, which aligns with this
study. It shows how these networks vary between nations,
with better results in countries with stronger autism ad-
vocacy and support.

The effectiveness of current autism training pro-
grams is also a key issue. Previous studies, including a
recent systematic review, have shown that many health-
care professionals feel insufficiently prepared to care for
autistic patients, largely due to limited autism-specific
training during medical education and clinical practice
[12]. Building on research by Crane et al. [13], this study
emphasizes that current training programs often address
general disabilities rather than autism-specific needs. It
underscores the necessity for training healthcare providers
to address challenges specific to autism, such as sensory
sensitivities and alternative communication methods, to
improve care for autistic patients.

Prior studies have emphasized the need for struc-
tured, comprehensive autism training within healthcare
programs. This study builds on those recommendations
by highlighting the specific training needs identified by
healthcare workers, such as communication techniques
and sensory accommodations. It stresses the global need
for standardized autism training focused on practical skills
rather than just theoretical knowledge, supporting findings
from other studies [14]. Research on cultural competence
training further suggests that such training may improve
professionals’ preparedness to work with diverse popula-
tions and some patient-reported aspects of care, although
evidence of direct effects on health outcomes remains in-
conclusive [15, 16].
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The analysis revealed several country-specific differences
in the perceived barriers to healthcare access for autistic
individuals, although the pattern differed between family
members and healthcare workers. Among family members,
participants from Serbia and North Macedonia reported
higher ratings of several organizational barriers, particularly
limited integration between healthcare professionals, insuf-
ficient time for physicians, and insufficient incentives for
working with autistic patients, whereas participants from
Cyprus generally reported lower ratings of these barriers.
In contrast, healthcare workers from Spain reported higher
ratings of autism-specific barriers, including communication
and sensory difficulties and anxiety or refusal to cooperate
during examinations. These differences may reflect varia-
tions in the organization and integration of healthcare ser-
vices, the availability of specialized autism services, profes-
sional education and training, exposure to autistic patients,
and cultural expectations regarding healthcare, although
these factors were not directly assessed in the present study.
The higher ratings reported by Spanish healthcare work-
ers may, for example, reflect greater recognition of autism-
specific challenges rather than necessarily greater barriers
in the healthcare system itself. However, this interpretation
should be considered hypothetical. The differing patterns
reported by family members and healthcare workers further
suggest that healthcare accessibility is multidimensional and
may be influenced by both system-level characteristics and
the recognition of autism-specific needs. Future comparative
research should therefore examine country-level differences
in service organization, autism-specific training, national
policies, and the availability of specialized services.

These findings have several practical implications for
improving healthcare accessibility for autistic individuals.
First, healthcare professionals should receive standardized
autism-specific training that includes practical skills in
communication, recognition of sensory needs, and adapta-
tion of healthcare procedures to individual needs. Second,
healthcare settings should consider sensory-friendly ad-
aptations, such as reducing unnecessary sensory stimuli
and providing appropriate communication supports.
Third, healthcare services should consider more flexible
appointment procedures and longer consultation times
when needed, as well as better integration and exchange of
information between professionals. Together, these mea-
sures could contribute to more accessible and responsive
healthcare for autistic individuals.

Limitations

There are several limitations that should be considered
when interpreting the findings. First, the use of conve-
nience sampling and relatively small samples within in-
dividual countries limits the generalizability of the results
and may have affected the comparability of the country
groups. Differences in sample composition across coun-
tries, including participants’ professional or family roles
and their experience with autistic individuals, may also
have contributed to the observed cross-country differences.
Second, the study relied on self-reported data, which may
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be influenced by participants” individual experiences,
expectations, and perceptions of autism and healthcare
services. Third, the study did not systematically assess
potentially important country-level factors, such as dif-
ferences in healthcare organization, availability of special-
ized autism services, autism-specific professional training,
national policies, or clinical guidelines. In addition, differ-
ences in the way autism is perceived, diagnosed, and sup-
ported across countries may have influenced participants’
responses and may partly account for the observed cross-
country differences. These factors should therefore be con-
sidered when interpreting the findings, particularly when
making international comparisons. Future comparative
studies should include more representative and comparable
samples and incorporate systematic measures of healthcare
systems, professional training, and national autism policies.

CONCLUSION

This study highlights the barriers autistic individuals face
in accessing healthcare and identifies differences in the
perceived barriers across the four countries included in
the study. The findings indicate the importance of ad-
dressing autism-specific needs within healthcare services,
particularly in relation to communication, sensory needs,
healthcare professionals’ training, and the organization and
integration of services. Practical measures may include
standardized autism-specific training for healthcare pro-
fessionals, sensory-friendly adaptations of healthcare en-
vironments, appropriate communication supports, flexible
appointment procedures, and improved coordination and
information sharing between professionals. These mea-
sures may contribute to more accessible and responsive
healthcare for autistic individuals. Further comparative
research is needed to examine how healthcare organiza-
tion, professional training, national policies, and the avail-
ability of specialized autism services influence healthcare
accessibility across countries.
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Mpenpeke y NPpUCTYNy CUCTEMUMA 34DaBCTBEHE 3aLUTMTE Ca KOjUMa Ce CyouaBajy
ocobe ca ayTMU3MOM — CTyAM]ja Yy YETUPM eBPONCKe 3eM/be

HeHapg Mym6uh'2, MupjaHa hophesuh'?, JacmmHa TpolwaHcka®, Mapuja Meputo MapTuHes**¢, Anekcangpa Qaka’,

TaHwja lapcuja-Bute’

'"YHueep3uTeT y beorpapy, OakynTeT 3a cnewnjanty egykauujy u pexabunutauujy, beorpag, Cpbuja;

*OoHpauuja A Thousand Wishes, beorpap, Cpbuja;

*Autism Macedonia Blue Firefly, Ckonsbe, CeBepHa MakegoHuja;
“OpraHu3auuja Autismo Burgos, byproc, LLnanuja;

*QoHpauwja Miradas, byproc, LLinaHuja;

YHnsepauTet y byprocy, Byproc, LUnaHuja;

’LlenTap usBpcHocTy CYENS, Hukosuja, Kunap

CAMETAK

YBoa/LUnm Ocobe ca ayTM3aMom cyouaBajy ce ca 3HayajHuM
npenpekama y NpucTyny 3ApaBCcTBEHO] 3aLwTuTK 360r Telkoha
Y KOMYHVKaLujyi, CEH30pHe OCET/bUBOCTU U HefoCTaTKa Cre-
Lmjanu3oBaHe obyKe npy»anaLa 34paBCTBEHUX YCNyra, AOK
CUCTEMCKM Npobniemu, Kao LUTO Cy HeaAeKBaTHa MHPPACTPYK-
Typa 1 orpaHnyeHa nofpLUIKa, AOAATHO OTeXKaBajy MPUCTY.
Linms oBe cTyauje je pa ngeHTndrKyje npenpexe 3a KBanUTeTHy
1 NpaBOBPEMeHY 34PaBCTBEHY 3aLUTUTY 0coba ca ayT3MOM Y
YeTMpK eBpOorcKe 3embe.

MeToae OopmumpaHa cy ABa Nogy3opKa: jejaH of YnaHoBa
nopoauua (138 yuecHviKa) 1 Apyrv Of 30paBCTBEHNX PafHYKa
(237 yyecHuKa). Mopaum cy nprKymn/beHy oHnajH 13 CeBepHe
MakegoHuje, Cpbuje, Kunpa u Lnanuje.

Pesynrtatu YTBpheHe cy 3HauyajHe pa3nuke nmehy semasma y
Be3¥ Ca npenpekama y 34paBCTBEHO] 3alUTUTK. YYeCHULM 13
Cpbuje n CeBepHe MakepoHuje npujasunu cy Behe npobneme
ca yBe3aHolURy ycryra yHyTap cucTeMa, HeloCTaTKOM BpeMeHa
neKapa 1 He[lOBOJbHOM MOAPLUKOM y mopehetby ca yyecHnLyma
ca Kunpa, gok cy yyecHnum u3 LLinaHwje 3aka3uBame TepMuHa
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TenepoHOM oLeHnNM Kao Behy npenpeKy Hero yuecH1LM ca
Kunpa. Otnpunuke TpehrHa 3apaBCcTBEHMX pagHMKa ocehana
ce KOMPOPHO NPUNMNKOM Neyetba NaLujeHaTa ca ayTU3mMom,
npw Yyemy cy ce yyecHuum ca Kunpa ocehanu kompopHuje y
KOMYHUKauwmju, a yyuecHuum n3 CesepHe MakegoHuje y npu-
MeHV niekoBa 1 npahetby Tepanuje. 34paBCTBEHN PafHNLIN U3
LLinaHuje cmaTtpanu cy Tewwkohe y KomyHuKaLwmju, npobneme ca
CEeH30PHUM NpoLecpabeM 1 aHKCMO3HOCT KOA NaLvjeHaTa
ca ayTv3mom Behim npenpekama Hero 3paBCTBEHN PafHNLIN
U3 Jpyrvix 3emMasba, a HelocTaTak obyKe oLeHuny cy Kao Behy
npenpeky Hero yyecHuum ca Kunpa.

3akspyuak OBa cTyAuja yKasyje Ha noTpeby 3a npunarohasa-
HbeM 3[paBCTBEHE 3aLTUTe cneundruuHUm notpebama ocoba
Ca ayTr3MOM, CBEOOYXBAaTHUM 0OyKama 3 paBCTBEHVIX PagHUKa
1 pedpopmama 3paBCTBEHE MONMTYIKE Kako 61 ce noborbLuany
NPWCTYN 34PaBCTBEHO] 3aLUTUTY 11 3APABCTBEHN CXOAM 0C06a
ca ayTV3MOM.

KmyuHe peun: nopemehaj 13 cnekTpa ayTri3amMa; 34paBCTBEHE
ycnyre; obyka
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An atypical groin mass in a middle-aged woman -
inguinal leiomyoma as a rare clinical entity

Perica Adnadevi¢, Marjana Dordevi¢, Violeta Deki¢, Luka Zari¢, Lejla Hajdarpasic
Dr Dragi$a Misovi¢ - Dedinje University Hospital Center, Department of Radiology, Belgrade, Serbia

SUMMARY

Introduction Leiomyomas are benign smooth muscle tumors that rarely occur outside the uterus. Inguinal
canal leiomyomas are particularly uyncommon and may resemble hernias, endometriosis, lymphadenopa-
thy, or other soft tissue lesions, making preoperative diagnosis difficult.

Case outline We report the case of a 47-year-old woman with a painless right inguinal mass, first noticed
approximately 1.5 years before surgery and progressively enlarged without associated systemic symp-
toms. Examination revealed a mobile, well-defined, non-tender lesion. Ultrasound showed a heteroge-
neous, predominantly hypoechoic, vascular mass. Computed tomography demonstrated a hypodense
lesion with heterogeneous enhancement and preserved surrounding fat planes. Magnetic resonance
imaging revealed a well-circumscribed, partially cystic mass without infiltration or fatty or hemorrhagic
components. Its proximity to the round ligament and arterial supply from a branch of the inferior epi-
gastric artery raised the possibility of leiomyoma, endometriosis, or another benign soft tissue tumor.
Due to progressive growth and uncertain etiology, the mass was surgically removed in late 2024. Gross
examination showed an encapsulated, whitish, elastic lesion. Histology demonstrated a mesenchymal
proliferation without atypia or necrosis. Positive staining for a-smooth muscle actin, caldesmon, desmin,
estrogen receptors, and progesterone receptors, together with a Ki-67 index below 1%, established the
diagnosis of leiomyoma. Two postoperative abdominal ultrasound examinations, including both inguinal
regions, showed no evidence of local recurrence. The patient remains asymptomatic.

Conclusion Inguinal canal leiomyoma should be considered in the differential diagnosis of a slowly grow-
ing groin mass. Imaging defines its extent and relationship to adjacent structures, while histopathology
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and immunohistochemistry establish the definitive diagnosis and guide treatment.
Keywords: leiomyoma; inguinal canal; groin mass; differential diagnosis; case report

INTRODUCTION

Leiomyomas are among the most frequent be-
nign tumors of the female genital tract, affect-
ing nearly one in three women of reproductive
age [1]. While they usually develop within the
uterine myometrium and may lead to abnormal
bleeding, pelvic pain, or infertility, their extra-
genital occurrence is uncommon. Rarely, they
have been described in sites such as the broad
ligament, the round ligament, and, in exceptional
cases, the inguinal canal [2].

The diagnostic challenge of inguinal leiomyo-
mas stems from their ability to mimic far more
prevalent conditions, including inguinal hernia,
lymphadenopathy, cyst of the canal of Nuck, or
endometriosis [3]. Because of their rarity and
nonspecific presentation, reaching a preoperative
diagnosis is often difficult. Multimodal imag-
ing — most notably ultrasound (US), computed
tomography (CT), and magnetic resonance
imaging (MRI) - can help refine the differential
diagnosis, yet histopathological and immuno-
histochemical evaluation remain essential for
definitive confirmation [4].

Awareness of this entity is crucial, since over-
looking it may lead to misdiagnosis and even
unnecessary oncological treatment. This report
describes the case of a 47-year-old woman with

an inguinal canal lelomyoma, emphasizing the
radiological findings, surgical outcome, and
histopathological correlation, and discussing
the key considerations that distinguish this rare
lesion from other groin masses.

CASE REPORT

A 47-year-old woman presented with a pro-
gressively enlarging, painless mass in the right
inguinal region. She denied systemic symptoms
such as weight loss, fever, or night sweats. On
physical examination, the lesion was mobile,
well-circumscribed, and non-tender, with no
signs of overlying skin changes.

Laboratory analyses revealed normal hema-
tological and biochemical parameters. Tumor
markers, including carcinoembryonic antigen,
a-fetoprotein, human epididymis protein 4,
and cancer antigen 15-3, were within refer-
ence ranges.

US examination demonstrated a heteroge-
neous, predominantly hypoechoic, well-circum-
scribed mass with internal vascularity (Figures 1
and 2). CT imaging revealed a hypodense lesion
with heterogeneous post-contrast enhancement
and preserved fat planes relative to surrounding
musculature and iliac vessels (Figures 3 and 4).
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Figure 1. Lobulated soft tissue mass in the right inguinal region with
heterogeneous structure — convex probe

Figure 2. Well-defined hypoechoic lesion, moderately vascularized in
Doppler mode - imaged with a linear probe

Figure 3. An axial CT image obtained after intravenous contrast ad-
ministration shows a sharply defined, hyperdense lesion in the right
inguinal region, exhibiting moderate post-contrast enhancement

strates a subcutaneous, right inguinal, oval-shaped, sharply contoured
lesion with heterogeneous signal intensity and areas of cystic degen-
eration

MRI confirmed a well-encapsulated, partially cystic mass,
hyperintense on T2-weighted sequences, without evidence
of infiltration or intraperitoneal extension (Figures 5 and 6).

Summary across modalities: across all imaging modalities
(US, CT, and MRI), the lesion in the right inguinal region
consistently appeared as a well-circumscribed, encapsulated,
heterogeneous mass with partially cystic components, show-
ing internal vascularity and heterogeneous post-contrast
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Figure 4. A coronal CT image obtained after intravenous contrast
administration shows a sharply contoured heterodense lesion, mea-
suring 120 X 50 mm, in the right inguinal region, with extension into
the perineum

Figure 6. A coronal T1-weighted volumetric interpolated breath-hold
examination sequence with fat suppression demonstrates an oval,
sharply contoured lesion with heterogeneous signal intensity and solid
and cystic components in the right inguinal area, showing moderate
post-contrast enhancement of the solid component; the lesion mea-
sures 120 x 45 mm in the coronal plane

enhancement. Importantly, fat planes separating the lesion
from adjacent iliac vessels and surrounding musculature
were preserved, and there were no imaging signs of inva-
sion or intraperitoneal extension. The imaging constella-
tion favored a benign soft tissue tumor, with leiomyoma
considered among the leading differential diagnoses, along
with other benign inguinal lesions such as a canal of Nuck
cyst or endometriosis.

www.srpskiarhiv.rs ‘

543



Surgical management: Following preparation of the
surgical field, a right oblique inguinal incision was made.
After careful dissection of the inguinal canal, the mass was
completely excised. Gross examination revealed an encapsu-
lated lesion measuring 100 x 65 x 40 mm, whitish in color,
with a smooth, glistening surface and elastic consistency.

Histopathology: microscopic evaluation revealed a
mesenchymal proliferation of moderate cellularity com-
posed of uniform spindle cells with eosinophilic cyto-
plasm and elongated nuclei with blunt ends. No atypia,
necrosis, or significant mitotic activity was identified.
The stroma showed focal hyalinization and mild myxoid
changes. Immunohistochemistry demonstrated positivity
for a-smooth muscle actin (a-SMA), caldesmon, desmin,
estrogen receptors, and progesterone receptors, with nega-
tivity for SOX10 and S100. Ki-67 was expressed in < 1% of
tumor cells. The final diagnosis was leiomyoma.

DISCUSSION

Extragenital leilomyomas are exceedingly uncommon, and
when located in the inguinal canal, they pose a considerable
diagnostic challenge. Most of the reported cases occur in
women of reproductive age, likely due to the hormonal re-
sponsiveness of these tumors [5]. The proximity to the round
ligament and the expression of estrogen and progesterone
receptors in our case support the role of hormonal influence.

Clinically, inguinal leiomyomas are frequently mistaken
for more common pathologies such as hernias, lymphade-
nopathy, canal of Nuck cysts, or endometriosis [6]. Imaging
plays a pivotal role in narrowing the differential diagnosis.
US often demonstrates a solid, vascularized mass, while CT
and MRI can provide better definition of lesion margins
and the relationship with adjacent structures [7]. However,
as in our case, imaging cannot always reliably distinguish
between leiomyomas and other benign or malignant soft
tissue tumors.

REFERENCES

1. ArezzoF, Cazzato G, Loizzi V, Cataldo V, Mongelli M, Lombardi C,
et al. Preoperative sonographic assessment of a leiomyoma of the
round ligament. Acta Biomed. 2022;93(51):e2022125.

[DOI: 10.23750/abm.v93iS1.11717] [PMID: 35671098]

2. Tympa A, Grigoriadis C, Terzakis E, Goudeli C, Melemeni A.
Leiomyoma of the uterine round ligament: a case report. Exp Ther
Med. 2021;22(5):1285. [DOI: 10.3892/etm.2021.10720]

[PMID: 34630640]

3. KosakiR, Makino H, Tsumura S, Yamagishi S. A case of a
round ligament leiomyoma which was difficult to diagnose
preoperatively. J Jpn Surg Assoc. 2023;84(6):935-40.

[DOI: 10.3919/jjsa.84.935]

4. ElloumiH, Sayari S, Ben Moussa M. Case report: a round ligament
leiomyoma presenting as an uncomplicated left inguinal hernia.
Saudi J Med. 2019;4(8):636-8.

[DOI: 10.36348/5jm.2019.v04i08.016]

5. Byun GY, Koo BH, Lee SG, Kim MJ, Lee SR. Laparoscopic removal of
rare variant of leiomyoma in the female inguinal canal: a report of
two cases. J Surg Case Rep. 2019;2019(8):rjz242.

[DOI: 10.1093/jscr/rjz242] [PMID: 31462985]

DOI: https://doi.org/10.2298/SARH251123069A

Adnadevi¢ P. et al.

Histopathological examination remains the gold standard
for diagnosis. Typical features include uniform spindle cells
arranged in fascicles, absence of significant atypia, and low
mitotic activity. Immunohistochemistry is invaluable in
confirming smooth muscle differentiation (a-SMA, desmin,
and caldesmon positivity) and excluding other spindle cell
neoplasms such as schwannomas or sarcomas [8].

Surgical excision is the treatment of choice, with an
excellent prognosis and minimal recurrence risk when
margins are free. Reported recurrence is exceedingly rare,
supporting the benign nature of this entity [9].

Notably, a comprehensive review of the literature iden-
tified no reported cases of round ligament leiomyoma
recurrence over the preceding 25 years, reinforcing the
favorable long-term outcome following complete surgical
excision [10]. Consistent with these findings, our patient
underwent two postoperative ultrasound examinations,
including targeted examination of both inguinal regions,
which showed no evidence of local recurrence. The patient
remains asymptomatic and in good general condition.

Therefore, accurate recognition of this rare lesion can
prevent unnecessary radical or oncological procedures.

Heightened awareness of this entity among radiolo-
gists, gynecologists, and surgeons is essential to prevent
misdiagnosis and unnecessary oncological interventions,
and this entity should remain an integral consideration in
the differential diagnosis of inguinal masses in women.
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ATMNMYHA Maca Y NPENOHCKOj Peruju Kog KeHe cpesbuxX roauHa — UHrBUHANHU

llEjOMMOM Kao peAadkK KIMHUYKU EHTUTET

Meprua AgHahesuh, Mapjata Hhophesuh, Buoneta Hekuh, Jlyka 3apuh, Jlejna Xajgapnawwmh
KnuHuuko-60mHMYKN Lentap,Ap Oparvwa Muwosuh - leguibe”, Opervetbe pagnonoruje, beorpag, Cpbuja

CAMETAK

YBop Jlejomriomy Cy 6EHUMHM TyMOPM FaTKke MycKynaType Koju
ce Hajuelwhe jaBrbajy y yTepycy, AOK je hUXOBa eKcTpareHuTan-
Ha NoKanmn3aLmja n3y3eTHO PeTKa, HaPOUMUTO Y VHIBYHATHOM Ka-
Hany. 3601 KNMHUYKe CIMYHOCTY Ca XePHUjOM, EHAOMETPMO30M,
nmdazeHonaTnjomM 1 MEKOTKMBHUM f1e3rjama, MPeAcTaBbajy
IMjarHoCTYKM 13a30B. [perno3HaBatbe 0Be HeyoburyajeHe Jio-
Kanusauuje BaXKHO je 3a n3beraBare norpeLiHe gujarHose un
HealeKBaTHOT neyetba.

Mpukas 6onecHunKa lMpukasyjemo 47-roguiurby 60necHuLy
ca 6e360/1THOM MacoM Yy [LeCHOj UHTBUHAMHOj Perunju, NpBu nyT
youeHOM NprOAVKHO rOAMHY 1 MO AaHa npe onepauuje, Koja
je mocTeneHo pacna 6e3 cucTemMcknx cumntoma. KnuHnykum
npernegom naeHTMOUKOBaHa je MOKPEeTHa, jaCHO orpaHnYeHa
N MHAOMEHTHa dopmaLvja. YITpa3BYyKOM je NpukasaHa XeTepo-
exoreHa, AOMVHAHTHO XMMOEXoreHa, BacKynapn3oBaHa Maca.
KomnjyTepusoBaHa Tomorpaduja nokasana je XurnogeH3sHy npo-
MeHyY Ca HEXOMOTeHUM MOCTKOHTPACTHVM Mojayakbem 1 ouyBa-
HVM OKOMTHUM MacCHVM Mi1aHOBMMA. MarHeTHOM pe30oHaHLoM
youeHa je 4o6po orpaHunyeHa, AeNMMUYHO LMCTUYHA Maca, 6e3
MHOUATPaLMje OKOMHUX CTPYKTYPa, MaCHOT M XeMoparnyHor
cappaja. 360r 6nCKor ofHOCa Ca OKPYIUM JIMraMEHTOM MaTe-
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pviLie 1 BacKynapv3auyje U3 rpaHe fjotbe enuracTpuyHe apTepu-
je, pa3amaTpaHu cy nejomviom, eHIOMETPYO3a 1 ApYr 6eHUrHN
MEKOTKMBHU TyMopW. Ycnea nporpecMBHOr pacTta 1 HejacHe
€TVonoruje, NPOMeHa je XMpypLIKM OACTparbeHa Kpajem 2024.
roaviHe. MakpocKoncku je 6una uHkancynupaHa, 6envnyacra,
€eacTyHe KoH3UCTeHuuje. [aToxncTonoLKa aHanm3a nokasa-
na je Me3eHxMmanHy nponudepauujy 6e3 atunuje n HeKpose.
Mo3nTNBHOCT Ha a-SMA, KangecmoH, 1e3MUH, eCTPOreHCKe 1
nporecTepoHcke peuentope, y3 Ki-67 ncnop 1%, notepguna
je anjarHo3sy nejomrioma. [lea noctonepaTuBHa ynTpasByyHa
nperneza abaomeHa, ykibyuyjyhu obe HrernHanHe peruje, Hucy
noKa3arna 3HaKe NloKanHor peuuanea. bonecHuua je 6e3 teroba.
3akmyuak Cryyaj cTnye 3Hauaj UHTErpPUCAHOT KIIMHUYKOT,
PaanoNOLLKOT 1 MAaTOXMCTOMOLWKOr MPUCTYMa Y NPOLIEHN aTu-
MMYHO JIOKaNV30BaHNX TyMOpa MeKunxX TKuBa. [IpaBoBpemeHO
npeno3HaBatbe 6eHNIHe Mprpoge npomeHe omoryhasa ofro-
Bapajyhe neyere 1 n3beraBarbe HeMOTPEOHVIX OHKOMOLLKIX
npoLeaypa Kof Tymopa Koju KIMHUYKN UMUTUPajY ManurHe
UM MHPNaMaToOpPHe eHTUTeTe.

KrbyuHe peun: 1ejoMMOM; MHIBUHAMTHM KaHa; MPEeMnoHCKa Maca;
AndepeHLUmjanHa AnjarHo3a; NpuKas ciyyaja
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Primary extragonadal seminoma of the

urinary bladder presenting with spontaneous
hemoperitoneum and hemorrhagic shock — a rare
case report

Gojko Igrutinovi¢'?, Mladen Kasalovi¢'? Nikola Radojici¢?, Zlatan Elek'?, Sasa Dimic¢'2

'University of Pristina, Faculty of Medicine, Department of Surgery, Kosovska Mitrovica, Serbia;
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SUMMARY

Introduction Extragonadal seminomas are rare germ cell tumors that most often occur in the medias-
tinum and retroperitoneum. Primary localization in the urinary bladder is extremely rare and represents
a diagnostic challenge. Acute presentation in the form of intra-abdominal bleeding and hemorrhagic
shock has so far been extremely rarely described.

Case report We present the case of a 36-year-old man who was admitted with severe abdominal pain and
clinical signs of an acute abdomen and hemorrhagic shock. Laboratory analyses showed anemia (hemoglo-
bin 58 g/L) and a pronounced inflammatory reaction (C-reactive protein 314.8 mg/L). Ultrasound examina-
tion of the abdomen revealed a large amount of free intraperitoneal fluid, while native radiography of the
abdomen showed several hydroaeric levels without signs of pneumoperitoneum. Due to hemodynamic
instability and signs of peritoneal irritation, an urgent exploratory laparotomy was performed. Intraopera-
tively, a massive hemoperitoneum was verified with the presence of a large tumor with a diameter of about
25 cm, which originated from the wall of the urinary bladder and was actively bleeding. After controlling
the bleeding, a complete excision of the tumor mass was performed. Pathohistological and immunohisto-
chemical analysis confirmed the diagnosis of extragonadal seminoma. Clinical examination and evaluation
of the testes revealed no abnormalities, thus confirming the primary extragonadal localization.
Conclusion Primary extragonadal seminoma of the bladder wall is an extremely rare condition that can
manifest with massive hemoperitoneum and hemorrhagic shock. In hemodynamically unstable patients,
urgent surgical exploration plays a key role in controlling bleeding and establishing a definitive diagnosis.
Keywords: extragonadal seminoma; germ cell tumor; urinary bladder; hemoperitoneum; hemorrhagic shock
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INTRODUCTION

Germ cell tumors are the most common ma-
lignant tumors in younger men and in most
cases arise in the testicles [1]. However, ap-
proximately 2-5% of all germ cell tumors occur
in extragonadal locations, most often along the
midline of the body, including the mediastinum,
retroperitoneum, and central nervous system
[2]. The mechanism of their origin has not been
fully elucidated, and the most accepted theory
implies the lag of primordial germ cells during
embryonic migration. Histologically, seminoma
represents one of the most common subtypes
of extragonadal germinal tumors and is char-
acterized by high sensitivity to therapy based
on platinum preparations, which is why timely
diagnosis has great prognostic significance [3].

Primary extragonadal seminoma of the uri-
nary bladder is an extremely rare clinical entity.
The available literature primarily consists of
individual case reports, resulting in a lack of
defined diagnostic or therapeutic guidelines.
The clinical picture is usually non-specific and
includes hematuria, symptoms of the lower
urinary tract, or pain in the small pelvis, while
the definitive diagnosis is usually made only

after the pathohistological and immunobhisto-
chemical analysis of the operative preparation.
At the same time, it is necessary to rule out the
existence of a primary testicular tumor by clinical
examination and ultrasound examination of the
scrotum in order to confirm the extragonadal
nature of the disease [3, 4].

Even rarer is the presentation of extrago-
nadal seminoma as an acute abdomen due to
spontaneous intra-abdominal hemorrhage.
In such cases, patients usually present with a
clinical picture of hemorrhagic shock, which is
why urgent surgical intervention is necessary,
while the final diagnosis is made only after
histopathological and immunohistochemical
analysis. Precisely because of the extreme rarity
of this clinical presentation, the presentation of
individual cases has a significant contribution
to a better understanding of diagnostic and
therapeutic challenges [3, 5].

In this paper, we present the case of a 36-year-
old man with a primary extragonadal seminoma
originating from the bladder wall and presenting
with massive hemoperitoneum, hemorrhagic
shock, and clinical presentation of an acute
abdomen, which required urgent exploratory
laparotomy and tumor excision.



Primary extragonadal seminoma

Figure 1. Abdominal ultrasound examination at admission of the patient showing a

large amount of free intraperitoneal fluid

Figure 2. Intraoperative view of a tumor mass originating from the bladder wall with

the presence of hemoperitoneum

Figure 3. Macroscopic appearance of the tumor after surgical excision: solid tumor mass
with hemorrhagic zones and cross-section of the tumor

CASE REPORT

A 36-year-old male patient was admitted to the Surgical
Clinic due to the sudden onset of severe abdominal pain,
followed by a progressive worsening of the general condi-
tion. On physical examination, the abdomen was diffusely
tender, with pronounced muscular defense and signs of
generalized peritoneal irritation, while the clinical picture
of the patient corresponded to hemorrhagic shock, which
required immediate resuscitation and urgent surgical
intervention.

Initial laboratory tests showed mild leukocytosis with
neutrophilia (white blood cells 10.32 x 10°/L, neutrophils
83.99%), anemia (red blood cells 2.8 x 10'*/L, hemoglobin
58 g/L), hypoalbuminemia (34 g/L), hypoproteinemia
(57.7 g/L), elevated inflammatory markers (C-reactive
protein 314.8 mg/L), elevated creatine kinase (347 U/L)
and CK-MB (29.3 U/L), while serum lactate was within
normal limits (0.7 mmol/L). Serum tumor markers (re-
ceived postoperatively) showed normal values of alpha-
fetoprotein (AFP) (2.99 ng/mL), carcinoembryonic antigen
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(3.18 ng/mL), carbohydrate antigen 19-9 (19-
9,0.6 U/mL), prostate-specific antigen (PSA,
0.568 ng/mL), and free PSA (0.286 ng/ml),
while neuron-specific enolase (NSE) was
significantly elevated (148.7 ng/mL).

Abdominal ultrasound examination
showed a large amount of free intraperi-
toneal fluid, interintestinal, intestinal coils
dilated and swimming in fluid (Figure 1). A
native radiograph of the abdomen showed
several air-liquid levels, without signs of
pneumoperitoneum.

Considering the patient’s hemodynamic
instability, diffuse signs of peritoneal irrita-
tion and clinical suspicion of intra-abdominal
hemorrhage, an urgent exploratory lapa-
rotomy was performed without additional
radiological processing. Upon entering the
abdominal cavity, a massive hemoperitoneum
with a large amount of fresh blood and blood
clots was found. After the evacuation of the
sanguineous contents, a large hemorrhagic
tumor with a diameter of about 25 cm was
identified by detailed exploration, which
originated from the wall of the urinary blad-
der. The tumor was actively bleeding and was
the source of intra-abdominal bleeding re-
sponsible for the onset of hemorrhagic shock.
Complete surgical excision of the tumor was
performed with careful hemostasis, and the
specimen was sent for pathohistological and
immunohistochemical analysis (Figure 2).

Macroscopic pathological findings showed
a large solid hemorrhagic tumor with marked
zones of fresh and organized bleeding (Figure
3). Microscopic findings revealed mostly cells
with circular, hyperchromatic and partly
hypochromatic nuclei with visible nucleoli, basophilic
cytoplasm. The entire tumor is permeated with numer-
ous blood vessels, especially subcapsular. Edema of the
stroma and microcysts can also be observed in parts. Fields
of massive necrosis as well as rare mitoses are present.
Immunohistochemical analysis made a definitive diagnosis
of extragonadal seminoma (Figure 4). Immunoprofile of
the tumor: CD117+, D2-40+, HCG+, OCT3/4+/-, AFP-,
CD30-, GATA3-. Ki67 proliferative index is about 30%.
Extensive necrosis is present, as is vascular invasion.

Subsequent clinical and ultrasonographic examina-
tion of the testicles revealed no palpable abnormalities,
which supported the diagnosis of primary extragonadal
seminoma and not metastatic disease originating from an
occult testicular primary tumor.

The postoperative course went smoothly, and the patient
was referred to the oncology board for further staging and
planning of multidisciplinary treatment. The oncology
board made a decision on systemic chemotherapy accord-
ing to the PEB regimen (Platinol/cisplatin, etoposide, and
bleomycin).

www.srpskiarhiv.rs
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Figure 4. Tumor profile (magnification 10 x 0.25)

DISCUSSION

Extragonadal germ cell tumors represent a rare group of
malignancies and account for approximately 2-5% of all
germ cell tumors. They most often occur in the mediasti-
num, retroperitoneum and pineal region, while localiza-
tion in the urinary bladder is extremely unusual [2]. The
pathogenesis of these tumors has not been fully elucidated,
and the most accepted theory implies a disturbance in the
migration of primordial germ cells during embryogenesis,
with their retention in ectopic locations [6]. Another theory
supports the existence of an occult or regressed (“burned-
out”) primary testicular tumor. In our case, the absence of
clinical testicular abnormalities was in favor of a primary
extragonadal origin of the tumor [3, 4].

The special value of the presented case is the extremely
rare location of the tumor. In the available literature, only
individual cases of seminoma involving the urinary bladder
are described, whereby most of the described cases are the
result of secondary spread of the tumor originating from
the testicles or other extravesical localizations [7]. Primary
extragonadal seminoma of the bladder wall is a clinical entity
of which there are only sporadic reports. Therefore, there
are no clear recommendations on the optimal diagnostic
and therapeutic approach, and most conclusions are based
on experiences from individual cases. The tumor in our
patient was large (about 25 cm), which is probably the result
of slow growth and the absence of specific symptoms in
the early stages of the disease [3, 4, 5].

The clinical presentation of our patient was significantly
different from the previously described cases. The most com-
mon symptoms of extragonadal seminomas involving the
urinary bladder include hematuria, dysuria, lower urinary
tract obstructive symptoms, or pelvic pain [3]. In contrast,
our patient presented with an acute abdomen, hemorrhagic
shock and massive hemoperitoneum. This presentation
is extremely rare even in intra-abdominal seminomas.
Sporadic cases of spontaneous rupture of seminoma in an
undescended testis or bleeding of metastatic retroperitoneal

‘ DOI: https://doi.org/10.2298/SARH260824076|
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masses with the development of hemoperitoneum are de-
scribed in the literature, but data on primary extragonadal
seminoma of the bladder wall leading to intra-abdominal
hemorrhage are practically non-existent [8, 9, 10].

In the diagnostic sense, this case indicates the impor-
tance of timely surgical decision-making in patients with
unclear etiology of hemoperitoneum and hemodynamic
instability. The ultrasound finding of a large amount of
free fluid and the absence of pneumoperitoneum on the
native radiograph did not allow establishing an etiologi-
cal diagnosis, but, together with the clinical picture of
peritoneal irritation and hemorrhagic shock, represented
a clear indication for urgent exploratory laparotomy. In
such situations, postponing operative treatment for the
sake of additional diagnostics can worsen the outcome
and endanger the patient’s life. In our patient, the defini-
tive diagnosis was made only after intraoperative findings
and pathohistological analysis of the preparation [3, 8, 9].

Pathohistological and immunohistochemical analysis
play a key role in the diagnosis of extragonadal seminoma.
Morphologically, the tumor is characterized by uniform
large cells with light cytoplasm and pronounced nucleoli,
arranged in nests separated by fibrous septa with lympho-
cytic infiltrate. Immunohistochemical markers such as
PLAP, OCT3/4, SALL4 and CD117 represent an impor-
tant aid in confirming the diagnosis and differentiating
seminoma from other malignant bladder tumors, including
poorly differentiated urothelial carcinomas, lymphomas
and other “small round cell” tumors [3, 4]. In our case,
immunohistochemical analysis was of crucial importance
for establishing the final diagnosis.

The therapeutic approach to extragonadal seminomas
is based on multimodal treatment that includes surgery,
systemic chemotherapy and, in some cases, radiotherapy.
However, in patients with acute intra-abdominal hemor-
rhage and hemorrhagic shock, the priority is urgent surgical
control of bleeding and removal of the tumor mass. In our
case, the operation had not only therapeutic, but also diag-
nostic significance, as it enabled a definitive diagnosis and
further planning of oncological treatment. Good sensitivity
of seminoma to cisplatin-based chemotherapy represents an
important prognostic factor and allows a favorable outcome
even in advanced forms of the disease [3, 4].

Primary extragonadal seminoma of the urinary blad-
der is an extremely rare entity that can present atypically,
including acute abdomen due to massive intra-abdominal
hemorrhage. In hemodynamically unstable patients, ur-
gent surgical exploration can be of crucial importance
to control bleeding and establish a definitive diagnosis.
Pathohistological and immunohistochemical analysis play
a key role in confirming the diagnosis and planning further
oncological treatment.

Ethical compliance statement: We confirm that we have
read the journal’s position on issues involving ethical
publication and affirm that work is consistent with those
guidelines.
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MpyMapHK eKcTparoHaganHu ceMMHOM MoKpahHe belunKe ca CNOHTAaHUM
XeMOonepUTOHEYMOM M XeMOpParMyHUM LLOKOM — NPUKA3 peTKor cayyaja

lojko UrpyTuHosuh'?, MnageH Kacanosuh'?, Hnkona Pagojuuuh? 3nataH Enek'?, Cawa Jumnh'>

'YHusepautet y MpuwtuHu, Meguumnckm dakyntet, Kateppa 3a xupyprujy, Kocoscka Mutposuua, Cpbuja;
2KnuHnuko-6onHMuKM LieHTap KocoBcka MuTpoBuLa, XMpypLUIKa KnmHuKa, KocoBcka Mutposuua, Cpbuja

CAXETAK

YBopg EKCTparoHaganHu ceMyuHOMU Cy PETKU TYMOPU repMirHa-
TBHKX henuja Koju ce Hajuelwhe jaBrbajy y MeaunjacTiHyMmy 1
peTponepuToHeymy. lMprumapHa nokanmsauuja y MokpahHoj 6e-
LML U3Y3€ETHO je peTKa 1 NpeacTaB/ba AWjarHOCTUYKM N3a30B.
AKYTHO MCrorbaBakbe y BUAY MHTPaabaoMUHaNHOT KpBapeka 1
XeMOoparnyHor LWoKa [0 Caja je BEOMa PETKO OMNMcaHo.
Mpukas 6onecHuka lMNprikasaH je cnyyaj 36-roguimer My-
WKapLa Koju je npumibeH 360r jaknx 60noBa y cTomaky, ca
KNVHUYKOM C/IMKOM aKyTHOT abfJOMeHa 1 XeMOparmyHor LIoKa.
JlabopaTtopujcke aHann3e nokasane cy aHeMujy (xemorno6vH
58 g/L) v n3paxeHy nHdnamatopHy peakuujy (C-peakTMBHM
npotenH 314,8 mg/L). YnTpa3ByuHUMm npernegom abaomeHa
yTBpheHa je Bennka KonnumHa criobofHe HTpanepuToHeanHe
TEYHOCTU, IOK je HaTUBHa pagnorpaduja abgomeHa nokasana
HEKOJIMKO XMAPOaepnyHUX HMBOA 6e3 3HaKoBa NHeymone-
prToHeyMa. 360r XeMoAMHaMCKe HeCTabUITHOCTM 1 3HaKOoBa
nepuTOHeanHor Hagpakaja, M3BpPLUEHaA je XUTHa eKCriopaTop-
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Ha nanapotomuja. IHTpaonepaTBHO cy yTBphHeHn MacnBHM
XEeMOMNepPUTOHEYM 1 BEINKW TYMOP MPEYHKKa OKO 25 cm, Koju
je notnuao 13 3upa mokpahHe belunke 1 akTMBHO KpBapuo.
HakoH KoHTpose KpBapeta U3BPLUIEHA je KOMMIETHa eKCLM-
3uja TyMopcKe mace. [aToXUCTOOLWKA Y UMYHOXMCTOXEMUjCKA
aHanv3a NoTBpPAWNE Cy AnjarHo3y eKCTparoHaganHor cemu-
Homa. KNMHWYKUM Nperneaom 1 eBanyaLyjom Tectrca HuCy
OTKpMBeHe abHOPManHoOCTL, YiMe je noTBphHeHa NprmMapHa
eKcTparoHapasHa Jiokanusawmja.

3akrbyy4ak [prMapHU eKCTparoHafjanHN CEMVHOM 31Aa MO-
KpahHe 6eLunKe N3y3eTHO je PETKO CTake Koje Ce MOXe UCMO-
JbUTW MaCVBHVM XEMOMNEPUTOHEYMOM 11 XEMOParnyHVM LLIOKOM.
Kop xeMoguHamMCKI HeCcTabunHmx 60necHrKa XUTHa XUPYPLLKa
eKcriopaLja uMa KibyuHy ynory y KOHTpOom KpBapeha v rno-
CTaB/batby AePVHUTVBHE AnjarHose.

KrbyuHe peun: ekcTparoHaaanHyn CEMVHOM; TYMOP FrepMiHa-
TBHUX henuja; MokpahHa 6eLurKa; XeMornepuUTOHEYM; XeMo-
parvyHm WokK
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SUMMARY

Root canal negotiation to the full working length and glide path (GP) preparation prior to mechanical
root canal instrumentation reduce the risk of procedural errors and contribute significantly to the suc-
cess of endodontic therapy. The aim of this narrative review was to critically analyze currently available
stainless-steel manual instruments used for root canal negotiation and GP preparation, with an emphasis
on their design characteristics, mechanical behavior, and clinical applicability. The manuscript describes
instruments manufactured from conventional stainless steel and stainless-steel alloys modified by specific
heat treatments to improve their mechanical properties. The cross-sectional geometry and tip design of
the instruments were analyzed to provide deeper insight into the effect of these parameters on apical
patency and overall instrument reliability during clinical use. The potential advantages and limitations
of the analyzed instruments are discussed, along with recommendations for their selection in specific
clinical situations, depending on the complexity of the root canal system.

Keywords: manual stainless-steel instruments; initial canal negotiation; glide path; endodontics

INTRODUCTION

The introduction of engine-driven nickel-tita-
nium (NiTi) instruments has significantly im-
proved the predictability, efficiency, and overall
quality of root canal instrumentation, enabling
adequate hermetic obturation, particularly in
canal systems with complex anatomy [1, 2].
Since clinical success remains highly technique-
sensitive, the improper use of NiTi systems is
frequently associated with procedural com-
plications, most notably instrument fracture,
especially in narrow, curved, or calcified canals
[1, 3]. These complications are primarily attrib-
uted to cyclic fatigue, torsional overload, and
the combined effects of these factors [4, 5, 6].
Preliminary procedures such as canal negoti-
ation (CN) and glide path (GP) preparation are
recommended prior to engine-driven instru-
mentation in order to reduce the biomechani-
cal stress on NiTi instruments [4-8]. Canal
negotiation refers to the initial exploration and
identification of the root canal pathway using
small-sized manual instruments, with the aim
of reaching the desired working length while
maintaining the original canal trajectory. Canal
patency refers to the maintenance or confir-
mation of an unobstructed pathway through
the apical portion of the canal using a small,
flexible instrument, without intentional en-
largement beyond the apical foramen. A glide
path is defined as a smooth, reproducible, and

continuous pathway extending from the canal
orifice to the established working length, which
facilitates the safe progression of subsequent
shaping instruments (Figure 1). The impor-
tance of an adequate glide path in reducing
torsional stress, cyclic fatigue, and iatrogenic
errors has led to the development of numerous
mechanical glide path systems [9].

Consequently, stainless-steel (SS) manual
instruments have maintained an important
role in contemporary endodontic practice due
to their simplicity, cost-effectiveness, tactile
feedback, and continuous technological im-
provements in design and manufacturing [10].
Unlike engine-driven instruments, manual files
provide enhanced tactile control and sensory
perception, particularly in challenging clini-
cal situations such as severe canal curvature,
canal calcification, and retreatment cases.
Consequently, manual instruments should not
be considered obsolete but rather an essential
component of a safe and biologically sound in-
strumentation strategy.

Contemporary manual endodontic instru-
ments are predominantly manufactured from
SS, whereas the utilization of carbon steel has
markedly declined due to its inferior flexibility
and reduced resistance to corrosion [11, 12]. In
recent years, manufacturers have introduced
modifications to instrument geometry, tip de-
sign, surface treatment, and thermal process-
ing, with the aim of improving mechanical
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geometry, tip configuration, and taper, significantly
influence mechanical performance, tactile feed-
back, and clinical safety (Table 1) [13-28].

Critical comparison of manual endodontic
instruments - mechanical behavior,
handling, and clinical implications

Despite the revolutionary impact of NiTi instru-
ments on contemporary endodontic practice, SS
hand instruments remain indispensable, particu-
larly during the critical initial phases of endodontic
treatment, when they are used to establish initial
canal patency and create the GP. Their enduring

Figure 1. Schematic representation of established initial canal negotiation,

prepared glide path, and engine-driven instrumentation

performance and reducing the risk of procedural errors
associated with manual instrumentation [8].

These developments have emphasized the need for a
critical analysis of contemporary SS manual instruments
used for CN and GP preparation, with particular emphasis
on how design influences mechanical behavior and clinical
applicability, to support informed instrument selection in
clinically demanding situations.

METHODOLOGY

This narrative review was based on a literature search
conducted in the PubMed, Scopus, and Google Scholar
databases using the keywords “manual endodontic instru-
ments,” “glide path,” “canal negotiation,” and “stainless-
steel files” The literature search was conducted between
January and March 2025. Particular emphasis was placed
on peer-reviewed publications addressing the mechanical
properties, design characteristics, clinical applications, and
performance of manual instruments used for root canal ne-
gotiation and glide path preparation. Articles published in
English between 1990 and 2025 were included. Additional
references were identified through manual searches of rel-
evant journals and reference lists.
Manufacturer-provided information was used primar-
ily to describe instrument-specific technical characteris-
tics, including dimensions, taper, cross-sectional design,
material composition, and recommended use, whereas
statements concerning mechanical properties, clinical per-
formance, advantages, and limitations were based prefer-
entially on independently published scientific evidence.

TYPES AND CHARACTERISTICS OF MANUAL
INSTRUMENTS - OVERVIEW FOR CANAL
NEGOTIATION AND GLIDE PATH PREPARATION

Manual instruments remain essential for initial CN and GP
preparation, particularly in complex, narrow, or calcified

root canals. Their design features, including cross-sectional
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clinical relevance stems from their distinct me-
chanical behavior, which fundamentally differs
from that of NiTi alloys and provides both unique
advantages and inherent limitations.

From a mechanical perspective, the behavior of manual
endodontic instruments is determined not only by the
properties of the alloy from which they are manufactured
but also by several interrelated design and manufactur-
ing factors, including instrument size, cross-sectional ge-
ometry, taper, tip configuration, manufacturing process,
and, where applicable, thermal treatment. These variables
collectively influence the balance between rigidity, flex-
ibility, buckling resistance, torsional behavior, and tactile
feedback [13-28].

From a mechanical perspective, SS instruments exhibit
a significantly higher modulus of elasticity (SS = 190-210
GPa, NiTi alloy = 30-50 GPa) and, consequently, greater
hardness in comparison with NiTi instruments [12]. This
results in increased resistance to torsional stress and buck-
ling under axial load, as well as more pronounced plastic
deformation prior to fracture, manifested as visible un-
winding of SS instruments before failure [11, 12]. These
mechanical properties represent a key advantage during
the negotiation of narrow and calcified canals, since the ap-
plication of apically directed force is often required to over-
come anatomical obstacles while preserving tactile control.

However, the increased rigidity of SS instruments repre-
sents a double-edged sword. A higher modulus of elasticity
implies reduced flexibility, and although enhanced resis-
tance to buckling facilitates apical penetration, excessive
stiffness may compromise the instrument’s ability to con-
form to canal curvature. Consequently, the risk of iatro-
genic errors, such as canal transportation, ledge formation,
or even perforation, may increase during the establishment
of initial patency [11, 12]. These opposing effects highlight
the importance of achieving a balanced mechanical profile
rather than pursuing maximal rigidity at all costs.

Buckling resistance - advantage or potential risk?

Resistance to buckling is often cited as a key determinant
of the clinical performance of instruments used to estab-
lish initial canal patency; however, its clinical relevance
requires careful and critical interpretation [18, 29, 30].
Instruments with insufficient buckling resistance, such as
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Table 1. Key characteristics of manual instruments for canal negotiation and glide path preparation, with a focus on design, mechanical properties,

and clinical applications

Material/ Cross- Sizes L L
Instrument treatment section Taper (150) Key features Clinical advantages | Limitations
K-File 06, 08, | Twisted design; Efii;géie'? Scth:I\?eT;/ Risk of ledging in
Kerr Manufacturing Co. Stainless steel Square 2% 10, 15, | reliable torsional . Y severe curvature;
N canals; basic CN . .
(Romulus, MI, USA) 20 resistance debris accumulation
and GP
K-Reamer 06, 08, Lonaer flutes: Efficient debris i/;%?er::::‘:i:;(p
Kerr Manufacturing Co. Stainless steel | Triangular 2% 10,15, flexi?)le ! removal; flexible for of zipping/
(Romulus, M, USA) 20 initial GP pping/
transportation
C-File Heat-treated 061’(?8' Negotiation of Less flexible than
Dentsply (Maillefer, OK, . Square 2% ! Enhanced strength g' . .
stainless steel 12.5, calcified canals C+ files
USA) 15
C+ Files Thermally Square; High apical control; safe negotiation Requires careful
. . 2-4% 06, 08, . of obliterated L
Dentsply (Maillefer, OK, treated pyramidal - electropolished . . handling in narrow
. . regressive | 10,15 canals; good tactile
USA) stainless steel tip surface canals
feedback
Safe in narrow/ .
D-Finders . 06, 08, Reduced torsional | curved canals; Pre-curving .
. L Stainless steel D-shaped 2% 10,12, . recommended in
Mani (Tochigi, Japan) stress enhanced tactile e
15 calcified canals
control
. . Less suited for
Glide Finders . Square type; 2-3% 08, 10, | Variable cross- Effectn{e G.P extremely tight
N . Stainless steel | rectangular X . formation; reduced R
Mani (Tochigi, Japan) regressive | 12,15 | section - canals without pre-
shaft canal transportation )
flaring
. . . Excellent patency - .
_GO® .
Hi-5 F|Ie§ Stainless steel | Pentagonal 2% 06, 08, Sp|ra|!y ground establishment; L'”?'te‘?' 312657 CarerI
Integra Miltex (USA) 10,15 | flutes; strong durable activation required
Pathfinder CS, Carbon steel Square 206 K1-07, | Enhanced cutting Negotiation of tight S:r::‘oostl(:)r;—prone;
SybronEndo (CA, USA) a ° K2-09 | strength canals
autoclaved
. Partial circle Suitable for Limited flexibility
S-Finders Stainless steel with flat 2% 08 Sh‘?fte’ length blocked/obliterated | in severely curved
JS Dental (Sweden) facilitates access
edges canals canals
C-PILOT Files Heat-treated 06, 08, . . .| Guided progression; Careful handlmg
. Square 2% 10, 12, | Non-cutting pilot tip . needed in narrow
VDW (Munich, Germany) steel reduced ledging
15 canals
06, 08,
Ready-Steel FlexoFiles . 10, [ ° Safe initial CN o
Dentsply (Maillefer, OK, Stainless steel Trfnl?aifr/ 2% 12.5, L\ilon cutting Batt and GP; gradual Ic_aelscsifeigéluci?\tallz
USA) a 15,17, P instrumentation
20
Senseus FlexoFiles Thermally 06, 08, Better tactile May require use of
Dentsply (Maillefer, OK, treated Square 2% 10, 15, | Enhanced flexibility | feedback; suitable the balanced force
USA) stainless steel 20 for complex canals | technique

*Table modified from Jovanovi¢-Medojevi¢ et al. [9]

small-sized conventional K-files (ISO 06 and 08), are prone
to early deformation when encountering apical resistance,
limiting their ability to advance in narrow or calcified ca-
nals [8]. This deformation, whether in the form of elastic
bending or permanent plastic deformation, compromises
tactile sensation, reduces cutting efficiency, and increases
operator fatigue and frustration.

Conversely, instruments with very high buckling resis-
tance, primarily C+ files, exhibit superior apical penetra-
tion capacity and increased resistance to deformation under
axial load [29, 30, 31]. Numerous independent studies con-
sistently rank C+ files as having the highest buckling and
torsional resistance among conventional K-files, C-PILOT
files, and various NiTi GP instruments [32-35]. These me-
chanical properties make C+ files particularly suitable for
negotiating severely narrowed or calcified canals, where the
application of apical force is often unavoidable.

‘ DOI: https://doi.org/10.2298/SARH260326065J

However, high buckling resistance should not be inter-
preted as an unequivocal clinical advantage, as this me-
chanical property may also represent a clinical risk. The
same characteristics that provide increased axial strength
can predispose highly rigid instruments to iatrogenic com-
plications. Reduced flexibility limits the instrument’s abil-
ity to follow canal curvatures, increasing the likelihood of
deviation from the original anatomy. Das et al. [30] warned
that increased rigidity of C+ files may increase the risk of
iatrogenic errors when instruments are used without ad-
equate pre-bending and careful tactile control. Canal trans-
portation studies indicate that excessively rigid instruments,
especially those with active cutting tips, can increase the
frequency of canal aberrations if used aggressively or with-
out proper pre-bending and tactile guidance [13, 35].

In this context, C-PILOT files have been proposed as
a more conservative alternative. By combining thermally

Srp Arh Celok Lek. 2026 Sep-Oct;154(9-10): 550-557
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modified SS with a passive, guided tip, these instruments
provide a balanced compromise between mechanical
strength and preservation of canal anatomy, enabling more
predictable negotiation and reducing the risk of procedural
errors [29, 33].

The study by Yorel et al. [36], which investigated the
preparation of curved and narrow root canals in primary
molars, showed that K-files produced less apical transpor-
tation than OneShape (MicroMega, Besangon, France) and
pediatric rotary EndoArt Pedo Blue files (inci Dental,
Istanbul, Turkey). While the results confirm that the use
of rotary instrumentation in primary teeth is safe, K-files
provide enhanced tactile sensation and facilitate the forma-
tion of an apical matrix, representing an important clinical
factor in reducing the risk of material extrusion toward the
permanent tooth germs during instrumentation.

Although laboratory measurements of buckling resis-
tance provide valuable information regarding the mechani-
cal behavior of endodontic instruments, these findings
should not be interpreted as direct predictors of clinical
treatment outcomes.

Influence of manufacturing quality and metallurgy

A critical comparison of manual endodontic instruments
must also consider manufacturing quality and metallurgi-
cal consistency. Buckling resistance and overall mechani-
cal performance depend not only on instrument design
or alloy type but are also significantly influenced by the
manufacturing process [30]. Izadi et al. [37] reported a
higher incidence of surface defects and irregularities in
certain SS instruments, including Mani K-files, which may
act as stress concentrators and negatively affect mechani-
cal durability. These findings were corroborated by Nair
et al. [38], who demonstrated that Mani K-files exhibited
the lowest buckling resistance among the tested pathfind-
ing instruments. These results clearly indicate that not all
SS instruments perform equally, and alloy selection alone
does not guarantee optimal mechanical behavior.

Thermal treatment of SS has proven to be a decisive
factor in improving mechanical properties. Thermally
modified SS instruments, such as C-files, C+ files, and
C-PILOT files, consistently demonstrate higher buckling
resistance compared with conventional SS instruments,
and even outperform rotary NiTi GP systems such as
PathFile (Dentsply Maillefer, OK, USA) [29-32]. In con-
trast, carbon steel instruments, such as the Pathfinder CS,
offer excellent initial cutting efficiency and high rigidity,
but are limited by increased susceptibility to corrosion in
the presence of sodium hypochlorite and progressive deg-
radation after repeated sterilization cycles, reducing their
long-term clinical reliability [39].

Comparative studies by Kwak et al. [40] and Gupta et
al. [18] further confirm these findings, providing strong
evidence that advanced, thermally treated SS instruments
exhibit significantly greater buckling resistance than NiTi
GP instruments. Recent research consistently shows that
C+ files display the highest buckling resistance among
both manual and engine-driven GP instruments. Although
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Hamid et al. [41] primarily investigated the metallurgi-
cal behavior of thermally treated NiTi instruments, their
results further emphasize the importance of alloy process-
ing and phase transformations in determining mechanical
properties, highlighting the broader relevance of metal-
lurgical optimization in endodontic instrument design.

Design trade-offs - flexibility vs. control

Instrument design plays a key role in modulating the bal-
ance between rigidity, flexibility, and tactile perception
during manual CN [42]. The instrument’s cross-sectional
geometry is one of the main determinants of its mechanical
behavior. Square and pentagonal cross-sections increase
the amount of metal and the core diameter, enhancing
buckling resistance and tactile feedback, but at the cost of
reduced flexibility [13, 30]. Such designs provide better
control in narrow or calcified canals but are less tolerant
in curved anatomies.

In contrast, D-shaped and S-shaped cross-sections,
characteristic of instruments such as D-Finder and
S-Finder, reduce the metal mass and core stiffness, result-
ing in greater flexibility and improved adaptation to canal
curvature. Although these designs may help preserve the
original canal anatomy, the reduced core mass is associated
with lower buckling resistance. Therefore, these instru-
ments may be less efficient in severely narrowed canals
unless used with careful pre-bending, gentle apical pres-
sure, and a controlled manual technique [13, 30].

Tip design represents another crucial variable influenc-
ing the clinical behavior of the instrument. Active, pyra-
midal tips facilitate penetration through calcified obstruc-
tions but inherently increase the risk of canal deviation
or ledge formation if excessive axial force is applied [22].
Conversely, passive, conical tips offer a safer and more ana-
tomically conservative approach but may be less efficient in
penetrating dense calcifications. Das et al. [30] emphasize
that although C+ files offer clear advantages in negotiating
narrow canals, their increased rigidity and active cutting
tip require cautious use to minimize iatrogenic risk. In
contrast, C-PILOT instruments have demonstrated more
predictable canal tracking due to their guided-tip design,
reducing the likelihood of canal aberrations. Thus, instru-
ment selection should not rely solely on canal anatomy but
should also consider tactile sensitivity, operator experience,
and the ability to precisely control applied force.

Manual vs. engine-driven glide path preparation -
a complementary relationship

A GP can be prepared using SS hand files or engine-driven
NiTi instruments. Although numerous studies have re-
ported potential advantages of engine-driven NiTi GP
systems, including reduced instrumentation time, im-
proved centering ability, preservation of the original canal
morphology, and decreased extrusion of dentin debris [4,
42-48], their clinical performance may vary according to
the specific instrument design, dimensions, alloy char-
acteristics, kinematics, root canal anatomy, and clinical
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Table 2. Advantages and disadvantages of manual and engine-driven instruments for glide path preparation

Feature/aspect Manual stainless-steel instruments

Engine-driven NiTi instruments

Efficiency

Slower preparation; more operator fatigue

Faster preparation (40-50% time reduction); less
fatigue

Tactile feedback
irregularities and obstacles

Excellent; allows the operator to sense canal

Reduced compared with that of manual instruments;
relies on controlled motor settings

Flexibility and canal anatomy

preservation narrow or curved canals

Limited flexibility; risk of canal transportation in

Generally greater flexibility; may facilitate preservation
of canal morphology depending on instrument design,
alloy, dimensions, and clinical conditions

Cutting efficiency
produce more debris

High cutting efficiency in narrow canals; may

Efficient cutting; smoother canal shaping; less debris
compaction

Mechanical resistance
corrosion

High torsional and fracture resistance; resistant to

NiTi instruments are more prone to cyclic fatigue
and fracture, especially in complex canals

Debris extrusion / apical
irritation

Higher risk of debris extrusion and postoperative pain

May reduce apical debris extrusion in some clinical
and laboratory conditions, although outcomes
depend on the instrumentation system and
technique

Clinical applicability

Essential for initial canal negotiation, especially in
calcified or curved canals; cost-effective

Ideal for creating reproducible glide paths; requires
investment in equipment and training

Control/safety

High tactile control; allows pre-curving

Dependent on operator skill and motor settings; less
tactile feedback

Limitations

procedural errors in complex canals

Time-consuming; may alter canal shape; risk of

Risk of instrument fracture; higher cost; learning
curve for safe use

situation. Therefore, the choice between manual and
engine-driven GP preparation should be individualized
rather than based on the assumption that one approach is
universally superior.

In many clinical situations, successful manual CN pro-
vides an important foundation for subsequent engine-
driven GP preparation, particularly in narrow, curved,
calcified, or anatomically complex canals. However, the
extent of prior manual preparation required may vary
depending on the specific NiTi system and the clinical
conditions. NiTi GP instruments are generally designed
to follow an established canal pathway and may be less
suitable for initial exploration of severely calcified or ob-
structed canals without prior manual negotiation [8, 28].
The advantages and disadvantages of manual and engine-
driven instruments for GP preparation are summarized
in Table 2.

Although certain instruments, such as the ProTaper
Ultimate Slyder (Dentsply Sirona, USA), reportedly
achieve initial canal patency in a substantial number of
cases (approximately 63%) without prior use of hand in-
struments, this approach remains a matter of professional
debate [19]. In complex canal systems, the prior use of SS
hand instruments is considered a safer and more predict-
able approach for ensuring canal patency compared with
applying increased apical pressure to the tip of an engine-
driven instrument [4].

Accordingly, manual SS instruments remain the cor-
nerstone of initial CN. Their superior tactile feedback
enables the clinician to detect subtle anatomical varia-
tions, recognize curvatures or obstructions, and adjust
the instrumentation strategy in real time [49]. However,
the clinical performance of manual instruments is highly
operator-dependent. Technique, experience, and tactile
skill play a decisive role in treatment outcomes. This con-
cept is supported by the findings of Allen et al. [13], who
observed file deformation in only a subset of operators

‘ DOI: https://doi.org/10.2298/SARH260326065J

during simulated use, suggesting that operator-related fac-
tors may be as significant as instrument design.

Overall, manual SS and engine-driven NiTi instru-
ments should be regarded as complementary rather than
competing approaches to CN and GP preparation. Their
appropriate use should be determined by the instrument’s
specific characteristics and the clinical situation, including
root canal anatomy, degree of calcification, canal curvature,
and procedural complexity.

CLINICAL IMPLICATIONS

In general, the available evidence indicates that no single
manual instrument design represents a universal solution
for all clinical situations. Instruments with high buckling
resistance are particularly useful for negotiating calcified
or severely narrowed canals but require careful use to mini-
mize the risk of iatrogenic damage. Conversely, more flex-
ible designs better preserve canal anatomy in curved canals
but may lack the mechanical strength needed to overcome
dense obstructions [12].

In addition to instrument-related characteristics, the
clinical behavior of manual instruments is strongly influ-
enced by operator-related factors. Operator experience and
tactile control are particularly important during CN, while
appropriate pre-curving of the instrument may facilitate
its adaptation to canal curvature and reduce the risk of
deviation from the original canal path. Furthermore, the
magnitude and direction of the applied apical force should
be carefully controlled, as excessive force may increase the
risk of instrument deformation and iatrogenic errors [49].

Therefore, contemporary endodontic practice should
favor a selective and sequential approach to instrument
use, combining manual SS instruments for initial CN
with engine-driven NiTi systems for GP enlargement and
further preparation. This staged, hybrid approach reflects
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a balance between mechanical efficiency and biological
safety, aligning instrument selection with canal anatomy,
clinical objectives, instrument characteristics, and opera-
tor-related factors, including clinical experience and tactile
control [4, 8].

Selection of manual endodontic instruments
according to clinical conditions

The selection of appropriate instruments may significantly
influence the course and outcome of treatment. During
initial CN and GP preparation, the clinical scenario helps
determine which instrument may be the safest and most
appropriate to use. The manual instruments analyzed in
this review possess distinct characteristics that may make
them suitable for different clinical conditions. The recom-
mendations presented in Table 3 should be regarded as an
evidence-informed clinical framework rather than a rigid
protocol and should be adapted individually to root canal
anatomy, case complexity, and operator experience.

CONCLUSION

The integration of an individualized approach to canal
preparation and instrumentation, together with the adop-
tion of new technological solutions, enables successful and
predictable endodontic procedures. NiTi systems may offer
advantages in terms of flexibility, efficiency, and preserva-
tion of canal morphology when an adequate initial canal
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Py4HM eHAOAOHTCKM UHCTPYMEHTHU 3@ YCNOCTaB/bakbe UHULMjaIHE NPOXOAHOCTU M
dopMmuparbe MHCTPYMEHTALMOHE NyTakbe — CaBpeMeHU NPUCTyn

Munuua JoBaHoBuh-Mepojesuh’, TatjaHa CaBuh-CraHkosuh', MiuHa Mepojesuh?®, AnekcaHapa [parvnyesuh?, Jyrocnas Unuh',

Buonera Metposuh!

'"YHuBep3uTet y beorpapy, Cromatonowwku dakynteT, KnuHuka 3a 6onectu 3y6a, beorpag, Cpbuja;

2YHueep3uTeT y beorpagy, CromaTonoLwku dakynTeT, IMNnaHToNoWKo-1CcTpaxmBaykm LeHTtap, beorpag, Cpbuja;

*YHusep3uTet y bopgoy, HaunoHanHn MHCTUTYT 3a 30paBibe U MeanLMHCKa uctpaxusatba (INSERM), BioTis, Bopao, ®paHLycka;
“YHuBep3uTeT y beorpagy, MosbonpuspeaHu pakyntet, Katefpa 3a nosbonpuspeaHy TexHuky, beorpap, Cpbuja

CAMETAK

YcnocTtaBbatbe UHMLMjaNHE NPOXOAHOCTY KaHana jo nyHe
pafHe fyXuHe 1 Gopmrpare MHCTPYMEHTaLMOHe nyTarme
npe MalNHCKe MHCTPYMeHTaLmje KaHana KopeHa 3yba cma-
FbYjy PV3MK O HaCTaHKa NpoLiefypanHuX rpeLlaka 1 3HayajHo
JonpuHoce ycrexy eHAoAoHTCKe Tepanuje. Linmb oBor HapaTus-
HoOr npernefa 6o je fja ce KPUTNYKU aHaNM3npajy TPEHYTHO
OOCTYMHU PyYHN MHCTPYMEHTM of Hephajyher yenuka Koju ce
KOpUCTe 3a yCrocTaB/bakbe MHULMjaSTHE MPOXOAHOCTY U MPU-
npemy HCTPYMEHTALMOHE MyTakbe, Ca MOCEOHMM Harnackom
Ha HMIXOBE JM3ajHEPCKE KapaKTePUCTMKe, MEXaHNYKO NMOHa-
Wwakbe 1 KNMHUYKY NpUMeHy. Y pagy Cy OnmcaHn UHCTPYMEHTM
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nspaheHun off KOHBEHLMOHaHe Nierype Hephajyher yenuka,
Kao 1 MHCTPYMEHTM Ymja Cy CBOjCTBa NobosbLiaHa NPYMEHOM
cneunduyHe TepMunyKe obpase paaun yHanpeherba hUXOBMX
MeXaHNYKMX KapaKTePUCTIKa. AHaIM3MpPaHK Cy MONPeYH npe-
CeK 1 An3ajH BpXa MHCTPYMeHaTa 1 yTuLaj OBMX NapameTapa Ha
Moy3/jaHOCT MHCTPYMeHaTa TOKOM HbXOBE MpuMeHe. Takohe cy
pa3marpaHe noTeHumjanHe NPefHOCTN 1 OrpaHnyeHa aHaaun-
3VPaHNX MHCTPYMEHaTa, Kao 1 KpUTEPWjyMU 3a HUXOB 1360p
y cneyndUYHUM KIVHUYKUM CUTYyalmjama, Y 3aBUCHOCTUN Of
CJIOXKEHOCTN CUCTEMA KOPEHCKNX KaHana.

KrbyuHe peun: pyyHu MHCTPYMEHTU; MHULMjaiHa NPOXOAHOCT;
VNHCTPYMEHTaLOHa nyTarba; eHA0A0HLM)a
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SUMMARY

Multidisciplinary health support for young children with multiple disabilities remains a critical need.
This paper aims to analyze the need for a multidisciplinary approach to early intervention in local health
centers, where a team of professionals supports children’s growth and development. The study employed
a desk research approach, a descriptive method, and content analysis. The content of relevant literature
was analyzed, and a functional analysis was applied in the research phase of the study. The frameworks for
effective multidisciplinary work by different specialists in a local health center include the structures, roles,
approaches, and methods that enable specialists to greatly contribute to early intervention for children.
Children with multiple disabilities require monitoring and support in a healthcare setting until the age
when early intervention shows its effects in all areas of development. A team-based, multidisciplinary
approach to working with children with multiple disabilities at an early age is invaluable for children’s
well-being and health. The roles of different specialists and therapists on the team are significant. All
multidisciplinary team members possess the necessary knowledge and competencies and are valu-
able team members who care for the youngest children. All local health centers should employ various
specialists to work in teams treating multiple disorders in young children, ensuring comprehensive and
timely early childhood care.

Keywords: children with disabilities; multiple disabilities; early intervention; health center; multidisci-
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plinary approach

INTRODUCTION

An estimated 317 million children and youth
were living with health conditions leading to
developmental disabilities (such as cerebral
palsy, autism, intellectual impairments, and
hearing or vision loss) in 2019, highlighting
the need for multisectoral systems of support
[1]. In Serbia, an estimated 18% of children
under age six have developmental disabilities
requiring early intervention services, while pre-
cise data are still lacking. Early intervention -
defined as services provided to children from
birth to age three (or 5-6 in some systems) with
or at risk of developmental delays - is critical
for optimizing developmental outcomes [2].
A multidisciplinary team of experts in a lo-
cal healthcare facility plays a significant role
in early intervention and continuous support
for children with multiple disabilities. Despite
evidence supporting multidisciplinary early in-
tervention, implementation in local health cen-
ters faces significant challenges. These include
limited specialist availability, coordination
difficulties, inadequate training, funding con-
straints, and other obstacles. In Serbia, while
legislation mandates early intervention services,
access varies significantly across regions.
Research shows that a multidisciplinary
approach, in which a special therapist works

together with a pediatrician, speech thera-
pist, psychologist, physician, and other team
members, significantly improves outcomes for
children with developmental disabilities (the
profession of a special therapist is equivalent
to the profession of a special educator and re-
habilitator in the Republic of Serbia) [2, 3]. The
National Scientific Council on the Developing
Child [4] emphasizes that early intervention in
the first five years of life is most effective, and
an educational psychologist is one of the key
professionals who provide adequate stimula-
tion and support. Also, children with multiple
disabilities, like children with autism spectrum
disorder (ASD), face significantly more diffi-
culties concerning everyday oral hygiene and
dental appointments in comparison to their
typically developing peers [5], and so dentists
who are aware of issues that are specific to this
population of patients are important mem-
bers of the multidisciplinary team. The special
therapist participates in multidisciplinary teams
for the early assessment of developmental diffi-
culties, using standardized instruments and/or
individual assessments for diagnosis and ability
assessment [6]. Their role is not limited to the
educational context but also encompasses the
health, psychological, and social dimensions,
as confirmed by both domestic and interna-
tional research. Within the early development
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counseling services at health centers in Serbia, the special
therapist is often the first professional to recognize risks
and refer the child for further interventions [7].

This study aims to do the following:

1. To review evidence on effective multidisciplinary
team composition and functioning in early intervention;

2. To analyze the roles and competencies of different
specialists in supporting children with multiple disabilities;

3. To propose a framework for implementing multidis-
ciplinary early intervention in local health centers.

This study employed a mixed-methods approach com-
bining (1) a systematic literature review and (3) framework
analysis of multidisciplinary team models.

We searched the following databases from January 2016
to December 2025: PubMed/MEDLINE, Scopus, Web of
Science, ERIC, and Google Scholar. Search terms included
combinations of (“early intervention” or “early childhood
intervention”) and (“multidisciplinary” or “interdisciplin-
ary” or “transdisciplinary”) and (“team” or “collaboration”)
and (“disability” or “developmental delay” or “multiple dis-
abilities”) and (“primary care” or “health center” or “com-
munity health”).

The inclusion criteria were publication in English or
Serbian; a focus on children aged 0-6 years; a description
of multidisciplinary/interdisciplinary team approaches;
and publication as a peer-reviewed article, systematic re-
view, or official guideline.

The exclusion criteria were single-discipline interven-
tions; hospital-based (not community/primary care) settings
only; and case reports with fewer than five participants.

In the research, we used a desk research approach, a
descriptive method of documentary analysis as described in
the literature [8, 9], and content analysis of the literature [8,
10, 11]. The content of the relevant literature was analyzed,
and a functional analysis was applied in the research phase
of the study to data on children with disabilities who need-
ed multidisciplinary support in the previous period [12].

THE IMPORTANCE OF EARLY IDENTIFICATION AND
INTERVENTION FOR CHILDREN WITH DISABILITIES

Early intervention in special education and rehabilitation
involves systematic services and therapies for children with
developmental risks or disabilities, from birth to ages 5-8.
The goal is to enhance the capacity of families to meet the
developmental needs of their infants and toddlers, mini-
mize the need for special education and related services
when children enter school, and enhance children’s long-
term outcomes [13]. Research shows that early interven-
tion programs significantly improve the cognitive, social,
emotional, and physical development of children with
special needs [14].

Globally, over 50 million children under five have mild-
to-severe disabilities, predominantly in low- and middle-
income countries, with 30 million having moderate-to-
severe disabilities [3].

Early intervention reduces the impact of developmental
disorders and increases a child’s potential for cognitive,
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social, and psychological growth. Recent reviews show that
early rehabilitation in children with global developmental
delay has a significant impact on improving outcomes [2].
Other sources confirm that the earlier a child is involved
in programs, the more successful it is later on [3], so the
optimal timeframe for providing support is by the child’s
fifth birthday. The brain’s greatest neuroplasticity occurs
in the first years of life, when it has the greatest ability to
change and adapt. The National Scientific Council on the
Developing Child [4] notes that in the first few years of life,
more than a million new neural connections are formed
every second. The American Academy of Pediatrics [15]
emphasizes that brain plasticity decreases with age, making
early intervention crucial.

Effective early intervention involves a team of specialists: a
special therapist, an educational psychologist, a speech thera-
pist, a psychologist, a doctor, and social workers. The family
is an active partner — parents receive counseling and support.
New models of multidisciplinary support include therapeutic
approaches, mediation, and programs for parents [16]. In
the United Kingdom, the Supporting Families Programme
guidance [17] emphasizes integrated collaboration between
institutions and the family.

In Serbia, there is a National Program for the Promotion
of Early Childhood Development [18]. Nearly 60,000 chil-
dren in Serbia are at developmental risk and in need of ad-
ditional support through early intervention. According to
a UNICEF report [19], in Serbia, children with disabilities
are significantly less likely to receive early stimulation and
responsive care than children without disabilities.

The exact number of children with disabilities in Serbia
is not known. The Register of Children with Disabilities,
which has been under development by the Batut Institute
of Public Health of Serbia since 2021, has provided precise
data since 2022 but remains insufficiently developed.

CHILDREN WITH DISABILITIES IN HEALTH CENTERS

Multidisciplinary team members in the health center work
with children who may have various developmental and
functional disabilities, including motor, intellectual, emo-
tional, sensory, social, behavioral, and learning disorders
and disabilities.

Children with motor, developmental, and multiple risks,
disorders, and disabilities may have:

1. Disabilities or impairments of the musculoskeletal
system, body malformations, and deformities;

2. Neuromuscular diseases and other similar conditions
that affect motility and motor skills;

3. Disabilities and impairments of the central and pe-
ripheral nervous system (cerebral palsy, epilepsy, hemiple-
gia, ischemia, brain injury, etc.);

4. Neurodevelopmental disorders, such as ASD, intellec-
tual disability, and attention-deficit/hyperactivity disorder
(ADHD);

5. Disabilities and impairments resulting from severe
and chronic diseases (cancer, asthma, kidney failure, car-
diovascular and endocrine diseases, etc.);
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6. Dysfunctions of fine and gross motor skills caused by
disorders of premotor integration or other causes;

7. Disharmonious development;

8. Rare diseases with repercussions on the child’s mo-
tor status;

9. Other disorders, such as feeding and sleep disorders,
screen addictions, behavioral disorders, emotional disor-
ders, and learning difficulties [20].

The target group for the work of the multidisciplinary
team in the early development counseling services is chil-
dren from birth to the end of adolescence (18 years of age),
particularly at-risk children and children with disabilities.
The exact number of children with developmental risks
and disorders is not known; only estimates are available.

The authors estimate that more than a billion people
live with some form of disability, which is equivalent to ap-
proximately 15% of the world’s population. Among them,
between 110 million (2.2%) and 190 million (3.8%) adults
have very significant functional impairments [21].

Assuming that children make up 18% of the popula-
tion, in Serbia, with a total of about 6,586,476 inhabitants
in 2024 [22], there are approximately 1,185,566 children.
Of these, about 15% are children with developmental dis-
abilities, or about 177,835 children, and up to 3%, or about
5,335 children, have significant disabilities and functional
difficulties of different kinds.

Currently, there are no reliable and representative es-
timates based on actual measurement of the number of
children with disabilities. Existing estimates of childhood
disability prevalence vary due to the wide range of meth-
odologies and measurement instruments used. As a result,
many children with disabilities may not be identified or
receive the necessary services.

Age of children

For work in an early development counseling service, es-
pecially in the context of child development, the age of
the children can vary depending on the specific needs
and services the health center provides. Generally, early
development counseling services in local health centers
often work with children from early childhood through
adolescence.
1. Infants and toddlers (0-3 years):

— This age is crucial for the development of social,
emotional, and cognitive skills. Early intervention
services, developmental assessments, and support
for both children and parents may be provided in
local health centers.

2. Preschool age (3-6 years):

- Working with preschool-aged children involves as-
sessing development, emotional regulation, and so-
cial skills. Additionally, treatments can be provided
for the children, and counseling can be offered to
parents and educators to ensure the child’s optimal
development.

3. Elementary school-aged children (6-12 years):

— At this age, assessments are often conducted re-

garding academic achievement and skills, emotional
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health, social skills, communication, and behavior.
Children may be involved in therapies or counsel-
ing related to anxiety, ADHD, learning disabilities,
and other specific challenges. Work also focuses on
the family and educators.

4. Adolescence (12-18 years):

— This period includes challenges related to identity,
social relationships, emotional disturbances, and
mental health, among others. Developmental coun-
seling often provides support in the form of thera-
pies, teen counseling, and various forms of support
during the growing-up process.

MULTIDISCIPLINARY TEAM IN A HEALTH CENTER

The multidisciplinary team of experts at the local health
center for children with multiple developmental disabili-
ties consists of various specialists who recognize the im-
portance of teamwork: a pediatrician, a special therapist,
a speech therapist, a psychologist, a dentist, and a phys-
iotherapist. Collaboration and coordination with other
professionals, families, caregivers, and volunteers involved
with the child are essential to implementing a holistic ap-
proach to working with children.

Members of a multidisciplinary team work with indi-
viduals with complex, multiple disorders and disabilities
— for example, with associated motor, sensory, intellectual,
social, and/or communication disorders and developmen-
tal disabilities.

Analysis of the literature revealed that effective early
intervention teams typically include three core members
and one or two supplementary specialists, depending on
the child’s needs (Table 1).

As the results showed, the most commonly included
specialists in early intervention multidisciplinary teams
were pediatricians, physical therapists, special/occupa-
tional therapists, speech therapists, psychologists, and
social workers. Table 1 presents the composition of the
multidisciplinary team, responsibilities, and competen-
cies of its members, as outlined in the reviewed studies
and documents.

The special therapist implements therapeutic work
through individualized programs to develop cognitive,
communication, and social skills in children with devel-
opmental disabilities [14]. Additionally, the special thera-
pist acts as a liaison between the healthcare and education
systems, promoting inclusive practices and collaboration
with schools and local communities [17] to foster inclu-
sion and cooperation. Special therapists, similar to oc-
cupational therapists, have a broad education in medical,
social, behavioral, psychological, psychosocial, and related
sciences, which equips them with the attitudes, skills, and
knowledge to collaborate with people, individually or in
groups or communities. Special therapists can work with
all people, including those who have an impairment of
body structure or function due to a health condition or
whose participation is limited or who are socially excluded
because of their disability [23].
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Table 1. Multidisciplinary team members, responsibilities, and competencies

Specialist Primary responsibilities

Key competencies

Pediatrician / developmental
pediatrician

Medical oversight, diagnosis

Medical diagnosis, developmental screening,
developmental monitoring

Physical therapist Motor development

Gross motor assessment and intervention

Special therapist

guidance

Individualized developmental support for specific
developmental domains (motor, communication,
behavior, daily living skills, fine motor), family

Child development,

family-centered practice, multidisciplinary
teamwork, individualized planning, adapting
interventions to diverse needs

Occupational therapist

spatial orientation therapy

Supporting independence in activities of daily living
Fine motor skills, bimanual coordination, and

Task analysis and environmental modification,
family-centered and routines-based intervention

Speech-language pathologist Communication, feeding

Language assessment, alternative and
augmentative communication

Psychologist

Cognitive and emotional development

Developmental testing, family support

Social worker

Family support, coordination

Case management, resource navigation

The key competencies of a special therapist working
with children with multiple disabilities as well as with non-
associated disorders and impairments include knowledge
of multiple relevant fields, such as special education and
rehabilitation, psychology, neurology, psychiatry, neuro-
psychology, physiology, etc., and various skills necessary for
professional teamwork, such as applying a holistic approach,
collaboration, developed empathy, and flexibility [24].

A special therapist in a multidisciplinary team conducts
a detailed assessment of a child’s abilities and determines
if the child has motor, sensory, intellectual, social or com-
munication, learning, behavioral, attention, or memory
disorders, disabilities, or challenges. In a multidisciplinary
team, constant communication among all team members
is essential to achieve a comprehensive and coordinated
approach in which all participants are actively involved.
This is achieved by adapting treatment goals and through
continuous monitoring, as well as individual evaluations
by each team member for each child. The special therapist
collaborates with the other team members and develops
an individual rehabilitation plan for the child.

In their work, special therapists use specific standard
rehabilitation methods and approaches that stem from the
fundamental doctrine of the existence of a biopsychosocial
unity within every being.

In addition, special therapists apply current, evidence-
based methods, approaches, and rehabilitation programs
[25]. Some of the approaches and programs include the
following:

- Neurodevelopmental rehabilitation;

- Behavioral methods for working with children with

neurodevelopmental disorders;

- Augmentative and alternative communication;

— Application of assistive technology;

- Play therapy;

- Montessori therapy;

- Psychomotor re-education;

- Methods that are not yet evidence-based, such as sen-

sory integration in controlled conditions.
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The structure of multidisciplinary team members’
work in early development counseling services
within a local health center

Team coordination models — There are three primary mod-
els that have emerged from the literature:

1. Multidisciplinary model: team members work inde-
pendently, sharing information periodically.

2. Interdisciplinary model: team members work col-
laboratively with role overlap.

3. Transdisciplinary model: role release and cross-train-
ing with the primary service provider.

Our research focuses on a multidisciplinary health cen-
ter team in early intervention, addressing children with
multiple disabilities, and its conceptual model (Figure 1).

The main areas of work of the members of the multi-
disciplinary team, in addition to treatment, include the
following segments.

1. Therapeutic work and rehabilitation for children with
developmental disorders and disabilities, primarily those
with multiple disabilities

- Early intervention - active participation in team pro-
cesses for identifying children at risk of disabilities
and those with disabilities at an early age.

- Early intervention - therapeutic work with young
children who have been identified as having mul-
tiple disabilities of various types, such as ASD, ce-
rebral palsy, muscular dystrophy, Down syndrome,
and many others.

— Therapeutic work and rehabilitation for disorders and
disabilities in preschool and school-aged children.

The special therapist assesses the child’s abilities and
needs and creates an implementation plan for an individual
program tailored to each child, based on the type and se-
verity of their disabilities. The focus is on developing skills
such as mobility, independence in various areas, spatial ori-
entation, social skills, and communication skills (verbal or
nonverbal). The plan helps to identify goals and overcome
physical, mental, communication, and social challenges.
The special therapist will help the child perform expected
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child’s overall development, and specifically their ad-
vanced skills, through daily home and play activities.

An important area of work is the recognition and
prevention of abuse in young children with devel-
opmental disabilities or chronic illnesses, who stand
out as being more frequently abused at an early age
[27].

3. Application of assistive technologies to improve
a child’s daily functioning

In addition to specialized materials and didactic-
play resources, the special therapist also applies ap-
propriate assistive technologies to enable better daily
functioning for the child in their activities of daily
living. The special therapist trains the child to use
the assistive technology and also trains family mem-
bers. Additionally, other adapted methods, such as
alternative and augmentative communication, are
introduced and used as needed in the child’s activi-
ties and daily functioning.

4. Collaboration with other healthcare institutions
The special therapist collaborates with other in-
stitutions, such as hospitals, institutes, mental health
centers, and various clinics and offices, by perform-
ing the following duties:
- Participating in rehabilitation programs in in-
stitutions such as day centers and rehabilitation

Created in BioRender.com b

- Collaborating with pediatricians, physiatrists, neu-

Figure 1. Conceptual model of early-development counseling services

activities in their daily routine and provide the child and
family with insight into the resources needed for the child
to feel more secure in their environment and more success-
ful in performing various tasks and actions, from different
forms of movement (crawling, walking, jumping, running)
to actions requiring bimanual movements and coordina-
tion (catching, receiving, holding, feeding, etc.) to complex
skills and actions with a social and communicative context
(graphomotor activities — writing, reading, drawing; count-
ing, speech, memory, attention, memorization, orientation
in space and time, etc.).

2. Working with families

Collaboration with a child’s family is a significant part
of the work of a special therapist and other professionals
who work with the child at an early age. Parents of children
with disabilities need strong support targeted at strength-
ening their parental capacities and building special skills,
considering their children’s disabilities [26]. Experts involve
the child’s parents (guardians) in the rehabilitation process
from the very beginning. The parent is informed about the
content and methods of their child’s speech and language
therapy and is advised to actively participate in the treat-
ment, which is to be continued at home [6]. This can lead
to better results in the child’s progress in certain areas of
work. Parents are also guided on how to encourage their
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rologists, psychologists, speech therapists, educa-
tors, physical therapists, and other specialists.

- Monitoring the development of children with de-
velopmental disorders.

— Participating in the preparation and implementa-
tion of individualized rehabilitation plans.

5. General prevention and public counseling
The special therapist continuously participates in rais-
ing community awareness about the situation and needs of
children at risk and those with disabilities and challenges,
as well as informing prospective and current parents about
the importance of monitoring and encouraging their chil-
dren’s early development. To this end, the special therapist:
— Participates in preventive programs for the early de-
tection of disorders.
- Provides counseling to parents, educators, and medi-
cal and other staff.
— Participates in campaigns and the dissemination of
useful information.

6. Improving work

In order to continuously improve their work and to
monitor and apply modern methods in rehabilitation, the
multidisciplinary team members also perform the follow-
ing tasks and activities:

- Research and analytical work,

— Participation in workshops, seminars, and training

sessions,
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— Participation in conferences and study trips,
- Keeping up with current literature.

Emerging problematic conditions in children: screen
addiction, eating disorders, and sleep disorders

It is no longer a question of whether screen time adversely
affects children’s early development, but only to what extent.

Data show that multiple developmental and health
problems occur in children who overuse all forms of digital
media, from digital toys, tablets, phones, computers, and
laptops to TV screens [28, 29].

Research shows that children younger than two years
old need hands-on exploration and social interaction with
parents to properly develop their cognitive, language, mo-
tor, and social-emotional skills [30]. Therefore, the use of
digital media should be avoided in children younger than
24 months.

Often, due to a lack of awareness, parents do not rec-
ognize the signs of screen addiction in their children but
only notice individual symptoms without being aware of
what caused them [31]. The study by Micevi¢ Karanovié
et al. [32] confirms that excessive use of digital devices in
preschool-aged children can lead to problems with atten-
tion, speech, and social interactions.

Eating disorders can occur at an early age in the form
of a child’s refusal to eat solid food or food of a certain
texture, which can be a significant obstacle to the child’s
proper development and growth. Due to harmful media
influence, children can exhibit severe eating disorders like
anorexia or bulimia at an unexpectedly early age, but other
disorders also occur, such as uncontrollable drinking of
water (polydipsia) or eating non-food substances (pica).

Sleep disorders, like eating disorders, can be present on
their own or be part of the clinical picture of more complex
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MynTUAUCUMNAMHAPHA PaHa MHTEPBEHLMja KOA AeLe Ca BULIECTPYKMM CMETHaMa:
OKBMP 3a IOKa/IHe AOMOBE 34paB/ba — KPaTKU Npernes,

MapwuHena H. LihenaHosuh', Cunsuja A. Byukosuh?, Hophe M. Byukosuh?

'MuHnctapcTBo npocsete, beorpag, Cpbuja;

*|llkona 3a OCHOBHO 1 cpefibe 0bpa3oBatbe ca fomoM,Byk Kapawuh', Combop, Cpbuja;

*0Onwta 6onHuua, dp Pagneoj CumoHoswmh", Combop, Cpbuja

CAXETAK

MynTuancunavHapHa 3apaBCcTBEHa MOAPLLKA AeLM ca BULLe-
CTPYKMM CMeTHaMa Y pa3Bojy y paHOM y3pacTy NpeAcTaB/ba
HeonxofHy notpedy. Linsb oBor paga je aa aHanusmpa notpeby
3a MyNTUANCLUMIMHAPHM NMPUCTYNOM paHOj MHTEPBEHLjY
y JIOKaJIHUM 3 PaBCTBEHVIM LIEHTPUMA, FAe TUM CTPyYHaKka
noap»asa pacT v pa3eoj feue. Cryanja je KopucTuna npucTyn
CeKYHAAPHOT NCTPaxnBamba, AECKPUMTUBHY METOAY 1 aHanusy
cappaja. AHaNM3MpaH je cagpkaj peieBaHTHe nuTepaType, a
bYHKLMOHaNHa aHanm3a je nprMereHa y NCTpaxmBaukoj dasu
ctyavje. OKBvpY 3a epuKacaH MynTUANCLMIIIIMHAPHW Paj pa-
3/IMYUTUX CNeurjanncTa y JJoKaJHOM 3JPaBCTBEHOM LIEHTPY
YKIbyuyjy CTPYKTYpPY, yNiore, NPUCTyne U METOAE Koje MX YMHe
BaXXHUM (paKTOPOM y pafly ca AeLIOM Y 06/1aCTh paHe MHTEPBEH-
umje. [leLy ca BULIECTPYKMM CMETHaMa y Pa3Bojy NoTpebHn cy
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npaheke 1 NoApPLLKa Y 30PaBCTBEHOM OKPYXehy [0 y3pacTa
Kaja paHa NHTepBeHLMja Nnokasyje cBoje edekTe y cBUM 0611a-
CTVIMA pa3Boja. TMMCKY, MynTUANCUUNAVHAPHNA NPUCTYN U pag ca
[eLOoM Ca BULLECTPYKIM CMeTHaMa y pa3Bojy y paHOM y3pacTy
HenpoLerBU Cy 3a Lo6pobUT 1 3apaBrbe AeLie. Ynore pasnu-
YnTUX CNeuvjanncTa 1 TepaneyTa y Tumy cy 3HauyajHe. CBr una-
HOBMW MyNTUANCLMMIVHAPHOT TUMa nocefyjy noTpe6Ha 3Hatba 1
KOMMeTeHLuje 1 3HayajHO JonpuHoce 6pu3n o Hajmnahoj aeun.
CBVI NOKaNHM 30PaBCTBEHN LIEHTPU Tpebaso 61 Aa 3anoLubaBajy
pasnuuyuTe cneumnjanicTe aHraxKoBaHe y TMMOBIMMA 3a TPETMaH
BLLECTPYKMX CMETHM KOA AeLie PaHOr y3pacTa Kako v ce ocu-
rypana notrnyHa v 6iaroBpemMeHa 3allTuTa y paHOM AeTUHCTBY.
KrbyuHe peun: fela ca cmeTbama Y pa3Bojy; BULIECTPYKe
CMeTHe Y pa3Bojy; paHa MHTEPBEHLWja; AOM 3[1paBsba; MynTu-
AUCUMNIMHAPHN NPUCTYN
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SUMMARY

Lipids are macronutrients with multiple roles in adequate growth and development, as well as in main-
taining health in other phases of life. In addition to being, along with carbohydrates, the main source of
calories, lipids are indispensable structural and functional constituents of the human body. Their intake
must be complete and adjusted to optimal needs, which differ in quantitative terms during different
phases of growth and development. Of particular importance are meeting the needs for essential and
semi-essential fatty acids and strictly adhering to the upper limits of permissible intake of saturated fatty

acids, cholesterol, and trans fatty acids.

Keywords: lipids; physiological role; optimal needs; children and adolescents

INTRODUCTION

Lipids, along with proteins and carbohydrates,
are among the macronutrients of the human
diet. In addition to being an important source
and reservoir of energy, lipids are essential
structural and functional factors of the human
body and, as such, are responsible for numer-
ous physiological processes [1-5]. Inadequate
fat balance during the developmental period
has numerous consequences, such as energy
deprivation and essential fatty acid deficiency
in celiac disease, cystic fibrosis, and choles-
tatic syndrome, or obesity, secondary hyper-
lipidemia, and a tendency to cholelithiasis in
conditions of excessive intake [6-13].

This article, along with a review of the di-
etary content, digestion, absorption, and basic
physiological roles of lipids, provides current
guidelines for their optimal intake in childhood
and adolescence.

LIPIDS IN THE HUMAN DIET

About 90-95% of the lipids present in the stan-
dard human diet are triglycerides, with the re-
mainder being phospholipids and cholesterol
[1]. Triglycerides are esters of glycerol and fatty
acids. According to chain length, fatty acids are
classified as short-chain (< C6), medium-chain
(C8-14), or long-chain (= C16); they may also
be classified according to whether they con-
tain an even or odd number of carbon atoms
[1, 14]. The human diet is dominated by long-
chain fatty acids with an even number of car-
bon atoms. Long-chain fatty acids are further
differentiated into saturated and mono- and

polyunsaturated. The monounsaturated fatty
acids palmitoleic (C16:1, w-7) and oleic (C18:1,
w-9) can be synthesized in the human body;,
while the essential fatty acids linoleic (C18:2,
w-6) and alpha-linolenic (C18:3, w-3) must be
ingested through food [15]. The main sources
of essential fatty acids are foods of plant ori-
gin, because plants, unlike animals, possess
Al2-desaturase in their chloroplasts, which
converts oleic acid into linoleic acid, as well as
A15-desaturase, which transforms linoleic acid
into alpha-linolenic acid [16, 17]. Although
plant foods are, in general, low in fat, there are
certain plant varieties from which oils rich in
linoleic and alpha-linolenic acids, as well as
other unsaturated fatty acids, are obtained by
appropriate technological procedures. During
the process of successive elongation and desatu-
ration of essential fatty acids, which is almost
completely carried out in the liver, long-chain
polyunsaturated fatty acids (LCPUFA) are
formed, which have > 20 carbon atoms and
> 2 double bonds [1]. However, the capacity
for endogenous synthesis of the final compo-
nents of w-3 LCPUFA, i.e., docosahexaenoic
acid (DHA, C22:6, w-3) and eicosapentaenoic
acid (EPA, C20:5, w-3), is insufficient not only
in infants but also at other ages, so the intake
of preformed EPA and DHA with food or in
the form of supplements is necessary to meet
physiological needs [15, 18-22]. This also ap-
plies to arachidonic acid (C20:4, w-6), which
is also a semi-essential nutrient within the
first few months after birth [23]. According
to the spatial arrangement of hydrogen atoms
around the double bond of the carbon chain,
cis and trans unsaturated fatty acids are further
distinguished. Trans fatty acids, identically to
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saturated ones, are characterized by a rigid linear struc-
ture, a high melting point, and high atherogenic potential
[24-27]. In addition, some studies suggest that excessive
intake of trans fatty acids (> 1% of total energy intake) is
a risk factor for developing insulin resistance and breast,
prostate, and colon cancers [24, 25]. In milk, dairy prod-
ucts, and ruminant meat, trans fatty acids make up 4-6%
of all fatty acids [28]. However, during the thermal process-
ing of food, and especially during the hydrogenation of
vegetable oils into margarine, a large part of cis fatty acids,
sometimes as much as 60%, is converted to trans isomers
[28]. Due to transplacental and transmammary transfer
and possible damage to the developing brain, intake of
trans fatty acids should be minimized among pregnant
and breastfeeding women, as well as children, especially
during the first 2-3 years of life [24, 28].

Phospholipids are complexes of diacylglycerol and inosi-
tol, choline, serine, or ethanolamine linked by a phosphate
group. The exception is sphingomyelin, which contains
sphingosine instead of glycerol. As key components of the
cell and subcellular membranes of all eukaryotes, phos-
pholipids are present in foods of plant and animal origin.

Cholesterol is the main animal sterol, while the main ste-
rol in fungi is ergosterol, and in plants sitosterol. Cholesterol
is synthesized in the body from acetyl-CoA, primarily in
the liver, and is partly ingested with animal food. Dietary
cholesterol is primarily (85-90%) absorbed in free form
and, to a lesser extent, as esters with fatty acids.

Tables 1-3 show the quantitative and qualitative fat
content of some foods [29-34].

Plant foods are characterized by the absence of cho-
lesterol, with the exception of palm and coconut oil, the
predominant content of unsaturated fatty acids and, except
for algal oil, a complete lack of LCPUFA. Also, the level
of EPA and DHA in animal food from land is much lower
than in food of the same species from water, especially
marine [35].

DIGESTION AND ABSORPTION OF LIPIDS

Digestion and absorption of fat occur primarily in the
small intestine. Triglycerides are hydrolyzed by pancre-
atic lipase, phospholipids by phospholipase 2, and cho-
lesterol esters by cholesterol esterase. Under the action
of sublingual and gastric lipase, most of the short- and
medium-chain triglycerides are hydrolyzed and absorbed
in the stomach [36, 37, 38]. In breastfed infants, milk lipase
also makes an important contribution to the digestion of
triglycerides [36]. After hydrolysis, fatty acids and choles-
terol are absorbed and transported into the bloodstream
via the lymphatic system as part of chylomicrons [37, 38].
In addition to pancreatic lipase, colipase, and an optimal
pH, an optimal amount of bile acids and salts is required
for normal digestion and absorption of fats [37, 38]. The
exceptions are short-chain and medium-chain triglycer-
ides, which are water-soluble and, independent of bile acids
and salts, either in hydrolyzed or intact form, pass directly
into the bloodstream [36, 38].
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Table 1. Triglyceride and cholesterol content in certain types of food

[29, 30]
. . Ratio of saturated
Type of food Triglycerides tounsaturated Cholesterol
(9/100 g) fatty acids (mg/100 g)
Human milk* 3.5-45 0.34-0.47:1 9-15
Cow'’s milk 3.6-3.88 1.7-2.3:1 5-15
Cheese (full-fat) 23-32 1.8-2.1:1 70-100
Chicken egg yolks 31-33 1.8-1.1:1 1070-1700
Chicken liver 4-6.2 0.93:1 429-555
&i'tcr']“;r(‘i;“)‘eat 6.2-11.2 0.55-0.62:1 60-91
Beef (brisket) 1.55-3 2.32:1 70
Pork (lean) 1-2.8 0.34:1 65-77
Sardine 1.2-9.81 0.43:1 142
Salmon 12.5-16.5 0.28:1 35-52
Catfish 1.58-4.3 0.1:1 33

*According to reference [29]

Table 2. Linoleic and a-linolenic acid content in vegetable and animal
fats (mg/100 g) [31, 32]

Dietary source | Linoleic acid a-linolenic acid Ratio
Linseed oil 24,000 47,000 1:2
Soybean oil 53,400 7600 7:1
Olive oil 8000 950 8:1
Corn oil 50,000 900 55:1
Sunflower oil 60,200 500 120:1
Pork fat 8600 1000 8.6:1
Tallow 2580 190 13.6:1

Table 3. Content of basic w-3 long-chain polyunsaturated fatty acids
in food (mg/100 g) [33, 34]

Dietary source EPA DHA
Sardine 763 1292
Herring 909 1105
Salmon 862 1104
Tuna 91 328
Catfish 20 69
Fish oil 27,050 900
Microalgae oil 15,000 30,000
Human milk 0.47-0.53 3.51-5.52
Infant formula 0.45-0.55 6.81-6.88
Egg 0 58
Chicken 10 20
Beef 2 3
Pork 0

DHA - docosahexaenoic acid; EPA - eicosapentaenoic acid

PHYSIOLOGICAL ROLE OF LIPIDS

Lipids are essential structural and functional factors of the
human body. Triglycerides, along with carbohydrates, are
the main source of energy. In addition, they are the main
reservoir of energy and indispensable carriers of numer-
ous physiological functions. The role of phospholipids and
cholesterol lies in their universal presence in the cellu-
lar and subcellular membranes of all eukaryotes [39, 40].
Cholesterol is a precursor of steroid hormones and bile
acids and a basic component of myelin [41, 42]. Essential
fatty acids have multiple important roles. Unlike other
fatty acids, their primary role is related to the synthesis of
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Table 4. Basic guidelines regarding fat intake in the diet of children
and adolescents [45, 46, 47]

Component

Recommended intake
0-1 year: 40-50%
2-3 years: 30-35%

4-18 years: 25-35%
7-10% (w-6:w-3 ~ 5-10:1)

Total fat (share of total caloric value
of food)

Essential fatty acids

Saturated fatty acids <10%
Trans fatty acids <1%
Cholesterol < 300 mg daily

Table 5. Recommended daily intake of w-3 long-chain polyunsaturated
fatty acids in food (WHO/FAO, 2008) [49]

Age DHA EPA + DHA
0-6 months 0.1-0.18% of total energy intake

6-24 months 10-12 mg/kg

2-4 years 100-150 mg
4-6 years 150-200 mg
> 6 years 200-250 mg

DHA - docosahexaenoic acid; EPA — eicosapentaenoic acid

LCPUFA, mostly DHA and arachidonic acid (C20:4, w-6),
which are part of the membrane phospholipids of cells of
the central nervous system and retina [15, 20, 23]. When
present in adequate amounts, with the highest concentra-
tions in the neurocytes of the gray matter of the frontal
lobe of the brain, photoreceptor cells of the macula, and
interneural synapses, these LCPUFA fractions, especially
DHA, ensure optimal mental and visual function [22, 23,
43]. In addition, LCPUFA are precursors of tissue hor-
mones (eicosanoids), prostanoids, leukotrienes, lipoxins,
and others, which play an irreplaceable role in numerous
processes at the cellular and tissue levels [22, 23]. DHA is
also a precursor of the anti-inflammatory neuroprotectors,
protectins, resolvins, and maresins [20, 44].

PHYSIOLOGICAL NEED FOR LIPIDS

Recommendations from the Institute of Medicine of the
United States, the American Heart Association, and the
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the United Nations (FAO) recommend that saturated fatty
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less than 1% of total energy intake, respectively [47, 48, 49].
Considering the limited capacity for endogenous conver-
sion of alpha-linolenic acid into EPA and DHA, recom-
mendations are given regarding their optimal intake (Table
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CONCLUSION

Lipids are among the three basic components of the human
diet. They are an important source of energy and essential
structural and functional constituents of the human body.
Their intake must be adapted to optimal needs, which dif-
fer quantitatively during different stages of growth and
development. Of particular importance are meeting the
needs for essential and semi-essential fatty acids and strict-
ly adhering to the permitted intake limits of saturated fatty
acids, cholesterol, and trans fatty acids.
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JIunnuam y ucxpaHu geue n agonecueHara

Heperko Pagnosuh', 3opaH JlekoBuh??, JoBaHa JaHkoBuh?, CuHmwa [yunh??, Metap Pocuh? Mea Yeprbakosuh?,

Bnagumnp Pagnosuh??

'Cprcko neKapcKo ApyLUTBO, AKagemuja MeanLMHCKIX Hayka Cprickor nekapckor apyLwTsa, beorpag, Cpbuja;

*Ynusep3utet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

3YHuBep3uTeTCKa fievja KNnHKKa, beorpag, Cpbuja;
“Onwra 6onHnua Kpywesau, [leuje onemetse, Kpylwesal, Cpbuja

CAMETAK

JInnuan cy MakpoHYTpUjeHTV Of BULLECTPYKOT 3Hayaja 3a
afieKBaTaH pacT 1 Pa3Boj, Kao 1 OUyBatbe 3ApaBsba y OCTaIMM
¢dazama xmBoTa. Cem LWITO CY, Y3 yI/beHe XxuppaTte, OCHOBHY
13BOP Kanopwuja, NUNMAN Cy HEM30CTaBHU CTPYKTYPHU U GYHK-
LIMOHANIHN KOHCTUTYEHTW opraHu3ma. brxos yHoc mopa 6utm
KomnneTaH 1 npunaroheH onTumanHum notpebama, Koje ce y
KBaHTUTATMBHOM MoOrneay pasnuKyjy TOKOM pasnununtux dpasa
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pacta 1 pa3Boja. [locebaH 3Hauaj MMa 3a0BObaBakbe noTpeda
3a eceHUMjanHmUM 1 ceMMeCeHLMjaNTHUM MacHUM KUCENHaMa,
Kao 1 CTPUKTHO MOLUTOBakbe rOpHE rpaHuULLe JO3BO/bEHOT YHO-
ca 3acuheHnX MacHUX KUCeNMHa, XonecTeposa v TpaHCMacHMUX
KuncenvHa.

KrbyuHe peun: nunuay; dbrianonoLuKa ynora; ontumanHe ro-
Tpebe; Aeua 1 afonecUeHTm
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LETTER TO THE EDITOR / MACMO YPEOHUKY

Three hours and four deaths — years of life lost as a
measure of the burden of motorcyclist fatalities

Dorde Alempijevi¢

University of Belgrade, Faculty of Medicine, Milovan Milovanovi¢ Institute of Forensic Medicine, Belgrade,

Serbia

SUMMARY

On September 6, 2026, four motorcyclists aged 17, 30, 31, and 46 years died in three traffic crashes in
Serbia within a three-hour period. Using 75 years as the upper reference age, these deaths represented
176 potential years of life lost. Assuming a potential working life from 18 to 65 years, they also represented
135 potential working years lost. Valued illustratively at the average monthly gross salary for June 2026,
the undiscounted value of lost future gross earnings was approximately RSD 269 million (approximately
EUR 2.3 million). This excludes healthcare, emergency response, police and judicial costs, property dam-
age, disability, unpaid work, and intangible family losses. Death counts alone therefore understate the
public health and societal burden. Reporting potential years of life lost alongside conventional mortality
indicators could support more proportionate prevention policies for motorcyclists and moped users.
Keywords: premature mortality; wounds and injuries; economic burden; accident prevention

Dear Editor,

On September 7, 2026, the Ministry of the
Interior of the Republic of Serbia reported that
four motorcyclists had died in traffic crashes
during a period of only three hours on the pre-
vious day [1]. At 17:15, two motorcyclists aged
31 and 46 years died at the scene following a
head-on collision between two motorcycles in
the Ljig area; a 33-year-old passenger on one
of the motorcycles sustained life-threatening
injuries. Twenty minutes later, in the munici-
pality of Temerin, a 17-year-old motorcyclist
died after losing control of his motorcycle
and striking a concrete post. According to the
Ministry, he did not have a driver’s license and
was not wearing a protective helmet or other
protective equipment. At 20:15, a 30-year-old
motorcyclist died following a collision with a
car in the Sremska Mitrovica area [1].

A count of deaths alone does not fully rep-
resent the health and societal burden of these
events. Potential years of life lost give greater
weight to deaths at younger ages and constitute
a measure of premature mortality [2]. Using a
simple model with an upper reference age of
75 years, the individual losses were 44, 29, 58,
and 45 years. Thus, within a single afternoon,
these four deaths accounted for a total of 176
potential years of life lost.

The economic consequence may also be
expressed approximately as potential working
years lost. Assuming, for operational purposes,
a working life from 18 to 65 years, the individual
losses were 34, 19, 47 and 35 years, amounting
to 135 potential working years. If each year is
valued, solely as a simplified human-capital in-
dicator, using the average monthly gross salary

for June 2026 of RSD 166,123 [approximately
EUR 1,420 (converted using an exchange rate
of approximately RSD 117.2 per EUR)] [3], the
undiscounted value of lost future gross earnings
is approximately:

135 x 12 x RSD 166,123 = RSD 269,119,260.

This amount, approximately RSD 269 mil-
lion (approximately EUR 2.3 million), is not
an estimate of the total economic cost of the
crashes. It is only an illustrative estimate of
lost gross earnings. It does not account for the
probability of employment, future wage and
productivity growth, discounting, unpaid work,
emergency medical and hospital costs, police
and judicial expenditure, property damage,
long-term disability, or the intangible losses
borne by families. The actual societal burden
is therefore undoubtedly greater.

The event is even more alarming in light of
the Ministry’s report that, since the beginning
of 2026, traffic crashes have killed 48 motorcy-
clists and three motorcycle passengers, as well as
seven moped riders and two moped passengers.
During the corresponding period of the previ-
ous year, 39 motorcyclists and one moped rider
had died, with no deaths among motorcycle or
moped passengers [1]. These figures indicate
that deaths among users of powered two-wheel-
ers should be treated as a priority public health
problem, consistent with the Safe system ap-
proach, which acknowledges that people make
mistakes but seeks to prevent those mistakes
from resulting in death or serious injury [4].

Prevention efforts must simultaneously
address speed control, the use of helmets
that meet applicable safety standards and
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other protective equipment, possession of the appropri-
ate driver’s license, safer road infrastructure, education of
young riders, and the responsibility of those who make
vehicles available to minors. Consistent enforcement of
laws prohibiting the operation of motorcycles, mopeds,
and other motor vehicles under the influence of alcohol
or psychoactive substances is also required. This is stated
as a general preventive measure and does not imply that
any rider killed in the crashes described above was under
the influence of alcohol or psychoactive substances, as the
Ministry’s statement contains no such information.

Four deaths in three hours are not merely four units in
mortality statistics. They represent 176 years of life lost,
at least 135 years of potential working contribution, and
an economic loss that, even under a highly restrictive ap-
proach, amounts to hundreds of millions of dinars. Routine
reporting of potential years of life lost alongside conven-
tional road traffic mortality indicators could improve
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Tpu yaca ¥ YeTMpU CMPTHA UCXOAa — U3ryb6/beHe roauHe KMBOTA Kao mepa TepeTa

CTpaAatba MOTOLUUKINCTA

hHophe AnemnujeBuh

YHuBep3uTeT y Beorpagy, MeguumHckm dakyntet, UIHCTUTYT 3a cyacky meauuuHy ,MunosaH MunoaHoswuh’, beorpag, Cpbuja

CAXETAK

[aHa 6. centembpa 2026. roguHe, y Tpu caobpahajHe Hesroge y
Cpbuiju, y pa3maKy of TpU Yaca, MoruHyna cy YeTvpym Bo3aya Mo-
Toumkna ctapoctu 17, 30, 31 1 46 rognHa. Y3 ropky pedepeHT-
Hy rpaHuLy og 75 rogriHa, 0B1 CMPTHU UCXOAMN NPEeACTaB/bajy
176 noTeHumjanHo n3rybrbeHmx rogHa )mBota. AKO ce NoTeH-
LmMjanHu pagHu Bek ogpean of 18. [o 65. roavHe, n3rybsbeHo
je n 135 noTteHumjanHUX rogrHa pagHor Beka. Kaga ce oHe, nc-
KJbyUBO WYCTPATUBHO, BPEAHYjY MPOCEYHOM MECEYHOM bpY-
TO 3apafoM 13 jyHa 2026. roanHe, HeACKOHTOBAHa BPefHOCT
n3ry6sbeHux 6yayhux 6pyTo 3apaga n3HOCU NPUGINKHO 269
MWUMOHa AMHapa (0Ko 2,3 MunmnoHa eBpa). [NpoueHa He 06y-
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XBaTa TPOLLKOBE 3[APaBCTBEHOT 36puHbaBakba, XUTHUX CIyX6u,
NOANLMJCKIX 1 CYACKMX MOCTyMaka, MaTepujanHy LTeTY, MHBa-
NMBHOCT, HennaheHn pag n HemaTepujanHe rybutke nopoamua.
OBaj NpopayyH nokasyje fa cam 6poj NOrvHyIMX NoTLeHbYje
jaBHO3[paBCTBEHM 1 ApYLUTBEHY TepeT caobpahajHux nospesa.
MpuKasuBatbe NOTEHLMjaNHO U3ry6/beHNX roAvHa X1BoTa y3
yobuuajeHe nokasaTtesbe MopTanuTeTa Morio 6v gonpriHeTn
npuMepeHnjeM niaHrpatby NpeBeHLumje CTpafatba KOPUCHNKa
MoTOLMKana 1 monepa.

KrbyuHe peuu: npeBpemMeHa CMPTHOCT; NMOBPeAE; EKOHOMCKM
TepeT; crpevaBatbe He3rofa
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

ITpe nopHoOmema pyKonica YpegHUIITBY Yaconuca , CpIcKu
apxuB 32 HeNoKynHo nekapcTBo” (CA) cBu ayropm Tpeda ra
npountajy Yiyrcrso 3a ayrope (Instructions for Authors),
rie he nponahu cBe norpedue nndopmanuje o nucamwy
U IpUIIPeMH Paja y CKIafy ca CTAaHZAPAMMA YacoIMca.
Beoma je BayKHO a ayTopu npuUIIpeMe paj mpeMa JaTuM
NPONO3NIMjaMa, jep YKOINKO pyKonuc He dyfe yckmahen
C OBMIM 3aXTeBNMMa, YpegHUITBO he opmoxxuTy mwin oxdu-
TH HberoBo mydnukoBame. PagoBu odjaBbenn y CA ce He
XoHopapuy. 3a wiaHke Koju he ce odjaBurn y CA, camom
NnoHYHoM paja CpICKOM apXMBY CBU ayTOPM paja MpeHoce
CBOja ayTOpCKa MpaBa Ha M3gaBaya yaconuca — Cprcko
JIeKapCKO APYLITBO.

OIIIITA YIIYTCTBA. CA odjaBbyje pasoBe Koju fio cafa
HIICY HUT/IE 00jaB/beH, Y LIe/IOCTI WM [Ie/IOM, HITH IIPUXBa-
henn 3a odjaBprBame. CA 0djaB/byje pafoBe Ha €HITIECKOM 1
CpIICKOM je3uKy. 350r do/be gocTynHoCTH 11 Behe nutypanocTn
Iperopydyje ce ayTopyMa jja pajjoBe CBUX 0O/1MKa Ipenajy
Ha eHI7IecKoM jesuky. Y CA ce 0djaBmyjy cnenehe kareropuje
pajioBa: YBOJHULIY, OPUTMHA/IHY PaJIOBY, [IPETXO/{HA U KPaTKa
CaOIILIITe A, IPMKA3U OIECHNKA I CITy4ajeBa, BUJEO-WIAHIIN,
C/IMKe 13 KITMHIYKE MeUIIIHE, IPET/IeHI PajiOBI, aKTye/lHe
TeMe, PafioBM 3a IIPAKCY, PaJiOBI I3 ICTOPYj€ MEIVILIVIHE I je3N-
Ka MeJMIIMHe, MeAULIMHCKe eTHKe, Pery/IaTOPHIX CTaH/apAa ¥
Me[IULIVIHY, M3BEILTaj) Ca KOHTPeca 1 HAyIHNX CKYIIOBa, IMYHI
CTaBOBM, KOMEHTAPU 10 IO3UBY, IIIICMa YPEeLHNUKY, IPUKA3U
KIBUTQ, CTPY4He BecTH, In memoriam u fpyru npunosu. Opu-
TMHAJTHY PaJIOBY, IIPETXO/{HA 1 KPAaTKa CAOIIIITe b, IPUKA3N
dorecHuKa 1 CTy4ajeBa, BUIeO-WIAHIM, C/IMKE U3 KIMHIIKE
MeMIVIHe, IPerIefHI PaloBU 1 aKTye/IHe TeMe, ITyOIUKYjy
Ce HCK/bY4YMBO Ha €HITIECKOM je3NKY, @ 0OCTajle BpCTe pafoBa
ce MOTy ITyO/IMKOBATH 1 Ha CPIICKOM je3UKY CaMo IO Of/Ty LI
Ypenuuirsa. PagoBu ce yBek JOCTaB/bajy ca CaKeTKOM Ha
EHIJIECKOM U CPIICKOM je3MKY (y CKJIOIly caMor PyKOIIuca).
TekcT paza KyuaTu y nporpamy 3a odpany Tekcra Word,
¢dourtom Times New Roman v Bemm4nHOM cr1oBa 12 Tadaka
(12 pt). Ce yeTnpy Maprise HOJECUTH Ha 25 mm, BeMndn-
Hy cTpaHniie Ha popmar A4, a TEKCT KYLIaTI C IBOCTPYKNUM
IPOpeJOM, TIeBUM IIOPaBHAIbEM I YBJIadeheM CBAKOT ITacyca
3a 10 mm, de3 femema peun (xndenanuje). He kopucturu
tady/IaTope U y3acTOIIHe IIpasHe KapakTepe (cIejcose) paan
HOpaBHama TEKCTa, Beh alaTke 3a KOHTPOTY OpaBHaKa Ha
newupy u Toolbars. 3a Ipenasak Ha HOBY CTpaHy JOKYMeHTa He
KOPYCTUTH HU3 ,eHTepa", Beh nckbyunso onujy Page Break.
ITocre cBaKor 3HaKa MHTEPIYHKIIMje CTABUTHU CaMO jelaH
Ipa3aH KapakTep. AKO ce Y TeKCTY KOPYCTe CIIeLJja/IHy 3HAIM
(cumdonm), kopuctutu pout Symbol. Tlogaum o kopuinhenoj
JINTEPATypHU Y TEKCTY O3HAYABAjy Ce apallcKuM dpojeBuma y
yIIIaCTUM 3arpafiama — Hip. [1, 2],  To pefocieioM Kojum ce
110jaBJbYjy y TekcTy. CTpaHMIle HYMEPICATU PELOM Y JOmeM
IeCHOM YTIIy, TI0U€B Off HACTIOBHE CTPaHe.

I[Ipu mmcarmy TeKCTa Ha eHITIECKOM je3MKy Tpeda ce mpupp-
>KaBaTH je3MYKOT CTaHziapAa American English U KOPUCTUTHI
KpaTKe 11 jacHe pedeHnmIe. 3a HasMBe JIEKOBA KOPUCTUTH VC-
K/by4VBO TeHepIdKa MeHa. Ypebaju (amaparu) ce osHauaBajy
¢dadpuukym HasuBMMa, a MMe 1 MecTO IponsBohava Tpeda

HaBECTH Y 08/MM 3arpajiama. YKOIMKO Ce Y TeKCTY KOPUCTe
O3HaKe KOje Cy CIOj CJIoBa 1 OpojeBa, IIPeI38HO HAaNNCaTu
Spoj Koju ce jaB/ba y CYHepCKPUIITY WK CYICKPUITY (HIIp.
#Tc, IL-6, O,, CD8). YKONMKO ce HEemITo yodudajeHo muiie
KypsusoM (italic), Tako ce 1 HaBojy, HIIp. renu (BRCAI).

YKonuKo je paji 1eo MarucTapcke Tese, OHOCHO JOKTOPCKe
pucepranuje, win je ypaheH y OKBupy Hay4HOT IPOjeKTa,
TO Tpeda mocedHo HasHaunTyH y HaroMeHn Ha Kpajy Tekcra.
Takobe, yKonMKo je paji MpeTXOJHO CAOIIITeH Ha HEKOM
CTPYYHOM CacTaHKY, HaBeCTM 3BaHMYaH Ha3MB CKyTIa, MECTO I
BpeMe OfipXKaBatba, Jla JIV je U Ha KOji HauMH paji Myd/IMKoBaH
(HITp. VICTY VJIU IPYTauMjy HACTIOB M/IM Ca)KEeTaK).

KIMHWYKA ICTPAJKMBAIDbA. Knuanuka nctpaxusama
ce meUHMIIY Ka0o UCTPaKUBaba yTHULAja jefHOT MM BUIIIe
CpefcTaBa MM Mepa Ha MCXOf, 34paBsjba. Perncrapcku dpoj
UCTpaXMBaIba Ce HABOAM Y TTOCNIENHEM PEy CaXkKeTKa.

ETYKA CATTTACHOCT. Pykomyicu o MCTpaKiBarbiMa Ha
JbyauMa Tpeda fa cajip>ke U3jaBy y BULY MMCAHOT IPYCTAaHKA
UCINUTUBAHNX 0C0da Y CKIamy ¢ Xe/ICHHIIIKOM JeK/IapalijoM
7 Of0dperbe HaIeKHOT eTUYKOT 000 ja Ce MICTPaXKMBAbe
MOXKe M3BECTH U 1a je OHO Y CKJIajiy C IIPaBHMM CTaHJapAMMa.
EkcriepuMeHTa/IHa UCTPXKMBakba Ha XyMaHOM MaTepujaiy
M ICOUTUBAaba BpIIEHa Ha )XMBOTHIbAMA Tpeda f1a cafipixe
U3jaBy eTUYKOT 0f00pa yCTaHOBe 1 Tpeda 1a Cy y CarlacHOCTI
C IPaBHMM CTaHAPAMMA.

M3JABA O CYKOBY MHTEPECA. V3 pykonuc ce npuna-
Ke MOTINCaHa U3jaBa y okBupy odpacua Submission Letter
KOjOM Ce ayTOpu U3jalliibaBajy o cBakoM Moryhem cykody
MHTepeca MV BerOBOM OfICYCTBY. 3a I0fjaTHe NHpOpMalje
0 PasIMIUTHM BPCTaMa CyKoda MHTepeca II0CeTUTH NHTep-
HeT-crpanniyy CBETCKOT ypY)Kerha YPeAHNKa MEAUIIHCKIX
vacommca (World Association of Medical Editors - WAME;
http://www.wame.org) TIOJ; Ha3UBOM ,,IlonmuTuKa U3jaBe 0
cyKkody uHTepeca®

AYTOPCTBO. Cse ocode Koje cy HaBefleHe Kao ayTOpK paja
Tpeda fia ce kBamuKyjy 3a ayropcro. CBaku ayTop Tpeda
7ia je y JOBO/bHOj MEPM yIECTBOBAO Y Pajly Ha PYKOIIMCY KaKo
Sy Morao Jia ImpeysMe OTOBOPHOCT 3a IeIOKYIIaH TEKCT 1
pesynrare u3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JIOIIPMHOCY KOHIIETIIMjI Pajia, Zodujamby pesynrara
VIV QHA/IU3Y M TYMadery Pe3ynTaTa; INIaHipatby PYKOIuca
VIV Fb€TOBOj KPUTIYKO] PEBUSHjI OFf 3HATHOT MHTEIEKTYa/THOT
3Ha4aja; 3aBPLUIHOM JOTEPMBaIby Bep3uje PyKOIICa KOjI ce
IpuIpeMa 3a IMTaMIambe.

Ayropu Tpeda fa HpUIOKE OMNC FOIPMHOCA TIOjeAVHATHO
3a CBaKoOr KoayTopa y oKBupy odpacua Submission Letter.
duHaHCKparbe, CAKYIUbakbe MOaTaKa MV TeHEePaTHO HafTe-
Jiatbe MCTPAKMBAUKe TPyIIe CAMI IO Cedy He MOTY OIpaBJaTi
ayropctBo. CBU APYTH KOjU Cy HOIPUHENN U3PANH Paja, a
KOjJ1 HICY ayTOPM pyKoIuca, Tpedao du na Syny HaBeleH! y
3axBa/THMUIIN C OIIVICOM FIXOBOT JOIIPMHOCA Pajy, HAPABHO,
y3 IMCaHM IIPHCTaHAK.
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IUTATJAPU3AM. Op 1. janyapa 2019. ropguse cBU pyKOICK
NIOABPraBajy ce MPOBEPH Ha IIarujapyusam/ay ToIIaTujapusamMm
npexo SClndeks Assistant - Cross Check (iThenticate). Pagosu
KOJI KOjMIX Ce JIOKajKe IIIarujapusaM/ay Torarujapusam duhe
ofidmjeHn, a ayTopy CaHKI[MOHVCAHM.

HACJIOBHA CTPAHA. Ha nipBoj cTpaHNIN pyKoIIica Tpe-
da HaBectu crenehe: HacoB paga des ckpahenniga; mpepor
KpPaTKOI Hac/IOBa pajia; IyHa MMeHa I Iipe3uMeHa ayTopa (de3
TUTY/IA) MHAEKCHpaHa OpojeBrMa; 3BaHNYaH Ha3)B YCTAaHOBA
Y KOj/IMa ayTOpM pajie, MECTO I IpXKaBy (pemocnenom KOjI Ofi-
roBapa MHEKCHpaHuM dpojeBIMa ayTopa); Ha [IHY CTpaHuLie
HaBECTH VIMe U IIpe3NMe, afipecy 3a KOHTaKT, dpoj TeredoHa,
(hakca 1 MMejI1 afipecy ayTopa 3a/[y>KeHOT 38 KOPECIIOHIEHIN]Y.

CAJKETAK. V3 opurnHanau paj, IpeTXOZHO U KPaTKO
CaomIlTehe, Ipere] 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 CaXeTaK 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 HaBeJleHMX CerMeHaTa IICaTI Kao IocedaH Iacyc
KOju TI0uNIbe SONI0BaHOM pedjy. HaBecTu HajBaxkHuje pesyi-
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 O] 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 Off 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
SpojeB1Ma, 3BaHITYAH HA3MB YCTAHOBA Y KOjIIMa ayTOPH pajie,
MecTo 1 ipkaBy. Ha cne,uehoj — YeTBPTOj IO PRy — CTPAHMI
[IOKYMeHTa IIPWIOKUTH caxkeTak (100-250 peun) ¢ K/bydHUM
peunma (3-6), 11 TO 32 pafioBe y KOjlIMa je 0daBe3aH caxeTak
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 TINIITY BEMUKUM
macHuM cnosuma (domy). OpurnHamIHU paj U IPETXORHO
U KpaTKo caomiuTeme odaBesHo Tpeda fa nMajy crenehe

noprHacnose: YBoz (Lnmm paa HaBecTV Kao MOCTIe Y ITacyc
YBopa), Merope papa, PesynraTu, luckycuja, 3akpyyak,
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, MHULMjajIe, 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 mpurpeme paja 3a mydnKoBame.

CKPAREHMIE. Kopuctuty camo Kafia je HeOIXOHO, U
TO 33 BEOMa Jiyradyke Ha3/Be XeMUjCKUX 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 jefuHNUIIA
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).
Kaz rox je To Moryhe, Spoj 3a0Kpy>KUTH Ha jefiHY AeLMMary.

JEAVUHMIIE MEPA. Jly>xuny, BUCHHY, TE&XUHY U 3aTIPEMUHY
U3paXKaBaT! y METPUYKYM jefHMIIaMa (MeTap — 11, KIIorpam
(rpam) - kg (g), murap - [) unu muxoBuM jenosuma. Temire-
patypy uspaxasaru y crenennma Llensujyca (°C), kommauny
cyrcraIie y Momima (1ol), a IpUTHCaK KPBY Y MUIVMETPYMA
skuBuHOr ctyda (mm Hg). CBe pesynraTe XeMaTONTOLIKIX,
KIMHUYKYX ¥ OMOXeMUjCKIX Meperba HaBOJUTH Y MeTpud-
KOM crcteMy pema MebynapopgHaoMm cucremy jemuunia (SI).

OBVIM PAJTOBA. IlenokynHu pyKonuc pajia, Koju YuHe —
HAC/IOBHA CTPaHa, CaXKeTak, TeKCT Pajia, CIMCAK IUTepaType,
CBM IIPUJIO3Y, OFJHOCHO HOTIIVNCH 32 BUX U jTereHpa (tadere,
CIIMKe, TpaMIKOHM, CXeMe, [IPTEXI), HACIOBHA CTPaHa I ca-
JKETaK Ha CPIICKOM je3UKy — He cMe uMaty Buiue of 5000 peun
3a OPUTMHAJIHU Pafl, paji U3 ICTOpMje MeAMULIMHE U TIpeTTIe]
nuTeparype, ogHocHO Bumie of 3000 peun 3a mMpeTXOLHO
U KPaTKO CaoIIITebe, IPUKa3 O0/IeCHUKA, aKTYeIHY TeMY,
Ppan 3a IPaKCy, eNyKaTUBHM YWIAHAK, Paji 3a PyOPUKY ,,Je3nK
MefMIHe 1 U3BEIITaj ca KOHIpeca I HayYHUX CKYIIOBa;
pazmoBu 3a ocTaje pydpruke MOry uMmary Hajsuiie 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.

ITPVITTIO3M PAJTY cy taderne, ciuke (potorpaduje, LipTexi,
cXeMe, TPaUKOHN) 1 BUJO0-IPIUJIO3NL.

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 u dutn y dopmary avi, mp4(flv). V3 Buseo nocedno
IOCTABUTH CIHKY Koja Ou Suia mIycTpanyja BUAeo-IprKasa
y e-usfamy 1 0djaB/beHa y IITAMIIAHOM U3Jakhy. YKONIMKO je
PYKOIINC Ha CPIICKOM je3UKY, IIPUIOKUTY HasMBe CIUKA I
JlereHpy Ha 0da jesuka.

Crnuxe ce y cBecIM 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 u 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 wm Adobe Illustrator
(mporpamu 3a pajj ca BeKTOpyuMa, Kpusama). CBM HOfaLy Ha
cxeMmnt Ky11ajy ce y ponty Tirmes New Roman, cioBiMa Be/ndyiHe
10 pt. Kopuurthene ckpahenniie Ha cxemn Tpeda odjacHuTH
Y JIETeH/IU MCIIOf, cXeMe. YKOJMKO je PYKOIIIC Ha CPIICKOM
jesMKY, IPMIOKUTH Ha3MBe CXeMa 1 JIeTeHy Ha 0da je3uka.

3AXBAJTHUIIA. HaBecTu cBe capajiHMKe KOjy Cy JOIpPHK-
HeJIM CTBapalby pajia a He VICITYbaBajy MepuIa 3a ay TOPCTBO,
Kao 1ITO cy ocode Koje 0desdebyjy Texunmuky nomoh, momoh
y HMcamy paja Win pyKoBofie ofie/bereM Koje odesdebhyje
onmty noxpiky. PrHaHCKMjCKa ¥ MaTepujaaHa momoh, y
OQNIMKY CIOH30PCTBA, CTUIICH/IM]ja, TIOKJIOHA, OIIpeMe, JIeKOBa
u fipyro, Tpeda Takobe fa dyze HaBefeHa.

JIMTEPATYPA. Crucak pedepeHIN je OATOBOPHOCT ayTo-
pa, a GUTHpaHU WiaHIM Tpeda fa SyAy aKo IPUCTYIAYHN
ynTaonyMa daconuca. Crora y3 cBaky pedepeHiry 0daBesHo
tpeda HaBectyt DOI 8poj wiaHKa (jeAMHCTBEHY HICKY Kapak-
Tepa Koja My je nonebeHa) u PMID Spoj yKOIMKO je wiaHak
uHpexcupat y dasu PubMed/MEDLINE.

Pedepentie HyMepycaTyt pegHIM apaIcKuM dpojeBrMa IpeMa
penocneny HaBobema y TekcTy. Bpoj pedeperiu He 1t Tpedaro
na dyne Behu ox 30, ocuM y mperyieny nuTeparype, y KojeM je
II03BOJbEHO A X 6y11e 1o 50, m'y MeTaaHa/IN3M, ITie UX je J10-
3B07beHO 110 100. bpoj uuTnpanux opurmHaIHKUX pajioBa MOpa
dutu HajMmame 80% of YKyIHOT dpoja pedpepeHLIt, OFHOCHO
Spoj LINTHMPaHNUX KIbITA, TIOI/IAB/bA Y KIbUIaMa I IPer/IeHUX
wiaHaka Mamy off 20%. Ykonmko ce romahe MoHorpadcke
nydnuKalyje 1 WiaHIM MOTY YBPCTUTH Y pedepeHlie, ayTo-
PY CY Ay)KHU [ia ¥X LUTupajy. Behnta nurupannx Hayqnmx
yraHaka He 01 Tpedano ma dyzme ctapmja of HeT rOfUHA.
Huje 103BO/BEHO LIMTHUPakbe allCTPaKaTa. YKOIMKO je SUTHO
KOMEHTApUCaTH pe3y/Tare KOjii Cy IyO/IMKOBaHNU CaMo Y BUAY
aNCTPaKTa, HEOIXOHO je TO HABECTH Y CAMOM TeKCTY paja.
Pedepentie wianaka koju cy npuxBaheHy 3a LITaMITY, a/1i jOLI
HICY 00jaB/beH N, Tpeda 03HAUNUTI Ca in press U MPUIOKUTH
IOKa3 o IIpMXBaTaby paja 3a 00jaB/buBalbe.

Pedepente ce urunpajy npema Bankysepckom cruny (YHU-
(dbopMucaHNM 3aXTeBMMa 3a PYKOIIICe KOjii ce Ipefajy duome-
IVIMHCKIM YacOIMCHMa), KOji je ycrocrasuo Melyynaponsn
KOMMTET ypeJHUKA MeAMIIMHCKIX yaconca (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine n dase HayuHux mydmkanyja. IIpumepnu HaBoherma
nydmvkanyja (4IaHaKa, KWUra 1 [pYTX MOHorpaduja, enex-
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.

AJTIPECA:

CPpIICKO JIEKAPCKO APYIITBO

YpenHumTBO Jaconuca , CpIICKM apXMB 32 L[/IOKYIIHO Jie-
KapcTBO

V. kpamune Haranuje 1

11000 beorpapn

Cpduja

Tenedonn: (+381 11) 409-2776, 409-4479

E-mail: office@srpskiarhiv.rs

Wurepuer agpeca: http://www.srpskiarhiv.rs

ISSN 0370-8179
ISSN Online 2406-0895 OPEN ACCESS

CpIICKM apXUB 3a IIEJIOKYITHO JIEKapCTBO je JaCOMIC OTBO-
peHor npucryia. CBY WIAHIM MOTY Ce deCI/IaTHO IIpey3eTn
U KOPUCTUTHU y CKnafy ca nuueHnom Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC).



INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of the
Serbian Archives of Medicine, authors should read the In-
structions for Authors, where they will find all the necessary
information on writing their manuscript in accordance with
the journal’s standards. It is essential that authors prepare
their manuscript according to established specifications,
as failure to do so will result in the 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 a 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 square brackets (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 a competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain a 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 (software
iThenticate) for plagiarism and auto-plagiarism control. The
manuscripts with proven plagiarism/auto-plagiarism will be
rejected and authors will not be welcome to publish in Serbian
Archives 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 first-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, articles for
“Language of medicine” and 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 avi, mp4 (flv) video format. The first shot of the video
must contain the following: title of the journal in the heading
(Serbian Archives 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 renounc-
ing 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 avi, mp4 (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
(Uniform 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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CIP - Karanorusanuja y myOamKanuju
Hapopna 6u6nmorexa Cp6uje, Beorpap
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CPIICKM apxuB 3a IleIOKYITHO 1€KapCTBO : 3BaHMYAH
vacomnuc CpIickor nekapckor apymrsa = Serbian Archives
of Medicine = Official journal of the Serbian medical society /
[JIaBHU ¥ ofiroBOopHY ypenuuty loppana Teodunoscku-Ilapanup,
Cunnura Crojkosuh. - Kib. 1 (1874)-x1s. 2 (1875) ; kib. 3 (1879)-
Kib. 8 (1881) ; Kib. 9 (1887)-kb. 10 (1888) ; kib. 11 (1894)-
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