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1874,

The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomnc CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective Early identification of high-risk patients with COVID-19-associated sepsis is
essential for timely intervention and optimal ICU resource allocation. This study aimed to evaluate and
compare the prognostic performance of risk-stratification of emergency department sepsis (REDS) and
sequential organ failure assessment (SOFA) scores, alongside D-dimer levels, in predicting 28-day mor-
tality among critically ill patients.

Methods A retrospective analysis was conducted on 163 critically ill adult patients with confirmed CO-
VID-19 and sepsis (Sepsis-3 criteria) admitted to the intensive care unit of a tertiary center between
November 2020 and May 2022. REDS, SOFA, and D-dimer values were assessed within 24 hours of ICU
admission. Predictive value was evaluated using ROC analysis, logistic regression, and x* automatic
interaction detector (CHAID) decision tree modeling.

Results The overall 28-day mortality rate was 65.6%. REDS (AUC = 0.690) and SOFA (AUC = 0.680) dem-
onstrated moderate predictive ability, while D-dimer showed lower accuracy (AUC = 0.632). REDS > 2 had
the highest sensitivity (80.2%), and SOFA > 4 had the highest specificity (56.1%). Both REDS and SOFA
were identified as independent mortality predictors. CHAID analysis recognized REDS as the strongest
discriminator, stratifying mortality risk into three distinct groups (42.9%, 66.1%, and 84.5%).
Conclusion REDS and SOFA scores provide meaningful prognostic value in patients with COVID-19-related
sepsis. REDS demonstrated a slight advantage and may serve as a simple and effective bedside tool for
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early risk stratification in clinical practice and future viral pandemics.
Keywords: COVID-19; sepsis; REDS score; SOFA score; prognosis; mortality

INTRODUCTION

Critically ill patients with COVID-19 and sep-
sis remain among the most vulnerable in inten-
sive care units (ICUs), with persistently high
mortality rates despite advances in supportive
care [1, 2, 3]. The convergence of viral pneumo-
nia, immune dysregulation, and sepsis-induced
multiorgan failure creates complex clinical
scenarios, underscoring the urgent need for
reliable early prognostic tools [4]. Timely risk
stratification is essential to inform therapeutic
decisions, optimize resource allocation, and
improve patient outcomes. While numerous
studies have explored individual biomarkers
and severity scores, there is still no consensus
on the most effective approach for early mor-
tality prediction in this high-risk group [5, 6,
7]. Notably, risk-stratification of emergency
department sepsis (REDS) scoring system has
been shown to be a simple and objective tool
for risk stratification in patients with suspected
sepsis, although these studies did not include
patients with COVID-19 [8].

This study provides novel insights by di-
rectly comparing the prognostic performance
of three early indicators - the sequential organ
failure assessment (SOFA) score, REDS score,
and D-dimer levels — within the first 24 hours

of ICU admission in COVID-19 patients with
sepsis. Unlike prior research that typically as-
sessed single markers or lacked rigorous valida-
tion, our study integrates multiple established
tools and employs advanced statistical tech-
niques, including bootstrap-adjusted multi-
variate logistic regression and x* automatic
interaction detector (CHAID) decision tree
modeling, to enhance predictive power and
internal validity [9, 10, 11].

The most notable finding is the potentially
valuable prognostic role of the REDS score in
predicting 28-day mortality, supported by re-
ceiver operating characteristic (ROC) analysis,
multivariate models, and decision tree classifica-
tion. A simplified model based on REDS thresh-
olds effectively stratified patients into clinically
relevant risk groups, supporting its utility in
ICU triage and early management. The use of
bootstrap validation further mitigates limita-
tions common to retrospective studies, such as
small sample size and data skewness, enhancing
the robustness of our conclusions.

This study was conducted in critically ill
COVID-19 patients with sepsis. While the
findings provide valuable insights for this spe-
cific population, their applicability to future
pandemics caused by similar viral pathogens
remains to be investigated. Given the challenges
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posed by comorbidities, immunosuppression, and variable
vaccine responsiveness, our results underscore the poten-
tial importance of accurate, evidence-based prognostic
tools in guiding clinical decisions. The objective of this
study was to assess and compare the prognostic accuracy
of the SOFA score, REDS score, and D-dimer levels in pre-
dicting 28-day mortality, using comprehensive and statisti-
cally rigorous methodologies. These findings contribute to
the expanding literature on multidimensional and machine
learning-assisted approaches in critical care and support
further external validation in larger, diverse cohorts.

METHODS

This retrospective observational study was conducted at
the Institute for Pulmonary Diseases of Vojvodina, within
the Clinic for Intensive Care Medicine and Pulmonary
Vascular Diseases, Department for Intensive Care and
Intoxications Level 3. The study population included 163
critically ill patients with confirmed COVID-19 and sepsis
who were admitted to the ICU between November 2020
and May 2022.

Eligibility criteria included adult patients (> 18 years)
with COVID-19 confirmed via reverse transcription-
polymerase chain reaction or rapid antigen testing using
nasopharyngeal swabs. All patients met Sepsis-3 criteria,
requiring documented or suspected infection and an acute
increase of > 2 points in the SOFA score [12]. To mini-
mize confounding, we excluded individuals with advanced
immunocompromised states (e.g., HIV/AIDS, transplant
recipients, active cancer, autoimmune diseases), as well as
pregnant or breastfeeding women.

Demographic, clinical, and laboratory data were collect-
ed from medical records within the first 24 hours of ICU
admission. Variables necessary for calculating the SOFA
and REDS scores were extracted from documentation
and verified by two independent reviewers. Laboratory
tests, including D-dimer levels, were performed using
the VIDAS® D-Dimer Exclusion II assay (BioMérieux,
Marcy-I'Etoile, France), which is based on an enzyme-
linked fluorescent assay technique and analyzed on the
VIDAS 3 platform.

The primary outcome was 28-day all-cause mortality.
Statistical analyses were performed using SPSS Version
26.0 (IBM Corp., Armonk, NY, USA), MedCalc Statistical
Software v20.2 (MedCalc Software Ltd., Ostend, Belgium).
A two-tailed p-value < 0.05 was considered statistically
significant.

Statistical analysis

Continuous variables were summarized as medians with
interquartile ranges, while categorical variables were pre-
sented as frequencies and percentages. The distribution
of continuous variables was assessed using the Shapiro-
Wilk test. Between-group comparisons were conducted
using the Mann-Whitney U test for non-normally distrib-
uted data and the x* or Fisher’s exact test for categorical
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variables, depending on expected cell frequencies. To eval-
uate the discriminatory power of the SOFA score, REDS
score, and D-dimer levels for predicting 28-day mortality,
ROC curve analyses were performed. The Youden index
was applied to determine optimal cut-off values for each
marker. Diagnostic performance was assessed through sen-
sitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV), each with corresponding
95% confidence intervals. Multivariate logistic regression
analysis was conducted to identify independent predictors
of 28-day mortality, with internal validation performed
through bootstrapping (1000 iterations) to improve model
robustness and minimize overfitting. Model calibration
was assessed using the Hosmer-Lemeshow goodness-of-fit
test by comparing observed and expected mortality across
deciles of predicted risk. Additionally, a CHAID decision
tree analysis was employed to explore variable interactions
and stratify mortality risk groups based on REDS, SOFA,
and D-dimer, allowing identification of key thresholds and
clinically relevant decision nodes.

Ethics: The study protocol received ethical approval from
the Ethics Committee of the Institute for Pulmonary
Diseases of Vojvodina (No. 9-11/3, February 24, 2022) and
the Faculty of Medicine, University of Novi Sad (No. 01-
39/190/1, May 13, 2022).

RESULTS

In this study involving 163 critically ill COVID-19 patients
with sepsis, the prognostic performance of three early clin-
ical indicators — SOFA score, REDS score, and D-dimer
levels — was evaluated within the first 24 hours of ICU
admission for their ability to predict 28-day mortality. In
this cohort, the prevalence of comorbidities varied, with
hypertension (55.8%) and diabetes mellitus (27%) being
the most common (Figure 1). Although patients with ma-
lignancy exhibited the highest mortality rate (90.9%), this
did not reach statistical significance (p = 0.062), likely due

Prevalence of Comorbidities in Study Population

Hematological Disorders I
Heart Failure I
Hypothyroidism
Autoimmune Diseases
Obesity
Psychiatric Conditions

Malignancy

Comorbidity

Allergies
COPD

D

Prevalence (%)

Figure 1. Prevalence of comorbidities in the patient cohort, with hypertension
(HTN) (55.8%) and diabetes mellitus (DM) (27%) as the most frequent condi-
tions; cardiovascular disease (CVD) and chronic obstructive pulmonary dis-
ease (COPD) rank third and fourth in prevalence, respectively; this distribution
highlights the common occurrence of multiple underlying diseases that may
influence patient prognosis and clinical management

www.srpskiarhiv.rs
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Figure 2. ROC curves for D-dimer, sequential organ failure assessment
(SOFA), and risk-stratification of emergency department sepsis (REDS)
scores showing their predictive accuracy for 28-day mortality; AUC
values indicate the discriminative performance of each tool

0
to the small subgroup size. Other comorbidities such as Parémeters AUCROC | SE | 95%Clfor AUCROC 2
. . . . . D-dimer 0.632 0.047 0.551-0.707 0.005
chronic obstructive pulmonary disease, cardiovascular dis-
. . . SOFA 0.680 0.042 0.603-0.751 <0.001
ease, and diabetes showed elevated mortality proportions
REDS 0.690 0.043 0.613-0.760 <0.001

but without statistically significant differences between
survivors and deceased. The absence of significant associa-
tions may reflect limited statistical power or heterogeneous
effects of individual comorbidities on 28-day outcomes.
Opverall, these findings suggest that while comorbid condi-
tions are prevalent in critically ill patients, their isolated
impact on short-term mortality requires further investi-
gation in larger cohorts to clarify their prognostic value.
ROC curve analysis demonstrated moderate discrimi-
native ability across all three parameters (Figure 2). The
REDS score yielded the highest Youden index (0.293; 95%
CI: 0.148-0.403), followed by the SOFA score (0.288; 95%

Baji¢ D. et al.

CI: 0.162-0.420) and D-dimer (0.255; 95% CI: 0.132-
0.377). The optimal cut-off values identified were REDS
> 2, SOFA > 4, and D-dimer > 1425 ug/L. Notably, the
confidence interval for D-dimer’s cut-off value was wide
(1028-8253 pug/L), indicating potential variability in its
discriminatory capacity.

D-dimer (AUC = 0.632) shows modest predictive value,
slightly better than chance. SOFA (AUC = 0.680) performs
better with moderate accuracy. REDS (AUC = 0.690) is the
best among the three, though only marginally superior to
SOFA (Table 1). All models have AUCs between 0.6 and
0.7, indicating weak to moderate predictive power. Based
on the ROC analysis for this sample, although none of
the scores are strong predictors on their own, both REDS
and SOFA demonstrated statistically significant differ-
ences between survivors and non-survivors (p < 0.001),
highlighting their value as useful prognostic tools within
a comprehensive clinical assessment.

Table 1. AUC ROC curve analysis for D-dimer, sequential organ failure
assessment (SOFA) and risk-stratification of emergency department
sepsis (REDS) scores for predicting 28-day mortality

SE - standard error; Cl - confidence interval; p - probability that AUC differs
from 0.5 (no discrimination); all AUC values 0.6-0.7 indicate moderate
discrimination; p-values indicate significance of AUC versus 0.5 (no
discrimination)

In terms of diagnostic accuracy, REDS > 2 demon-
strated the highest sensitivity (80.2%) and NPV (71.3%),
while SOFA > 4 achieved the highest specificity (56.1%)
and PPV (75.5%). D-dimer > 1425 pg/L showed a sensitiv-
ity of 76.5%, specificity of 49.1%, PPV of 73.6%, and NPV
of 52.9% (Table 2). Despite the observed differences in
point estimates, the overlapping confidence intervals for

Table 2. Optimal cut-off, sensitivity, specificity, PPV and NPV for D-dimer, SOFA and REDS

Variable | Youden index | 95% Cl Youden index | Optimal cut-off value | 95% Cl for cut-off value | SENS (%) | SPEC (%) | PPV NPV
D-dimer 0.25 0.13-0.37 > 1425 > 1028 - > 8253 76.47 49.09 736 | 529
SOFA 0.28 0.16-0.42 >4 >3-<6 72.64 56.14 75.5 52.5
REDS 0.29 0.14-0.40 >2 >1-<4 80.19 49.12 61.2 713

Cl - confidence interval; SENS - sensitivity; SPEC - specificity; PPV — positive predictive value; NPV - negative predictive value; SOFA - sequential organ failure

assessment; REDS - risk-stratification of emergency department sepsis

Table 3. Individual REDS parameters: comparison between survivors and non-survivors (n = 163)

REDS Component Survivors n = 56 Non-survivors n = 107 X (df) p

Age = 65 years 24 (42.9%) 61 (57.0%) 2.95(1) | 0.086
GCS< 15 16 (28.6%) 55 (51.4%) 7.79 (1) | 0.005
SBP < 100 mmHg 13 (23.2%) 28 (26.2%) 0.17 (1) | 0.680
RR = 22/min 30 (53.6%) 70 (65.4%) 2.18(1) | 0.140
Lactate (categorical: <2/2.1-3.9/ =4 mmol/L) | 36 (64.3%) /15 (26.8%) /5 (8.9%) | 42 (39.3%) /46 (43.0%)/19(17.8%) | 9.34(2) | 0.009
Albumin < 27 g/L 19 (34.5%) 41 (38.7%) 0.27 (1) | 0.607
INR>1.3 17 (30.9%) 37 (34.9%) 0.26 (1) | 0.610
Refractory hypotension * lactate: - RHabsent = | 4 (g5.7%) 5 (8.9%) 3 (5.4%) 72(67.3%) 9 (8.4%) 26 (24.3%) | 9.12(2) | 0.010

REDS - risk-stratification of emergency department sepsis; GCS - Glasgow coma scale; SBP - systolic blood pressure; RR - respiratory rate; INR - international
normalized ratio; RH - refractory hypotension; lactate values are categorized as < 2.0, 2.1-3.9, and = 4.0 mmol/L; albumin < 27 g/L and INR = 1.3 indicate
hypoalbuminemia and coagulopathy, respectively; refractory hypotension in combination with elevated lactate (= 2.1 mmol/L) reflects the highest circulatory
risk subgroup; x° values with degrees of freedom (df) were used to assess the association between each REDS component and 28-day mortality
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Distribution of REDS Parameters by Outcome
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blood pressure < 100 mmHg and albumin < 27 g/L
showed no significant discrimination (Figure 3).
Despite variability in individual component per-
formance, the composite REDS score exhibited
superior discriminatory ability (AUROC = 0.69,
p < 0.001) by integrating all variables, supporting
its role as a comprehensive bedside risk stratifica-
tion tool. These findings suggest that while cer-
tain REDS components have stronger individual
prognostic value, the aggregate score remains the
preferred measure for clinical application and may
benefit from further optimization in future studies.

In the multivariate logistic regression model,

Figure 3. Distribution of risk-stratification of emergency department sepsis
(REDS) parameters by outcome; lactate values are expressed in mmol/L, and al-
bumin in g/L; GCS - Glasgow coma scale; SBP - systolic blood pressure; RR - re-
spiratory rate; INR — international normalized ratio; RH - refractory hypotension

the Youden index suggest that none of the three markers
was statistically superior in isolation.

In our research, three REDS parameters showed sta-
tistically significant associations with mortality outcomes
(Table 3). Patients with Glasgow coma scale < 15 had over
75% mortality, indicating a strong correlation between
severe neurological impairment and death. Similarly, ap-
proximately 80% of patients with lactate levels > 4 mmol/L
did not survive, underscoring the prognostic importance of
elevated lactate. Furthermore, more than 85% of patients
exhibiting refractory hypotension combined with lactate
> 2.1 mmol/L died, highlighting this combination as a po-
tent clinical marker of high mortality risk. Among the eight
REDS components, these variables demonstrated the most
pronounced and significant differences between survivors
and non-survivors, while other parameters such as systolic

Table 4. Logistic regression summary table — multivariate model

both the REDS and SOFA scores were identified as
independent predictors of mortality (Table 4). Each
one-point increase in the REDS and SOFA scores
was associated with a 22% increase in the odds of
death (OR = 1.22, p < 0.05 for both). Male sex was
also independently associated with increased mortality
risk (OR = 2.78, p = 0.029). Other variables, including
hypertension, diabetes, cardiovascular disease, chronic
obstructive pulmonary disease, and allergies, were not
statistically significant predictors in the adjusted model.
Logistic regression analysis and combined ROC curves
further supported the enhanced prognostic utility when
these variables were used in tandem.

To assess the predictive value of clinical variables for
mortality in critically ill COVID-19 patients with sepsis,
a logistic regression analysis was performed using the
bootstrap method with 1000 samples (Table 5). This ap-
proach allowed for a more robust estimation of the model
parameters, reducing potential bias and improving the
reliability of confidence intervals in small and potentially
non-normally distributed datasets.

Variable B (Beta) p Exp(B) (OR) Interpretation

SOFA score 0.204 0.024 1.226 Each one-point increase in SOFA raises death risk by 22.6%
D-dimer 0.000 0.050 1.000 Marginally significant; very weak or negligible effect

REDS score 0.203 0.050 1.225 Each one-point increase in REDS raises death risk by 22.5%

Sex (Male) 1.018 0.012 2.766 Males have 2.77 times higher risk of death compared to females
HTN 0.391 0.332 1.479 Not significant when adjusted for other variables

DM 0.147 0.755 1.159 Not significant

[@Y/») 0.073 0.883 1.075 Not significant

COPD 0.724 0.145 2.062 Not statistically significant

Allergies 1.042 0.162 2.834 Not statistically significant

Logistic regression analysis of predictors of mortality in critically ill COVID-19 patients; B — regression coefficient; Exp(B) — odds ratio (OR); p-values < 0.05 are
considered statistically significant; in the multivariate logistic regression model, each 1-point increase in sequential organ failure assessment (SOFA) or risk-
stratification of emergency department sepsis (REDS) scores was associated with an approximately 22% increase in the odds of 28-day mortality (OR = 1.226

for SOFA and OR = 1.225 for REDS; p < 0.05 for both); male sex was also identified as an independent predictor of mortality, with males having nearly 2.8 times
higher risk compared to females; other comorbidities [hypertension (HTN), diabetes mellitus (DM), cardiovascular disease (CVD), chronic obstructive pulmonary
disease (COPD), allergies] did not show statistically significant associations with mortality in the multivariate model

Table 5. Multivariate logistic regression with bootstrap (1000 samples)

Variable B (Coefficient) Std. Error p (Sig. 2-tailed) 95% Cl - Lower 95% Cl — Upper
SOFA score 0.188 0.077 0.005 0.044 0.355
D-dimer 0.000 0.000 0.143 0.000 0.000
REDS score 0.195 0.107 0.049 0.014 0.448
Constant -1.421 0.525 0.003 -2.527 -0.447

(Outcome: in-hospital mortality) - multivariate logistic regression with bootstrap resampling (1000 samples) identified sequential organ failure assessment
(SOFA) and risk-stratification of emergency department sepsis (REDS) scores as independent predictors of mortality in critically ill COVID-19 patients with sepsis;
the 95% confidence intervals for SOFA and REDS excluded zero, supporting their prognostic relevance
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Table 6. Observed vs. expected 28-day mortality by deciles of predicted risk

Baji¢ D. et al.

stable and trustworthy risk estimates

Decile of Predicted | Observed Total Observed Expected Expected that can aid early decision-making, op-
Probability Deaths (n) | Patients (n) | Mortality (%) | Deaths (n) | Mortality (%) timize resource allocation, and guide
1 (lowest risk) 5 16 313 105 65.6 individualized management strategies
2 5 16 313 105 65.6 in critically ill patients.
3 10 17 58.8 11.2 65.9 The CHAID decision tree analy-
4 10 16 62.5 105 656 sis was employed to identify the most
> 19 13 > 6'; 1?; 656 relevant predictors of 28-day mortal-
? 1? 6 22'8 10'5 Zi'? ity in critically ill patients. Among the
s 15 - 88.2 : 1'2 65.9 evaluated variables — SOFA score, REDS
. : - score, and D-dimer - only the REDS

9 14 16 87.5 10.5 65.6 . . .

. , score remained in the final model, high-
10 (highest risk) 13 16 81.3 10.5 65.6 lichti its i tant dicti 1
Total 107 163 656 107 65.6 1ghting 1S importan” predicuve vaiue

The table displays the observed and expected mortality within each decile of predicted death
probability; the “observed mortality (%)” column shows the actual mortality rate in each decile, while
the “expected mortality (%)" reflects the model’s predicted mortality; consistency between observed
and expected mortality across deciles indicates good calibration of the predictive model

within this cohort (Figure 4). The re-
sulting tree had a simple structure with
one major split (depth = 1), dividing pa-
tients into three terminal nodes based

Outcome28day

Node O

Category % n
B zunvived 344 56
B deceased 65,6 107

Total 100,0 163

REDSscore
Adj. P-wvalue=0,001, Chi-square=20,
413, df=2

(2,000, 4,000]

| W sunvived |
: ® deceased :

<= 2,000 * 4,000

on REDS score thresholds. Mortality
rates increased progressively across these groups,
from 42.9% in patients with REDS < 2, to 66.1% in
those with scores between 2.1-4.0, and reaching
84.5% in those with scores > 4.0. This stratification
demonstrates the REDS score’s strong discrimina-
tory ability and practical clinical utility for early risk
assessment. The simplicity of the model enhances
its applicability in real-time decision-making;
however, the absence of internal or external vali-
dation limits the ability to generalize these findings
beyond the current sample and warrants further

Node 1
Category % n

Node 2
Categony % n

Node 3
Categony %

evaluation in broader patient populations.
n

B zurvived 57,1 28
B deceased 429 21

B zunvived 339 19
M deceased 66,1 37

B zunvived 155

BN deceased 845 49

a

Total 30,1 49 Total 34,4 56 Total

356 58

DISCUSSION

Figure 4. Decision tree model stratifying 28-day mortality outcomes using

risk-stratification of emergency department sepsis (REDS) score

The use of bootstrap logistic regression represents a
novel methodological aspect of this study, ensuring more
stable estimates of the regression coefficients and confi-
dence intervals compared to traditional methods. This
technique enhances statistical robustness, particularly in
clinical datasets with skewed distributions and hetero-
geneous patient populations. Our findings confirm the
independent prognostic significance of both the SOFA
and REDS scores, while D-dimer did not reach statistical
significance in the multivariate model.

The calibration of the predictive model was evalu-
ated across deciles of predicted mortality risk using the
Hosmer-Lemeshow goodness-of-fit test, which yielded p
> 0.05 for the overall model (x> = 11.285; df = 8; p = 0.186).
This indicates that there was no statistically significant dif-
ference between the observed and expected mortality rates
across all risk deciles (Table 6). The observed and expected
mortality frequencies, as presented in Table 6, demonstrate
satisfactory model calibration and internal validity, sup-
porting its ability to stratify patients reliably across the full
spectrum of disease severity. Such adequate calibration
strengthens the model’s clinical applicability by ensuring

‘ DOI: https://doi.org/10.2298/SARH250807092B

This study provides important insights into the
prognostic performance of early clinical indica-
tors — SOFA score, REDS score, and D-dimer - in
critically ill COVID-19 patients with sepsis. Consistent
with prior research, our findings show that while none
of these markers alone achieves ideal accuracy, the REDS
score demonstrates the highest sensitivity and NPV, un-
derscoring its value as an effective initial triage tool to
identify low-risk patients. This aligns with the intended
role of rapid assessment tools for early deterioration, high-
lighting their broader clinical applicability in patients with
sepsis and the potential to improve timely interventions
and resource allocation [7, 9, 11].

Conversely, the SOFA score exhibited superior specific-
ity and PPV, reinforcing its utility in confirming patients
at higher mortality risk. These complementary character-
istics suggest that SOFA and REDS scores serve distinct
but synergistic roles in risk stratification [12-15]. The
D-dimer, despite moderate sensitivity, showed wide con-
fidence intervals around cut-off points, reflecting biologi-
cal variability and highlighting the challenges of relying on
coagulation markers alone for prognostication in this con-
text. This observation resonates with emerging literature
documenting inconsistent predictive utility of D-dimer
across heterogeneous COVID-19 cohorts [16-19].
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Importantly, the overlapping confidence intervals for
the Youden indices emphasize that these markers are best
utilized in combination rather than isolation, supporting
a multimodal prognostic strategy. Clinically, a REDS score
> 2 may serve as an early alert prompting closer moni-
toring and resource allocation, whereas a SOFA score >
4 could guide escalation of care decisions. Incorporation
of D-dimer into composite models may add incremental
value but requires further validation [20, 21].

Our multivariate logistic regression analysis substanti-
ates the independent prognostic significance of both REDS
and SOFA scores, with each point increase correlating with
a 22% rise in mortality odds, even after adjustment for
key comorbidities. This reinforces the robustness of these
scores as bedside tools reflecting organ dysfunction sever-
ity rather than mere comorbidity burden. Interestingly,
common comorbidities including hypertension and dia-
betes were not independently predictive, suggesting their
effects may be mediated through clinical deterioration
captured by these scoring systems [22]. Male sex emerged
as an additional independent risk factor, consistent with
documented sex disparities in COVID-19 outcomes [23].

The CHAID decision tree analysis further illustrates the
clinical utility of the REDS score by stratifying patients into
clear mortality risk groups based on simple thresholds. In
the era of precision medicine, such machine-learning-based
models offer scalable, interpretable tools to augment clinician
judgment and tailor management strategies [24]. Our find-
ings support integrating decision tree models with validated
scores like REDS to enhance real-time ICU triage, ultimately
improving individualized care and resource optimization.

Calibration analysis is an important step in evaluat-
ing predictive models across diverse clinical populations
[25, 26]. For example, it has been applied in neurological
patients, and in our study, the model showed good align-
ment between observed and predicted 28-day mortality
across risk deciles in critically ill COVID-19 patients with
sepsis, supporting its potential reliability for early clinical
decision-making.

During the COVID-19 pandemic, careful prioritization
of emergency and elective cases became a critical aspect of
hospital management, with clear guidelines emphasizing
that only urgent, non-deferrable cases should be treated
immediately to reduce hospital crowding and protect both
patients and healthcare staff [27]. The identification of ef-
fective laboratory biomarkers that could stratify patients at
risk of developing severe forms of the disease is imperative
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MporHocTnyKuM 3Hauaj REDS, SOFA n [I-pumepa Kog KpUTUYHO obonennx og Kosnaa

19 ca cencom

[JlejaHa bajuh!, Munuua Mnasaunh?3, Angpea Muxajnosuh?

'YHuep3utet y Hosom Cagy, MegnunHcku gakyntert, Katepa 3a 6uoxemujy, Hou Cag, Cpbuja;
2YHneepauTet y HoBom Cagy, MeguumHckm dpakyntet, Katenpa 3a neaujatpujy, Hosu Cag, Cpbuja;
*VIHCTUTYT 3a 34PaBCTBEHY 3aLUTUTY feLle 1 omnagnHe BojoguHe, Hosu Cag, Cpbuja;
*YHuBep3uteT y HoBom Capy, MeguumHckn dakynteT, Kategpa 3a ¢pusunonorujy, Hosn Cap, Cpbuja

CAMETAK

YBoa/Lum PaHo npeno3HaBare 60necHUKa ca BUCOKUM pur3u-
KOM Ofi CMPTHOT MCXOAa KOf, Cence HacTane ycnen koesuaa 19 op
CYLUTUHCKOT je 3Hauaja 3a NpaBoOBpPeMeHY NHTEPBEHLIM)Y 1 OMTH-
ManHy pacrnogeny pecypca y jeAMHULM MHTEH3NBHOT Nleyetba.
Linrb paga 610 je ga ce MpoLeHn 1 yropeam NporHoCThYKa
BpeaHOCT ckopoBa REDS (Ckop 3a cTpatvdmKaLmjy pusvka cen-
Ce Ha ofierbetby xuTHe nomohu) n SOFA (Ckop npoLieHe ceKBeH-
LmjanHor nomyLuTakba opraHa), 3ajefjHo ca H1MBoom [l-aumepa,
y NpeauKumju 28-AHeBHOT MOPTaMTeTa Kog TELWKO 06onenmx
6onecHuKa.

Mertope PeTpocnekTuBHa aHanu3a obyxBatuna je 163 ogpacrna
6onecHviKa ca notBpheHUM KoBuaom 19 1 cencom (Kputepw-
jymn Cenca-3), neyeHa y jefUHULIM NHTEH3UBHOT Nleyerba Tep-
LmjapHor LieHTpa y neprogy of HoBembpa 2020. o maja 2022.
REDS, SOFA n BpepgHoCTU [I-AriMepa NpoLieeHe Cy y POKy Of
24 caTta op npujema. [MporHocTnyKa BpefHOCT aHanm3npaHa
je momohy ROC aHanm3e, NOrnCTUYKe perpecyije ayToMmaTckum

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):542-549

JeTeKTopoM nHTepakumja (Xu-kBagpart) (CHAID) mopenoBatba
cTabna ognyke.

PesyntaTtmn YkynHa 28-gHeBHa CMPTHOCT U3Hocuna je 65,6%.
REDS (AUC = 0,690) n SOFA (AUC = 0,680) noka3zanu cy ymepeHy
NpeAnKTUBHY COCOBHOCT, K je [l-AnMep 1Mao HUXY TaYHOCT
(AUC=0,632). REDS > 2 umao je HajBehy ceH3uTnBHoCT (80,2%),
Aok je SOFA > 4 nokasao Hajsehy cneumnuuroct (56,1%). REDS n
SOFA npeHTUdMKOBaHM Cy KaO He3aBWCHW MPEANKTOPY CMPTHO-
ctn. CHAID aHann3a n3geojuna je REDS Kao Hajjaun guckpmmu-
HaTop, Koju je cTpaTMdUNKOBaO BONECHNIKe Y TPU Fpyne pr3nka
ca cTonama cMpTHoCTU of 42,9%, 66,1% n 84,5%.

3akrby4ak Ckoposu REDS n SOFA nmajy 3HauajHy MpOrHOCTUYKY
BPEAHOCT KA bonecHrKa ca KoBngoM 19 NoBe3aHUM CEMCOM.
REDS je noka3ao 6nary npefHOCT U MOXe MOCYXXUTW Kao jef-
HOCTaBaH 1 eduKacaH anat 3a paHy CTpaThuKaLmjy pusnka y
KNMHWYKO]j Npakcy 1 6yayhm BUPYCHVMM NaHaeMujama.
Kmbyune peun: koBug 19; cenca; ckop REDS; ckop SOFA; npo-
rHO3a; MopTanuTeT
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Comparison of baricitinib and tocilizumab in clinical
outcome among hospitalized patients with severe
form of COVID-19 - our experiences
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SUMMARY

Introduction/Objective Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
manifests with an unpredictable clinical course that could rapidly progress, leading to serious and often
fatal complications. The identification of effective laboratory biomarkers that could stratify patients at risk
of developing severe forms of the disease is imperative to ensure they receive prompt medical treatment.
The aim of our study was to compare baricitinib and tocilizumab regarding clinical outcomes in
hospitalized patients with severe COVID-19.

Methods A retrospective study included analysis of data from 82 patients of both sexes who were treated
with biological immunosuppressive therapy at the Military COVID Hospital, Karaburma. All patients who
met the criteria for use according to the guidelines of the national protocol for the treatment of COVID-19,
version XlI, had a consultative decision made for the application of biological immunosuppressive therapy.
Half were treated with tocilizumab, and the other half with baricitinib.

Results The results of our study show that the mortality rate is lower in the group treated with tocilizumab
compared with the group treated with baricitinib: 17.1% vs. 26.8%, but without statistical significance
(p = 0.286). Additionally, the use of tocilizumab reduces the need for mechanical ventilation compared
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with baricitinib: 53.6% vs. 68.3%, without statistical significance (p = 0.454).
Conclusion The results obtained in our study indicate that both drugs are equally clinically effective.
Keywords: COVID-19; clinical outcome; cytokine storm; baricitinib; tocilizumab

INTRODUCTION

The pandemic caused by coronavirus (COV-
ID-19) was the greatest scientific, medical, and
social challenge since the Spanish flu pandemic
of 1918. Severe acute respiratory syndrome
caused by coronavirus 2 (SARS-CoV-2) mani-
fests with an unpredictable clinical course that
could rapidly progress, leading to serious and
often fatal complications. The identification of
effective laboratory biomarkers that could strat-
ify patients at risk of developing severe forms of
the disease is imperative to ensure they receive
prompt medical treatment. One such biomark-
er is interleukin (IL)-6. It belongs to a group of
molecules known as cytokines. These are part
of the “inflammatory cascade;” which involves
coordinated, sequential activation of immune
response pathways and are responsible for the
onset of a “cytokine storm” — a hyperinflam-
matory response to infection that significantly
impacts mortality in COVID-19 patients [1].
Ponti et al. [2] emphasized in a 2020 study
the role of systemic vasculitis and cytokine-
mediated coagulation disorders as key con-
tributors to multiple organ failure in patients
with severe forms of COVID-19. The following
biomarkers have been identified as correlating

with an increased risk of developing dissemi-
nated intravascular coagulation and acute re-
spiratory distress syndrome. Hematological
markers: lymphocyte count, neutrophil count,
and their ratio — the neutrophil-to-lymphocyte
ratio (NLR); inflammatory markers: C-reactive
protein (CRP), erythrocyte sedimentation rate
(ESR), procalcitonin; immunological marker:
IL-6, and biochemical markers: D-dimer, tro-
ponin, creatine kinase, and aspartate amino-
transferase (AST). Elevated concentrations of
IL-6 have been shown to be a significant fac-
tor in damaging the host immune response in
COVID-19 by stimulating a strong pro-inflam-
matory response, leading to a cytokine storm
— a hyperinflammatory response to infection
that has a significant impact on mortality in
COVID-19 patients. Therefore, immunomodu-
latory therapies targeting IL-6 receptor antago-
nism have been explored as a countermeasure
to host immune dysregulation and to support
the beneficial effects of corticosteroids.
Tocilizumab is a recombinant humanized
monoclonal antibody. It acts as an IL-6 recep-
tor antagonist. Various observational studies
have reported the beneficial effects of tocili-
zumab. Furthermore, subsequent randomized
controlled trials have shown significant positive
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Table 1. General characteristics of patients treated with biological immunosuppressive

therapy
Treatment outcome Test
Ger)eral characteristics of (Al Survivors Fatal
patients outcome p
N =82 N =64 N=18
Sex 0.5772
Male 59| (72%) | 47 |(73.4%)| 12| (66.7%)
Female 23| (28%) | 17 |(26.6%)| 6 | (33.3%)
Age (years) Median (min-max) 60 | (24-81) | 59 | (24-81) |64 | (31-78) | 0.034°
Medication 0.2842
Baricitinib 41| (50%) 30 | (46.9%) | 11 | (26.83%)
Tocilizumab 41| (50%) 34 | (53.1%) | 7 | (17.07%)
Vaccination 0.309°
Yes 21| (25.6%) | 18 | (85.7%)| 3 | (14.3%)
No 61 | (74.4%) | 46 |(74.4%) | 15| (24.6%)
0.3882
Sinopharm 18 |(85.7%) | 16 |(88.9%) | 2 | (66.7%)
Pfizer 2 | (9.5%) 1 (56%) | 1| (33.3%)
Sputnik 1| (4.8%) 1 (5.6%) | O (0%)
0.1822
ICU stay, days median (min—-max) ‘ 10‘ (3-44) ‘ 9 ‘ (3-44) ‘ 1 ‘ (4-24) | 0.642°
Mechanical ventilation
Invasive mechanical ventilation 18| (37.5%)| O (0%) | 18| (100%) | <0.001°
Full-face mask 30| (62.5%) | 30 | (100%) | O (0%)
aLikelihood ratio test;
"Mann-Whitney test
a) b)
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Figure 1. Survival curves;

a) treatment (from the onset of illness to outcome) of patients treated with baricitinib and
tocilizumab [log rank (Mantel-Cox) = 0.240, df = 1, p = 0.624]; b) treatment (from the start of
biological therapy to outcome) of patients treated with baricitinib and tocilizumab [log rank
(Mantel-Cox) = 0.433, df = 1, p = 0.510]; c) treatment (from the onset of iliness to outcome)
in vaccinated and unvaccinated patients [log rank (Mantel-Cox] = 0.952, df = 1, p = 0.329); d)
treatment (from the start of biological therapy to outcome) in vaccinated and unvaccinated

patients [log rank (Mantel-Cox] = 0.889,df=1,p=0.3
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results regarding the efficacy and safety
of tocilizumab, focusing on outcomes
such as mortality, risk of admission to
intensive care units, and the need for
mechanical ventilation. A meta-analy-
sis conducted by Wei et al. [3] indicates
that the introduction of tocilizumab in
the treatment of patients with severe
COVID-19 is associated with a lower
risk of fatal outcomes and the need for
mechanical ventilation.

In January 2022, the World Health
Organization (WHO) [4] recommended
two new drugs for COVID-19, provid-
ing new options for treating more se-
vere forms of the disease. One of them
was baricitinib, part of a class of drugs
known as Janus kinase inhibitors (JAK1
and 2), which suppress excessive im-
mune system stimulation (an oral medi-
cation used to treat rheumatoid arthritis
by blocking IL-6 signaling), and it was
strongly recommended for patients with
severe or critical forms of COVID-19.
WHO recommends that it be adminis-
tered together with corticosteroids.

The main problem with biological
therapy is the cost and availability of
the drugs. WHO is in negotiations with
manufacturers to ensure global supply
capacity and equitable and sustainable
access to newly recommended thera-
peutic agents. The Access to COVID-19
Tools Accelerator therapeutic pillar is
engaged with pharmaceutical compa-
nies to seek comprehensive access plans
for low- and middle-income countries
so that these treatments can be quickly
implemented everywhere, not just in
wealthy nations.

METHODS

This research was conducted at the
Karaburma Military COVID Hospital
in the period September 1 — December
31, 2021, and it had a retrospective
character. The aim of our study was to
compare the efficacy of baricitinib and
tocilizumab on mortality among hos-
pitalized patients with a severe form of
COVID-19. We also investigated wheth-
er sex, cardiovascular comorbidities,
diabetes, elevation of lactate dehydro-
genase (LDH), D-dimer, transaminases,
NLR index, vaccination, and age affect
mortality.
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Table 2. Clinical characteristics of patients treated with biological immunosuppressive therapy

Radojicic B. et al.

Treatment outcome Test

Clinical characteristics [ALL] Survivors Fatal outcome p

N =82 N =64 N=18
Time from onset of iliness to hospitalization (days) 7(1-15) 7(1-15) 7(1-15) 0.282°
Time from onset of iliness to start of treatment (days) 11 (5-26) 11 (5-26) 13 (9-26) 0.034°
Duration of treatment 22 (8-60) 23.5 (10-60) 15.5 (8-31) <0.001°
Time from start to end of treatment (days) 34(19-77) 35.5(19-77) 30(19-44) 0.009
IL-6 (values at the beginning of th) 98.4 (41.1-366) 99.7 (41.1-333) 95.4 (42.1-366) 0.960°
CRP 125.5 (29-243) 122 (29-243) 129.5 (44-194) 0.758°
D-dimer 2 (0.41-34.55) 1.9 (0.41-34.55) 13.2(1.28-34.47) <0.001°
ESR 60 (26-109) 64 (26-109) 56 (30-102) 0.023°
AST 57 (5-663) 53 (5-334) 70 (19-663) 0.330°
ALT 84 (21-817) 89 (21-451) 76.5 (24-817) 0.519°
LDH 466 (193-2743) 435.5(193-1042) 598.5 (354-2743) 0.001°
ALB 35 (21-46) 35.5 (31-46) 33,5 (21-44) 0.210°
WBC 9.3 (2.27-45.9) 9 (2.27-45.9) 11.5 (4.3-23.3) 0.010°
Lymphocytes 0.6 (0.2-40.9) 0.6 (0.2-0.9) 0.45 (0.2-1.2) 0.133°
Lymphocytes 0.048°
<05 25 (30.5%) 16 (25.0%) 9 (50%)
others 57 (69.5%) 48 (75.0%) 9 (50%)
Clostridia 0.229°
Yes 17 (20.7%) 15 (88.3%) 2 (11.7%)
No 65 (79.3%) 49 (75.4%) 16 (24.6%)
Cardiovascular disease 0.3732
Yes 52 (63.4%) 39 (75.0%) 13 (25%)
No 30 (36.6%) 25 (83.3%) 5(16.7%)
Diabetes mellitus 0.332¢
Yes 16 (19.5%) 11 (68.25%) 5(31.25%)
No 66 (80.5%) 53 (82.8%) 13 (19.7%)

CRP - C-reactive protein; ESR - erythrocyte sedimentation rate; AST — aspartate aminotransferase; ALT — alanine aminotransferase;

LDH - lactate dehydrogenase; ALB — albumin; WBC - white blood cell (count);
?Likelihood ratio test;

®Mann-Whitney test;

Note: numerical variables shown as median (min-max)

In our study we indicated the application of biologi-
cal therapy based on the version XIII of the COVID-19
Treatment Protocol [5]. Tocilizumab was administered
at a dose of 8 mg/kg i.v. per dose. Two doses were given
(with a maximum of 800 mg per dose). The administration
of baricitinib depended on the eGFR value. The duration
of therapy was limited to a maximum of 14 days or until
clinical improvement occurred, if it happened within two
weeks. For eGFR > 60 mL/min/1.73 m?, baricitinib was
administered at 4 mg once daily; for eGFR 30 to < 60 mL/
min/1.73 m?, 2 mg daily; for eGFR 15 to < 30 mL/min/1.73
m?, 1 mg daily. Baricitinib was not recommended for eGFR
<15 mL/min/1.73 m? and no such patients were included
in the study.

IBM SPSS Statistics, Version 24.0 (IBM Corp., Armonk,
NY, USA) was used for statistical data processing.
Numerical features are presented through means (median,
arithmetic mean) and measures of variability (standard
deviation, range of values). Attribute features are shown
using frequencies and percentages. The likelihood ratio test
and Mann-Whitney test were used to test the relationship
between two categorical variables. The value of significance
level p < 0.05 was considered statistically significant.

‘ DOI: https://doi.org/10.2298/SARH250108083R

Ethics: The study was approved by the Ethics Committee
of the Military Medical Academy, Belgrade (approval no.
48/2025) and complied with the revised ethical guidelines
of the Declaration of Helsinki.

RESULTS

The study included 82 patients treated with biological im-
munosuppressive therapy, of which half, or 41 patients,
were treated with tocilizumab (Actemra), and the other
half with baricitinib (Olumiant, Eli Lilly and Company,
Indianapolis, IN, USA). The age range of the patients was
24-81 years, with a median of Me = 60 years. The propor-
tion of male patients was significantly higher, at 72%. A
quarter of the patients were vaccinated (25.6%), with a
fatal outcome recorded in 14.3% of vaccinated and 24.6%
of unvaccinated patients.

In the intensive care unit, patients spent an average of
Me = 10 days, with 37.5% being intubated. The fatal out-
come occurred in older patients (Me = 64) compared to sur-
vivors, who were on average younger (Me = 59), but without
statistical significance (p = 0.034). Mechanical ventilation

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):550-555



Comparison of baricitinib and tocilizumab in clinical outcome among hospitalized patients with severe form of COVID-19 - our experiences

Table 3. Mortality rate and mechanical ventilation between two patient groups

The results of our study show that the

Drug Test mortality rate was lower in the group
Parameter [All] Baricitinib | Tocilizumab| p treated with tocilizumab compared to the
N =82 N =41 N =41 group treated with baricitinib - 17.1% vs.
Treatment outcome 0.286° 26.8%, but without statistical significance
Survivors 64 (78%) | 30 (73.2%) | 34 (82.9%) (p = 0.286). Additionally, the use of tocili-
Fatal outcome 18 (22%) | 11(26.8%) | 7 (17.1%) zumab reduced the need for mechanical
Mechanical ventilation ventilation compared to baricitinib - 53.6%
Invasive mechanical ventilation | 18 (37.5%) | 11 (42.3%) | 7 (31.8%) | 0.454° vs. 68.3%, without a statistically significant
Full-face mask 30 (62.5%) | 15 (57.7%) | 15 (68.2%) difference (p = 0.454).
sLikelihood ratio test Survival time (measured from the start
of receiving biological therapy) for patients
on baricitinib is M = 40.5, and for those
100% on tocilizumab M = 49.3 days, but without
90% 82,9% a statistically significant difference. Total
80% 73,2% survival time measured from the start of
70% biological therapy of all patients is M = 47.9
60% days. Survival time measured from the on-
50% Survivors set of the disease for vaccinated patients is
40% ' ' M = 54.5, and for non-vaccinated patients
30% 26,8% ® Buitus letalis M = 60.7 days, but without a statistically sig-
20% | 17,1% nificant difference. Survival time (measured
10% J from the start of receiving biological therapy)
e for vaccinated patients is M = 45.2, and for
' unvaccinated M = 46.2 days, also without
Baricitinib Tocilizumab statistically significant difference. The log

Figure 2. Mortality rate

was applied in 68.3% of patients who received baricitinib
and in 53.6% of patients who received tocilizumab.

Patient hospitalization occurred on average on the sev-
enth day, while treatment began on the 11th day. Treatment
started earlier in surviving patients (Me = 11) compared to
those with a fatal outcome (M = 13), p = 0.034. Survivors
were treated on average for M = 23.5 days, while those
who died were treated for an average of Me = 15.5 days,
p < 0.001. The total time from the onset of illness to the
final outcome (discharge or death) was Me = 35.5 days for
the survivor group, and Me = 30 days for the group with a
fatal outcome, p = 0.009.

The levels of IL-6, ESR, and CRP were similar in the
compared groups. D-dimer levels were significantly higher
in those who died (Me = 13.16) compared to those who
survived (Me = 1.9), p < 0.001.

The values of liver enzymes - alanine aminotransferase
- were similar between the groups, while AST was higher
in the group with fatal outcomes (Me = 70 vs. Me = 53),
although without statistical significance. LDH levels
were significantly higher in patients with a fatal outcome
(Me = 598.5), p = 0.001.

A reduced lymphocyte count, or lymphopenia, was
present in all 82 patients. The NLR index in all deceased
patients was > 10. Of the total number of deceased patients,
64.3% had lymphocyte values below 0.5 x 10°, and 93%
had values below 0.7 x 10°.

Clostridia infection was present in 20.7% of patients
receiving biological therapy, and the study results did not
indicate that it had an impact on mortality.
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rank test shows that there are no statistically

significant differences in treatment dura-

tion between vaccinated and unvaccinated
patients, as well as between patients on tocilizumab and
baricitinib. Furthermore, survival among vaccinated pa-
tients was somewhat higher compared to unvaccinated
patients — 85.7% vs. 74.4%, but without statistical signifi-
cance (p = 0.388).

DISCUSSION

In our study, the criteria for biological therapy were as fol-
lows: stages III and IV of the disease, with progression of
lung findings and/or an increase in inflammatory markers,
IL-6 levels > 40 ng/l, and CRP > 50 mg/l, after the admin-
istration of adequate corticosteroid therapy without effect,
respiratory rate > 25 breaths/minute, SpO, (pulse oxim-
etry) < 90%, and pO, < 8.66 kPa on ambient air (without
oxygen support). Similar recommendations are given in
the Spanish treatment protocol for COVID-19 [6] when
biological therapy is included in the event of respiratory
insufficiency and an increase in IL-6 levels > 15 ng/l.

In a retrospective cohort study conducted by Conroy et
al. [7], it is concluded that there was no difference in mor-
tality or adverse effects between tocilizumab and barici-
tinib. The results of our study show that the mortality rate
was somewhat lower in the group treated with tocilizumab
compared to the group treated with baricitinib - 17.1% vs.
26.8%, but without statistical significance (p = 0.286). The
same conclusion was reached in the study by Cawcutt and
Kalil [8]. In a retrospective cohort study of the National
Covid Collaborative [9], which includes more than 10,000
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patients treated in the USA, baricitinib was associated with
lower hospital mortality and shorter hospital length of stay
compared with tocilizumab. Marconi et al. [10] evaluated
the use of baricitinib in the COV-BARRIER study in a
randomized, placebo-controlled, double-blind trial. The
study’s randomization was carried out strictly through
an interactive response system and stratified according
to disease severity, age, region, and steroid use. The trial
was conducted in 101 centers across 12 countries and in-
cluded 1525 patients. Compared to the placebo, patients
receiving baricitinib had a relative reduction of 38.2% and
an absolute reduction of 5% in 28-day all-cause mortal-
ity. No other COVID-19 therapy has demonstrated such
a significant reduction in mortality. For comparison, the
other two immunomodulatory treatments associated with
reduced mortality were dexamethasone — which showed
a 17% relative reduction and a 2.8% absolute reduction in
mortality — and tocilizumab - which showed a 15% rela-
tive reduction and a 4% absolute reduction in mortality.
Further studies will provide clearer guidelines for optimal
treatment for COVID-19 patients.

The conclusion of the study by Choi [11] is that mortal-
ity is up to two times higher in men compared to women,
which is consistent with the results of our study - 66.7%
vs. 33.3%. Additionally, mortality is up to five times higher
in individuals with comorbidities compared to healthy in-
dividuals. In our study, cardiovascular comorbidities were
recorded in 63.4% of patients receiving biological therapy,
with a mortality rate of 25%, whereas in the population
without cardiovascular disease, mortality was 16.7%.
Diabetes was present in 19.5% of patients, with a mortal-
ity rate of 31.2% among diabetics, which is significantly
higher than the 19.7% mortality rate in non-diabetic pa-
tients. Twelve patients had combined comorbidities, six
in each group. Ten patients with diagnosed hypertension
and diabetes (86% of them) required non-invasive venti-
lation or full-face mask, leading us to conclude that dual
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Nopehere KAMHUYKOT ncxoaa bapnunuTuHuba 1 Tounnusymaba Koa
XOCNUTaNN30BaHUX 6onecHUKa ca Telwkom popmom Kosuaa 19 — Hala UCKYCTBa

bojaH Pagojuunh'2, Mupko lonuh', hophe Taywan'?, Mapuja Pagojuuni*’, Mupocnas Muwosuh?, [lejaH Koctuh?

'BojHa koBupg 6onHuua,Kapabypma’, beorpag, Cpbuja;

“BicoKa 30paBCTBEHO-CaHUTapHa LLKOMa CTPYKOBHUX CTyAuja, BucaH’, beorpag, Cpbuja;

3BojHomMeaMLMHCKa akaaemuja, beorpag, Cpbuja;
*Nlom 3gpaema,Jp Cumo Munowesnh’, beorpag, Cpbuja;
Koswng ambynanta,[p Cmo Munowesuh’, beorpag, Cpbuja

CAXETAK

YBoa/LUnm Tellkn akyTHU pecnmpaTopHM CUHAPOM 13a3BaH
KopoHaBupycom (SARS-CoV-2) maHndecToBao ce HenpeaBMan-
BVIM K/IMHWYKIM TOKOM 6oniecTy, Koju ce Morao 6p30 pasBujaty,
n3a3mBajyhn 036m1/bHe 1 YeCTo CMPTOHOCHe KOMMMKaLmje.
VpeHTndmkaumja edbukacHmx nabopatopmjckrx bromapkepa
Koju 61 Mornn fa cTpatnduKyjy bonecHrnKke npema pusnky og
rnojaBe TeLWKKX 06/1Ka 601ecT UMMNepaTuB je Kako b1 um ce
06e36ea10 6p3 MEANLIMHCKM TPETMaH.

Linb Hawe cTyamje je ynopehuatrbe edprikacHOCTY 6aprLmTy-
H16a 1 ToLMNM3yMaba y KIMHUYKOM UCXOAY KOA XOCNNTanmn30-
BaHVIX 6onecHyKa ca Telkom Gopmom Koeuaa 19.

MeTope PeTpocneKTuBHOM CTyaujom obyxsaheHa je aHanusa
nopataka 82 6onecHuKa oba nona Koju cy neyeHn 6110NoLKOM
MMYHOCYNPEeCMBHOM Tepanujom y BojHoj koeug 6onHuum, Kapa-
6ypMma“. 3a cBe 6oNECHVIKe Koju Cy UCNyHaBaNu Kputepujyme 3a
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tbeHy MpYMeHy Npema cMepHuLama HalyoHanHor npoTokona
3a nevemne Kosnga 19 (sep3uja Xlll) foHeTa je KOH3MNMjapHa
ofJlyKa 0 MpVMeHN 61osoLKe MMYyHOCYMpPecMBHe Tepanuje.
MonosrHa 6onecHMKa NeyeHa je Toumnrsymabom, a Apyra no-
NOBUHa 6apyLUTUHUOOM.

Pesynrtatm Pe3yntaty Hale cTyauje nokasyjy fa je cTona mop-
TanuTeTa HUXa KOof rpyne 60NeCHMKa IeYeHNX TOLMIn3yma-
60M y ofiHOCy Ha rpyny neuyeHy 6apuuutnHméom — 17,1% vs.
26,8%, anu 6e3 ctaTucTyKe 3HavajHocTH (p = 0,286). Takohe,
nprMeHa Tounnrnlymaba cMaruna je NoTpedy 3a MexaHUYKkom
BEHTUMALMjOM Y OfHOCY Ha 6apuuuTHmMG — 53,6% vs. 68,3%,
6e3 cTaTMCTMUKe 3HauajHoCTH (p = 0,454).

3aksbyuak Pe3yntaTti Hawe cTyamje yKkasyjy Aa cy oba neka
noAjeAHaKo KINMHNYKK eprKacHa.

KmbyuHe peun: KoBug 19; KNMHWUYKM NCXOL,; LIUTOKUHCKa Onyja;
6apVLMTHWG; TOUMNK3YMab
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Impact of orthognathic surgery on occlusal contacts
and bite force distribution in patients with skeletal
class 1l malocclusion by T-Scan™ - prospective
clinical pilot study
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Nenad Nedeljkovi¢'

'University of Belgrade, School of Dental Medicine, Department of Orthodontics and Dentofacial
Orthopedics, Belgrade, Serbia;

2University of Belgrade, School of Dental Medicine, Department of Medical Statistics and Infor-matics,
Belgrade, Serbia

SUMMARY

Introduction/Objective Primary aim of malocclusion treatment is to achieve optimal occlusion. The
purpose of this pilot prospective clinical study was to investigate digital occlusal features pre and post
orthognathic surgery among individuals with skeletal class Ill malocclusion.

Methods Nine patients confirmed to have skeletal class Ill malocclusion participated in this study, includ-
ing four females and five males. Single bite scan was performed seven days before and 6-8 weeks after
surgery using T-Scan Novus (Tekscan Inc., Norwood, MA, USA). Occlusal time, total average occlusal force
of upper and lower arch and projection of center of force (COF) were assessed and compared before
and after surgery.

Results Compared to the pre-surgical period; occlusal time was significantly reduced (p = 0.011). While the
total force in the anterior segment increased (p = 0.008), a decrease was noted in the posterior segment
(p =0.008). The COF demonstrated a markedly improved position in the post-surgical period, indicating
a more stable occlusion (p = 0.026).

Conclusion In subjects with skeletal class Il malocclusion, surgical treatment significantly improves
occlusal quality, including occlusion and disclusion times, the distribution of total force in the antero-
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posterior direction, and the COFs, compared to the pre-surgical condition.
Keywords: T-Scan; skeletal class Ill; orthognathic surgery; digital occlusal analyzer

INTRODUCTION

The primary aim of malocclusion treatment
is to achieve optimal occlusion, regardless of the
presence of skeletal discrepancies. The develop-
ment of dental occlusion is under the influence
of functional and genetic factors, while in cer-
tain cases, malocclusion arises due to adapta-
tions of masticatory muscles and temporoman-
dibular joint during dental arch formation [1].
Premature occlusal contacts on teeth can induce
dental stress, which in turn may contribute to
pathological alterations in the supporting peri-
odontal structures, temporomandibular joint
complex, and the masticatory musculature [2].
Orthodontic therapy corrects malocclusion
through precise alignment of the dentition
and the establishment of an optimal interarch
relationship, thereby achieving normal occlu-
sion as characterized by the criteria of Ricketts,
Roth, Andrews, and Angle [1, 3]. Orthognathic
surgery is indicated in cases involving skeletal
deformities. The primary goal of orthodontic
treatment is to achieve optimal oral health by
establishing proper aesthetics, function, and
stability. A stable centric occlusion and maxi-
mal intercuspation serve as key indicators of a

well-established and functional occlusion [1].
Following post-surgical orthodontic treatment
and orthognathic surgery in patients with dis-
crepancies in skeletal structure, it is crucial to
establish reliable occlusal contacts that promote
a balanced and uniform transmission of mas-
ticatory forces throughout the mandible [4, 5].

Occlusal relations may be evaluated through
a range of occlusion analysis instruments,
with articulating paper serving as the primary
method for precisely identifying contact points
between the upper and lower dental arches.
However, while the articulating paper effective-
ly records contact points, it cannot accurately
assess the force applied at these points or quan-
tify the strength of the occlusal loads generated
[4, 5]. The T-Scan™ (Tekscan Inc., Norwood,
MA, USA) computerized occlusal analysis sys-
tem provides real-time occlusal contact force
distribution and monitors dynamic changes
from the initial tooth contact to the maximum
intercuspal position during occlusion. This al-
lows dental specialists to assess the location,
force, and timing of occlusal contact using an
ultrathin sensor foil, measuring around 0.1
mm (100 um) in thickness. The center of force
(COF) trajectory and the force-time graph are
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Figure 2. Three-dimensional occlusal load interpretation with
imported stereolithography file

Three variables were assessed:

Figure 1. A - two-dimensional occlusal load interpretation; B - tree-dimen-

sional occlusal load interpretation

presented in two- and three-dimensional (2D, 3D) graphs.
Digital data from the T-Scan™ (Tekscan Inc.) system allow
accurate, focused modifications to achieve optimal occlusal
balance. The dentition can also be divided into anterior
and posterior regions, creating four analytical study units.
There is also a possibility to upload stereolithography files
from intraoral scans (Figures 1 and 2) [6, 7].

The aim of this pilot prospective clinical study was to
assess changes in occlusal timing, total average occlusal
force of the upper and lower arches, and the projection of
COF in patients with skeletal class III malocclusion, pre-
and post-orthognathic surgery.

METHODS

This prospective clinical pilot study was performed at
School of Dental Medicine, University of Belgrade, Serbia.
The clinical study involved nine consecutive participants
treated at our clinic, all of whom fulfilled the predefined
inclusion criteria. The sample included four females and
five males, confirmed to have skeletal class IIT malocclusion
who were treated with fixed orthodontic appliances, 0.018
inch slot, Roth prescription, with second molars included in
both maxilla and mandible as preparation for orthognathic
surgery. All patients underwent bimaxillary surgery. All
participants provided written informed consent.

Digital occlusal parameters were recorded seven days
before surgery and 6-8 weeks after (at the first orthodontic
appointment) orthognathic surgery.

Inclusion criteria: skeletal class III malocclusion
(ANB < 1°, Wits < 0 mm, patient may present discrepan-
cies in either the vertical or transverse dimension); orthog-
nathic surgical treatment; age (19-35 years).

Exclusion criteria: systemic diseases; temporomandibu-
lar disorders; bruxism; cleft lip and/or palate; craniofacial
syndromes.
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1. Occlusal time changes (time taken to go from
initial contact to maximum intercuspation).

2. Total average occlusal force of the upper and
lower arch withstanding at maximum inter-
cuspation position.

3. Projection of COF before and after surgery illustrat-

ing the balance of occlusion.

Patients were seated in dentist’s chair with a right angle
(90°) between their upper and lower body. Data were re-
corded using the T-Scan™ (Tekscan Inc.) system. Prior to
recording, the upper central incisor dimensions and tooth
distributions were inserted into the T-Scan dental chart
to personalize the graphical dental arches for more accu-
rate occlusal arch mapping during measurements. Sensor
calibration was performed to adjust its sensitivity level to
the occlusal forces of each individual. Occlusal data were
acquired using the T-Scan™ (Tekscan Inc.) system by re-
cording contact points with a sensor foil. Data were carried
out through a module known as the “handpiece”, which
was connected to a computer running processing software
for visualizing the observed parameters (Figure 2 and 3).

Graphical interface is supported by the T-Scan software
v 10 (Tekscan Inc.) [8, 9]. The sensor of the T-Scan™ sys-
tem was placed in the mouth of the subject in the upright
position, with its position guide located between the cen-
tral incisors. Recording began by activating button on the
handlebar. As parallel as possible to the occlusal plane,
the sensor’s handle was positioned. Each participant was
instructed to occlude once onto the sensor foil applying
maximal bite pressure for 1-2 seconds. Defined as the in-
terval from first contact to maximum intercuspation, oc-
clusal time was determined using the time tables provided
by T-Scan software (version 10.0, Tekscan Inc.). A value of
<0.2 seconds was regarded as ideal for occlusion time, and
< 0.4 seconds for disclusion time [10, 11, 12].

The T-Scan™ (Tekscan Inc.) system calculates relative
force percentages for each tooth based on the total occlu-
sal force at a given moment. These values are presented
alongside timing data in seconds and are visualized through
the force outliers tab in the timing table [11]. In the maxi-
mum intercuspation position, occlusal time, COF position,
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Figure 3. T-Scan Novus (Tekscan Inc., Norwood, MA, USA) handpiece with sen-
sor film

and force distribution percentages in the right-left (RL)
and antero-posterior (AP) areas were evaluated. Values of
the three readings were assessed for each patient. Force
distribution percentages in the RL and AP regions were
calculated by splitting the dental arch into four sections: an-
terior right, anterior left, posterior right, and posterior left.
Percentages of anterior force were obtained from the central
incisors to the canines, including the lateral incisors [13].

In the 2D graph, the COF is depicted using red and
white diamonds (Figure 4), illustrating the balance of oc-
clusion. It is used to establish proper stability of occlusion
[11]. The COF locations were classified into three patterns:
ideal, where the COF appears as a white point within the
center of the ellipse; good, when it is located within the
silver area of the outside ellipse; if it falls outside both des-
ignated zones, it is classified as outside of area. To assess
closure stability, the trajectory of COF from initial tooth
contact to maximum intercuspation was classified into four
separate patterns: First - trajectory was considered normal
when it proceeded in a direct line from the front to the back
of the arch, roughly following the midline. Second — when
the trajectory localized within a defined region instead of
following a straight-line course, it was considered a contact
point. Third - slipping in left-right, described as the trajec-
tory, was delineated horizontally across the midline. Fourth
- slipping in RL, described as the trajectory, was delineated
horizontally relative to the midline [1] (Figure 5).

Using IBM SPSS Statistics for Windows, Version 28.0
(IBM Corp., Armonk, NY, USA), the data were processed.
To summarize the data, descriptive statistics was applied,
including calculations of the mean, standard deviation
(SD), minimum, and maximum values for each variable. In
order to assess the evidence of statistically significant dif-
ferences between paired (related) variables, the Wilcoxon
signed-rank test was applied. Due to the non-normal dis-
tribution of the data, that test was chosen, as determined
by preliminary assessments. The results were presented
with corresponding p-values, statistical significance was
regard at a p-value of less than 0.05. Statistical tests for all
analyses were two-tailed.

Ethics: This study was performed at School of Dental
Medicine, University of Belgrade, Belgrade, Serbia.

Ethical approval was obtained from the institutional ethics
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Figure 4. Presentation of center of force by the red and white dia-
monds in the two-dimensional graph

committee (approval No. 36/34), and was carried out in
line with the ethical standards described in the Declaration
of Helsinki for studies involving human subjects.

RESULTS

The results present the mean (X), SD, median, and mini-
mum-maximum values for occlusal time and total average
occlusal force. These results showed that patients with skel-
etal class III have a statistically significant improvement in
occlusal time (p = 0.011) following orthognathic surgery,
whereas disclusion time increased (0.28 + 0.41 seconds)
compared to the pre-surgical condition (0.27 + 0.27 sec-
onds) (Table 1).

The results for total average occlusal force show that
there was a statistically significant difference in force dis-
tribution in both the anterior and posterior segments of
the dental arch. The anterior segment shows an increase
in total force after the surgical treatment, as seen in Table
1 (before 0.20 + 0.11%, after 0.55 + 0.18%), while the pos-
terior segment shows a decrease in total force compared
to the pre-surgical condition (before 0.80 + 0.11%, after
0.45 + 0.18%).

In contrast to the anterior and posterior segments, the
left and right sides of the dental arch did not show statisti-
cally significant variation in force distribution in relation
to the pre-surgical condition. However, it can be noted that
the left side of the dental arch showed a decrease in total
bite force after the intervention (before 0.55 + 0.09%, after
0.48 + 0.09%), while an increase in bite force was assessed
on the right side (before 0.45 + 0.09%, after 0.52 + 0.10%).

COF is explained as a diamond-shaped icon. During
data recording before surgery, patients exhibited vari-
ous positional variations of the diamond-shaped icon, as
shown in Table 1. All four possible trajectories, previously
explained and illustrated in Figure 5, were present. After
surgery, the COF tended to be more centralized, and all
examined patients indicated a statistically significant dif-
ference (p = 0.026) in the position of COE Its post-surgical
position was within normal limits (Table 2).
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Table 1. Descriptive statistics for occlusal time (seconds) and total average occlusal

force (%)

Before surgery | After surgery
Observed parameters X£SD X+SD Significance
Med; min-max | Med; min-max
Occlusion time 1.27.;111.1-1_'—8(337.(656 o.?é?%ié)—g‘.‘m p=0.011
Disclusion time 021,000-096 | 0.17,005137 | P=05%
Total anterior occlusal force 0.? 52(())360—513 5 0235%§;)—1)893 p =0.008*
Total posterior occlusal force O.E? 5?%250_1)193 027‘,15)1(;;)—1)863 p =0.008*
Total left occlusal force 0. g 65§)§ 60—(())96 4 0284?)23—%971 p=0.173
Total right occlusal force 02;%2 g_%?w 05025%)35—1)063 p=0.138

*Statistical significance
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Figure 5. Four types of trajectories of the closing path: A — normal: the trajectory was
straight-down in shape; B — contact point: the trajectory was clustered into a specific
area; C - sliding in left-right, defined as the trajectory, was outlined horizontally
across the midline; D - sliding in right-left: the trajectory was outlined horizontally,
across the midline

Table 2. Descriptive statistics of location of the center of force before and after
surgery

Center of force Before surgery After surgery Significance
normal 3(33.3%) 9 (100%)
L—R 3(33.3%) /

p = 0.026*
R—L 2(22.2%) /
contact 1(1.1%) /

*Statistical significance; L - left; R - right; contact - trajectory localized in defined region

and intensity of occlusal contacts, while the
T-Scan™ (Tekscan Inc.) system enables accu-
rate assessment of a patient’s bite [2, 17]. This
technology also captures objective occlusal
patterns during jaw movement, which can be
crucial for effective orthodontic treatment.
Regular monitoring allows for early detection
and correction of occlusal discrepancies and
related musculoskeletal imbalances [18, 19,
20]. Consequently, assessing occlusion both
pre- and post-surgery, as demonstrated in this
study, proves to be highly beneficial for patient
outcomes.

Occlusal time gradually decreased after
surgery, approaching the ideal physiological
range. These findings suggest that minimiz-
ing occlusal time is important for facilitating
smooth mandibular closure into maximum
intercuspation without premature contacts.
In contrast, disclusion time was within the
physiological normal range both prior to and
following the surgical intervention, with our
findings indicating only minimal variations
that did not reach statistical significance.
Previous studies have reported that ideal
physiological occlusal times is less than 0.2
seconds, with some authors suggesting a typi-
cal range between 0.1 and 0.4 seconds [1, 13].
The results of our research are consistent with
those reported by Tammataratarn et al. [1].
Evidence from multiple studies by Ellis et al.
[21] reported that individuals scheduled for
orthognathic surgery due to dentofacial de-
formities exhibited lower maximum bite force
compared to healthy controls, emphasizing
the clinical relevance of evaluating mastica-
tory strength prior to surgical intervention.
Similar findings are also reported by Iwase et
al. [22], who showed that their patients had a
decreased forces postoperatively, compared to
presurgical bite force. Results for total average
occlusal force showed a statistically significant
improvement in force distribution in AP area.
Specifically, there was a notable increase in
force distribution in the anterior segment after
surgery, while a decrease in total occlusal force
is observed in the posterior segment. As a re-
sult of the surgical intervention, subjects with
skeletal class IIT malocclusion achieve proper

incisal overjet, which allows the inclusion of a greater num-

DISCUSSION

ber of anterior teeth and a beneficial force distribution

compared to the preoperative state [22].

This pilot study examined occlusal factors in partici-
pants confirmed to have skeletal class III malocclusion,
seven days preoperatively and 6-8 weeks postoperatively.
Previous studies have investigated occlusion in patients
with various occlusal classes at two or three different time
points [14, 15, 16]. Digital devices enable improved ac-
curacy and enhanced precision in analyzing the timing
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In contrast to the AP segment, RL areas did not show
statistically significant variations in force distribution after
surgical procedure. This outcome may depend on several
factors, such as the surgeon’s skill, tooth positioning, or
potential postoperative relapse. Compared to our study,
Tammataratarn et al. [1] did not find a statistically sig-
nificant variation between the experimental and control
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groups in the AP and RL areas. However, they did observe
a significant difference in bite force between the preopera-
tive period and one month after surgery.

Postoperative assessments revealed improved force dis-
tribution and occlusal force transmission, this finding was
consistent with the resulting trajectory course. The COF
is a very important parameter that indicates the stability
of a patient’s occlusion [23, 24]. Analysis of the preopera-
tive condition revealed a wide range of movement of the
diamond shaped icon, indicating that most patients had
highly unstable occlusion, with the exception of one patient
who showed a consistent contact relationship (Table 2).
Surgical intervention led to a significant improvement at
the stability of occlusion in patients with skeletal class III
malocclusion, which can be attributed to the applied com-
bined orthodontic-surgical treatment [21]. Other authors
have also reported findings consistent with ours, emphasiz-
ing that their patients exhibited a more centric COF [1].

This study is limited by a modest sample size and a
short-term follow-up, considering that these patients typi-
cally undergo two or three years of combined orthodontic-
surgical treatment. Future research will focus on expanding
the variables being observed, such as standard deviations
of force on individual teeth, including and monitoring a
larger number of these patients across different time points
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and various phases of therapy, which may provide insight
into the improvement or deterioration of the evaluated
parameters, and consequently, the enhancement or decline
in occlusal stability.

CONCLUSION

Surgical therapy significantly improves occlusal quality
among individuals with skeletal class III malocclusion. It
has been proven that it leads to improvements in occlu-
sion time, the distribution of total force in AP direction,
projection of COF, compared to the pre-surgical condition.
The results have shown that further investigation is needed
into distribution of force on the right and left regions, ex-
panding the variables being observed, such as standard
deviations of force on individual teeth in order to enhance
the occlusal stability in these patients.
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YTULaj OpTOrHaTCKe XMpYpPruje Ha OKAy3anHe KOHTaKTe U AucTpubyuujy cune
3arpuaja Kog nauujeHara ca lll ckeneTHom Knacom npumeHom cuctema T-CKeH

Amap Hepnek', Hega CredpaHoBuh', 3opaHa CrameHkosuh', TuHa MajeBuh', MiBan Apcuh’, Busbana Munnunh?, HeHag

HepemmkoBuh!

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, KnnHnka 3a optoneaujy Bunuua, beorpag, Cpbuja;
*YHueep3uTeT y beorpagy, Cromatonowku dakyntet, MefunumMHcKa cTaTucTika n nHdopmatmka, beorpag, Cpbuja

CAMETAK

YBoa/Lwmb MNprmapHu b neyera Manoknysuje je noctrsa-
tbe oMnTMMasnHe okny3uje. CBpxa 0Be MPOCMEKTVBHE KIVMHNUKe
nunoT-cTyamnje 6una je aa ce NpoLeHe AUTUTAIHN OKIy3aiHu
napameTpu Npe 1 Nocne OPTOrHaTCKe XMpypruje Koa nawmje-
HaTa ca lll ckeneTHoM Knacom.

Metoge Cryauja je o6yxBaTuia AeBeT NaLlujeHaTa — YeTpm
0cobe XXeHCKOr 1 NeT MYLLKOT Mofa, KOA KOjuX je AujarHoCTu-
KoBaHa manoksysuja lll ckeneTtHe knace. CKkeHupatrbe jeaHor 3a-
rpuKaja 3BpLLEHO je cejaM iaHa Npe 1 LeCT A0 0CaM Heflesba
HaKoH xupypruje, kopuctehu T-cked HoByc (Tekscan Inc., Hop-
ByA, MA, CALl). Bpeme okny3uje, yKyrnHa npoceyHa oKiy3anHa
Cvna ropkber 1 Jokber 3y6HOr flyKa 1 Npojekuyja LieHTpa cune
npoLereHn cy 1 ynopeheHu npe 1 nocne onepauuje.
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PesynTatu Y nopehetby ca npeonepatBHUM NePUOAOM, BPEME
oKJy3uje 6uno je 3HauyajHO cMakbeHo (p = 0,011). [lok je yKyn-
Ha cuna y npefhem cermeHTy nopacna (p = 0,008), y 3agmem
CerMeHTY je 3ab6enexeHo heHo cMatberse (p = 0,008). LieHTap
cune je nokasao 3HauajHo 60sby No3uLKjy Y MOCTONepPaT!BHOM
neproay, WTo yKa3syje Ha cTabunHujy oknysujy (p = 0,026).
3aksbyyak Kog nauymjeHara ca lll ckeneTHom Knacom, XvipypLuka
Tepanuja 3HauyajHo NobosbLUaBa KBANUTET OKITy3uje YKrbyuyjyhn
BpeMe OKJly3uje 1 JUCKNY3Wje, pacnofeny YKyrnHe cuney aHTe-
PO-MOCTEPVIOPHOM MpPaBLY, Kao 1 LieHTap cuie, y nopehemy ca
npeonepaTMBHUM CTateM.

KmbyuHe peun: T-cken; |ll ckeneTHa Knaca; opTorHaTcka xmpyp-
rnja; AUrUTanHW OKy3anHN aHanm3aTop

www.srpskiarhiv.rs



DOI: https://doi.org/10.2298/SARH251109094D

UDC: 616.833.15-009.7:616.89-008.454-056.24

ORIGINAL ARTICLE / OPUTUHAJIHN PA[]

Association between depression and oro-facial pain
— a pilot study
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SUMMARY

Introduction/Objective Orofacial pain and depression are frequent symptoms when temporomandibular
dysfunction (TMD) is present. The aim of this prospective study was to evaluate the influence of pain
intensity on the level of depression in patients with TMD.

Methods This study included 44 patients, heterogeneous in sex and age from 25 to 45 years. Subjects
were evaluated for signs of painful TMD based on the Research Diagnostic Criteria for TMD protocol. The
study protocol was composed of a combination of data on clinical signs, a pain scale numerical, visual
analogue scale, and a depression related questionnaire symptoms check list (SCL-90R).

Results When assessed the type of dysfunction and degree of the depression no statistically significant
differences were found (p = 0.420). No statistically significant difference was observed in the age of
respondents without depression, with moderate and severe depression (p = 0.859), There was no statis-
tically significant difference observed in the degree of chronic pain in patients without depression and
patients with a moderate and severe form of depression (p = 0.119). Pain on a numerical scale did not
differ significantly in relation to the occurrence and degree of depression (p =0.171; p = 0.068; p = 0.091).
However, there was a statistically significant difference in the psychosocial status between the respon-
dents in relation to the degree of depression regarding social life and daily activity (p = 0.010; p = 0.002).
Conclusion Depression can be one of the causes, but also a consequence of chronic oro-facial pain, and
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thus indirectly a factor that affects the psychosocial state and quality of life of the patients.
Keywords: depression; orofacial pain; temporomandibular dysfunction

INTRODUCTION

Orofacial pain is an unpleasant sensory and
emotional experience associated with immedi-
ate or potential tissue damage. The most com-
mon cause of pain in the oro-facial region of
non-odontogenic origin are musculoskeletal
disorders involving the muscles of the cervical
spine, temporomandibular joints, and mastica-
tory musculature [1, 2, 3]. Although they do
not jeopardize vital functions, musculoskeletal
disorders significantly affect the quality of life
[4, 5]. Patients with oro-facial pain are chal-
lenging for a therapist due to the complexity
of the symptoms and signs they present, as
well as the diversity of clinical forms of pain
in the face and jaw region. Precisely for the
above reasons, it was believed that myalgias
from arthralgias originate from the same cause.
Disorders involving the structures of the tem-
poromandibular joint and masticatory muscles
are classified as temporomandibular dysfunc-
tion (TMD) [6, 7, 8].

Depression, fear, anxiety, physical damage,
and disability caused by pain further complicate
the existing condition, decreasing the patients’
quality of life. Although depression is a com-
mon symptom in patients with chronic oro-
facial pain, or chronic pain in general, there is
no evidence that depression or any psychological

disorder causes TMD symptoms. The claim that
pain precedes depression is more likely [9, 10].
The aim of this prospective study was to
evaluate the influence of pain intensity on the
level of depression in patients with TMD.

METHODS

The research was conducted as a prospec-
tive study that included 44 patients, hetero-
geneous in terms of sex and age. The sample
was selected of patients who came to the Clinic
for Prosthodontics of the School of Dental
Medicine, University of Belgrade with some of
the symptoms and signs of TMD. Subjects that
were evaluated to have signs of painful TMD
based on the Research Diagnostic Criteria for
TMD (RDC/TMD) protocol (Dworkin and
LeResche) Appendix 1, were in an age range
from 25 to 45 years.

The exclusion criteria:

1. Patients with the pain of other origin:
odontogenic, neurogenic, vascular, in-
flammatory, or related to tumor changes
in the surrounding structures (ear, throat,
eye, nose, sinuses);

2. Patients who had some other chronic dis-
ease that impairs the general health con-
dition and gives a false image of TMDs;
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3. patients younger than 25 and older than 45 years;

4. patients who did not consent to participate in the

study.

A detailed clinical examination of the orofacial system
was performed in all subjects in order to determine the
presence of symptoms and signs of TMD. Patients with
symptoms and signs of TMD were included in the study.
All subjects were healthy and thoroughly informed about
the research protocol. Clinical examination and func-
tional analysis of the oro-facial system were based on the
diagnostic protocol RDC/TMD (Dworkin and LeResche,
1992), shown in Appendix 1, where one or more symptoms
of painful muscle and/or joint dysfunction were recorded:

1. pain in the preauricular region;

2. pain or sensitivity when palpating the masticatory

muscles;

3. limited and/or painful movements of the lower jaw;

4. deflection of the lower jaw during mouth opening;

5. presence of sound phenomena when opening the

mouth.

The inclusion criteria for the study:

1. subjects with intact teeth;

2. subjects not surgically or orthodontically treated;

3. subjects that were not under medication therapy;

4. presence of painful symptoms in the region of the

face and jaws.

The study protocol was composed of a combination of
data on clinical signs, a pain scale numerical, visual ana-
logue scale, and a depression related questionnaire symp-
toms check list (SCL-90R) (Appendix 2). For all respon-
dents, the degree of chronic pain, the degree of depression
(normal state, moderate depression, severe depression) was
determined within the questionnaire (Axis II) Appendix 2.

In the list of questions Axis II related to pain and the
psychosocial status of the subjects, data were obtained
based on the subjects’ answers to the questions offered in
the RDC/TMD protocol.

The Axis II list includes:

1. a short questionnaire of seven questions for evaluat-

ing the intensity of pain (0-4);

2. SCL-90 for expressing the degree of depression (nor-

mal state, moderate depression, severe depression);

3. the offered list of 10 functions of the orofacial system

that are most often difficult to perform (it is neces-
sary to determine the number of positive answers in
relation with offered functions).

Pain intensity was expressed by values from 0 to 100,
which were calculated by multiplying the mean value ob-
tained from the answers to questions 7, 8 and 9 by 10.
In response to these questions, the respondent was
asked to choose a value on the offered numerical scale
from 0 to 10: mean value (current pain, worst pain

2 points, 70 and more = 3 points. After the evaluation is
completed and the results expressed in points are added
up, chronic pain is expressed: Grade 0 - pain due to TMD
has not been present in the last six-month-period. Grade
I - low pain intensity (pain intensity less than 50) and
slightly changed social contacts and (less than 3 points).
Grade II - high pain intensity (greater than 50) and altered
social contacts (more than 3 points).

To calculate the degree of depression, the answers to
the questions in the questionnaire were used, expressed
in numerical equivalents, and then summed up. The total
was divided by the number of responses requested. If the
obtained value was less than 0.535, depression was not
present. In the interval from 0.535 to 1.105 the depres-
sion was moderate. A value greater than 1.105 indicated
severe depression. The statistical software package SPSS for
Windows (18.0) (SPSS Inc., Chicago, IL, USA) was used
for data processing. At the beginning of the research, all
variables were described using classic descriptive methods.
Attributive features are described by absolute and relative
numbers, and numerical measures of central tendency
(arithmetic mean and median) and variability measures
(standard deviation, minimum, and maximum value), as
well as 95% confidence interval. The choice of tests for the
analysis of numerical features of observation depended
on the nature of their distribution, which was examined
using the Koglomorov-Smirnov test. In the case of a nor-
mal distribution of data and testing the difference between
more than two groups of subjects, a one-factor analysis
of variance was used, while for non-parametric data the
Kruskal-Wallis test was used. The threshold value for ac-
cepting the working hypothesis was set at p < 0.05.

Ethics: This study was approved by the Ethics Committee
of the School of Dental Medicine, University of Belgrade
by decision number 36/6.

RESULTS

Between the analyzed subpopulations of TMD, no statis-
tically significant difference was observed in the severity
of depression recorded during the examination (Table 1).

In the group of subjects with musculo-articular dys-
function, most subjects showed symptoms of moderate
depression. Most of the respondents showed a moderate
form of depression, regardless of the type of dysfunction.
Excluding the degree of expression, depression is most

Table 1. Level of depression relation with dyagnosis

experienced in the past six months, average pain in Diagnosis

the past six months) x 10, changes in social contact | Depression Muscular | Articular | m:srct:ﬂz[ar Significance
were expressed in values from 0 to 100 and were the dysfunction | dysfunction | 4 .6 nction

result of answers to questions 11, 12, 13. The respon- || o eof | None 1(143%) | 8(53.3%) | 7(31.8%)

dent chose the value on the offered numerical scale | depression | Moderate | 5(71.4%) | 5(33.3%) | 11(50%) | p=0.420
from 0 to 10 mean value (daily activities, social activi- | N (%) Severe | 1(143%) | 2(133%) | 4(18.2%)

ties) x 10, 0-29 = 0 points, 30-49 = 1 point, 50-69 =

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):562-567

*statisticaly significant difference
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Figure 1. Dysfunction and degree of depression

Table 2. Adulthood of the subjects related to the level of depression

Participant adulthood | Mean | Med | SD | Min | Max 95% Cl
No depression 39.06 | 39.50 | 8.378 | 23 | 54 | 34.60-43.53
Age | Moderate 3833 36.00 1216 | 22 | 55 | 32.80-43.87
depression
Severe depression | 36.29 | 30.00 | 13.24 | 21 | 53 | 24.04-48.53
60
50
A
g 0
e
30
20
T T T
None Moderate Severe
Depression

Figure 2. Age of the participants and the level of depression

Table 3. Level of chronical pain related to the level of depression

Observed parameters Mean | Med | SD | Min | Max | 95%Cl
No depression 144 | 1.00 0512 1 2 [1.16-1.71
beveller Moderate
chronical . 1.76 | 2.00 |0436| 1 2 | 1.56-1.96
pain depression
Severe depression | 1.71 | 2.00 |0.488 | 1 2 |1.26-2.17

prevalent in the group of respondents with signs of muscle
dysfunction (Figure 1).

No statistically significant difference was observed in
the age of respondents without depression, with moder-
ate and severe depression (one-factor analysis of variance;
p = 0.859), Table 2).

The age of the participants and the level of depression
are presented in Figure 2.

The level of chronical pain related to the level of depres-
sion are presented in Table 3.

There was no statistically significant difference ob-
served in the degree of chronic pain in patients without
depression and patients with a moderate and severe form
of depression (Table 4).

‘ DOI: https://doi.org/10.2298/SARH251109094D
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Pain intensity expressed on a numerical scale according
to the degree of depression are presented in Table 5.

Severity of pain on a numerical scale and depression
are presented in Figure 3.

Pain, measured by a numerical scale, did not differ sta-
tistically significantly in relation to the occurrence and
degree of depression (Table 6).

Social life and depression are presented in Figure 4.

Daily activity and depression are presented in Figure 5.

There was a statistically significant difference in the
psychosocial status between the respondents in relation
to the degree of depression (Table 8).

DISCUSSION

The influence of psychogenic factors in the occurrence and
development of temporomandibular disorders is particu-
larly significant. Nevertheless, chronic pain can affect the
patient’s psychosocial status and thus worsen the existing
condition. Masticatory muscles react to induced stress with
increased activity, and their response to stress is signifi-
cantly more intense than in other skeletal muscles [11-14].

Depression is a frequent companion of chronic pain
conditions and it has been documented in the clinical
population of TMDs. The International Classification
F32 defines depression as a disease accompanied by a bad
mood, a decrease in activity and vital energy, expressed in
mild, moderate, and severe depressive episodes [14, 15, 16].

Given that psychological disorders due to painful sensa-
tions are frequent companions of chronic as well as acute
pain in the orofacial region, a shorter informative conver-
sation between the therapist and the patient is necessary on
the basis of which the primary assessment of psychological
and psychosocial ability is performed. As an integral part
of the evaluation of TMD patients, an examination and
determination of psychological status should be included
in order to detect symptoms of depression and possibly
predict the chronicity of TMD [15-18].

Analyzing the results of our research, in the group of
subjects with muscular and articular dysfunction, most
subjects showed symptoms of moderate depression, re-
gardless of the type of dysfunction. In each and every
degree of expression, depression is most prevalent in the
group of respondents with signs of muscle dysfunction.
Nevertheless, there were no statistically significant differ-
ences between the assessed groups. (Table 1, Figure 1).
When we compared the severity of depression regarding
the age of the patients there was no statistically significant
difference observed in the age of respondents without de-
pression, with moderate and severe depression (p = 0.859)
(Table 2). The results show that the degree of chronic pain
of the oro-facial system does not affect the expression of
depression. When we compared the level of chronic pain
- visual analogue scale, in relation with the level of depres-
sion, we used Kruskal-Wallis test to determine the signifi-
cance of the assessed variables, there were no statistically
significant differences observed in the degree of chronic
pain in patients without depression and patients with a

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):562-567
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Table 4. Level of chronical pain and depression N
Observed Depression u . Depression
arameters Significance? m °
?X +5D) None Moderate Severe E & None [
- r o Moderate
1
Levelof = 14 4440512|176+0436 | 1.71+0488 | p=0.119 : Severe [l
chronical pain a
*Statistically significant difference 1 _ss
*Kruskal-Wallis test s >
: oo o
a
1
e Current Strongest Average

Figure 3. Severity of pain on a numerical scale and depression

Table 5. Pain intensity expressed on a numerical scale according to the degree of depression

Pain intensity Mean Med SD Min Max 95% Cl
No depression 4.25 5.00 2.145 0 7 3.11-5.39
Current pain Moderate depression 5.95 7.00 2.854 0 9 4.65-7.25
Severe depression 4.57 6.00 3.823 0 9 1.04-8.11
No depression 6.25 6.00 1.483 3 9 5.46-7.04
Strongest pain Moderate depression 7.14 8.00 2.104 1 9 6.18-8.10
Severe depression 8.14 8.00 1.345 6 10 6.90-9.39
No depression 4.50 5.00 1.211 2 7 3.85-5.15
Average pain Moderate depression 5.62 6.00 2.156 1 9 4.64-6.60
Severe depression 6.00 6.00 1.414 4 8 4.69-7.31
S D
a A
o i
C 1
i v | 5
a a )
1 c
1 ¢
3 1
1 v
f i
: 1
: i i ¥
None Moder a.te Severe None Moderate Severe
Depression Depression

Figure 4. Social life and depression Figure 5. Daily activity and depression

Table 6. Subjectively assessed pain intensity with a numerical scale and de- ~ moderate and severe form of depression (Tables 3

pression and 4). When we assessed the level of pain regis-
Intensity of pain Depression Significance|  tered on a numerical scale with the level of depres-
(x£sd) EENE Moderate | Severe sion, it did not differ statistically significantly in
Current pain 425+2.145 | 595+2.854 | 457+£3.823 | p=0.171 relation to the occurrence and degree of depression
Strongestpain | 6.25+1.483 | 7.14£2.104 | 8.14£1.345 | p=0.068 (Tables 5 and 6). This was suggested by the other
Average pain 450+1.211 | 562+2.156 | 6.00+1.414 | p=0.091 authors when they said that depression is indepen-
*statistical significance dently associated with chronic oro-facial pain [2,
*one-factor analysis of variance 10]. Finally, when we wanted to assess the relation
Table 7. Psychosocial parameters expressed on a numerical scale accordingto  between psychosocial parameters like daily activity
the degree of depression and social life, expressed on a numerical scale ac-
Psychosocial status Mean | Med | SD | Min | Max| 95%Cl cording to the degree of depression (Table 7) there
social 10 depression | 056 | 0.500629] 0 | 2 | 02390 |  wasa statistically significant difference in the psy-
life | Moderatedepression | 2.24 | 2.00 |1895| 0 | 6 |1.38-310| chosocial status between the respondents in rela-
Severe depression 343 | 4.00 |3.155| O 8 |0.51-6.35 tion to the degree of depression (p < 0.05) (Table

Daily ,':IAO depression | 188 2001628 O | 7 |1.01-274 | g) Similarly, other authors have proven that TMD
ey oderate depression | 3.62 | 3.00 |2.148| 0 | 9 |252-4.72 through subsequent depression significantly influ-
Severe depression 443 | 5.001.902| 2 7 |267-6.19 enced patients’ quality of life [5, 15]. In our study

statistically significant difference was observed in

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):562-567 www.srpskiarhiv.rs ‘
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Table 8. Psychosocial status and depression

Observed Depression

parameters Significance®
(X +SD) None Moderate Severe

Social life 0.56+0.629 | 2.24+1.895 |3.43+3.155| p=0.010%
Daily activity | 1.88+1.628 | 3.62+2.148 |4.43+1.902| p=0.002%

*Statistically significant difference

2Kruskal-Wallis test

the psychosocial status of the respondents in relation to
the degree of depression. This means that the level of de-
pression influenced the patients” daily activities as well as
social life in terms of the intensity of the symptoms directly
influencing the level of psychosocial parameters.

REFERENCES

1. Anita H, Asnely Putri F, Maulina T. The Association Between
Orofacial Pain and Depression: A Systematic Review. J Pain Res.
2024;17:785-96. [DOI: 10.2147/JPR.S435219] [PMID: 38440413]

2. Karamat A, Smith JG, Melek LNF, Renton T. Psychologic Impact
of Chronic Orofacial Pain: A Critical Review. J Oral Facial Pain
Headache. 2022;36(2):103-40. [DOI: 10.11607/0fph.3010]

[PMID: 35943323]

3. Shetty SS, de Arruda JAA. What is the impact on mental pollution
and depression in patients with chronic orofacial pain? Spec Care
Dentist. 2021;41(6):760-1. [DOI: 10.1111/5cd.12619]

[PMID: 34038597]

4. Holmstrom AK, Vallin S, Wanman A, Lévgren A, Stalnacke BM.
Effect on orofacial pain in patients with chronic pain participating
in a multimodal rehabilitation programme - a pilot study. Scand J
Pain. 2023;23(4):656-61. [DOI: 10.1515/sjpain-2023-0004]

[PMID: 37327054]

5. Tanner J, Teerijoki-Oksa T, Kautiainen H, Vartiainen P, Kalso E,
Forssell H. Health-related quality of life in patients with chronic
orofacial pain compared with other chronic pain patients. Clin Exp
Dent Res. 2022;8(3):742-9. [DOI: 10.1002/cre2.560]

[PMID: 35347879]

6.  Nilsson IM, Ekberg E, Michelotti A, Al-Khotani A, Alstergren P, Conti
PCR, et al. Diagnostic criteria for temporomandibular disorders-
INfFORM recommendations: Comprehensive and short-form
adaptations for children. J Oral Rehabil. 2023;50(2):99-112.

[DOI: 10.1111/joor.13390] [PMID: 36373958]

7.  DelaTorre Canales G, Poluha RL, Soares FFC, Ferreira DMAO,
Sanchez-Ayala A, Bonjardim LR, et al. Who is the patient with
resistant myofascial temporomandibular disorders pain? A
somatosensory, psychosocial, and genetic characterization. J
Headache Pain. 2025;26(1):98. [DOI: 10.1186/s10194-025-02055-7]
[PMID: 40329183]

8.  Neubert JK, Allen K, Alliston T, Almarza AJ, Athanasiou KA,
Donertas-Ayaz B,et al. Preclinical perspectives on disorders of
the temporomandibular joint: Tracing the past, navigating the
present, and shaping the future. J Pain. 2025;36:105560.

[DOI: 10.1016/j.jpain.2025.105560] [PMID: 40953762]

9.  Alessandri-Bonetti A, Sangalli L, Boggero IA. Relationship between
insomnia and pain in patients with chronic orofacial pain. Pain
Med. 2024;25(5):319-26. [DOI: 10.1093/pm/pnae003]

[PMID: 38258535]

DOI: https://doi.org/10.2298/SARH251109094D

Pordevic . et al.

CONCLUSION

Depression can be one of the causes, but also a conse-
quence of chronic oro-facial pain, and thus indirectly a
factor that affects the psychosocial state and quality of life
of the patients.

ACKNOWLEDGMENT
This study is part of PhD thesis of Prof. Dr Igor Dordevi¢.

Conflict of interest: None declared.

10. De Sousa BM, Lopez-Valverde A, Caramelo F, Rodrigues MJ,
Lopez-Valverde N. Use of antidepressants in the treatment
of chronic orofacial pain caused by temporomandibular
disorders: A randomized controlled clinical trial. Med Clin (Barc).
2024;163(2):74-7. [Article in English, Spanish]

[DOI: 10.1016/j.medcli.2024.02.002] [PMID: 38570297]

11.  Marchesi A, Sardella A, Khijmatgar S. Depression and Anxiety
as Predictors of Pain and Sensory Thresholds in Adults with and
Without Temporomandibular Disorder: A Case-Control Study. J Int
Soc Prev Community Dent. 2025;15(3):257-64.

[DOI: 10.4103/jispcd.jispcd_236_24] [PMID: 40838030]

12.  Orzeszek S, Martynowicz H, Smardz J, Wojakowska A , Bombala
W, Mazur G. et al. Assessment of sleep quality in patients with
orofacial pain and headache complaints: A polysomnographic
study. Dent Med Probl. 2024;61(4):549-62.

[DOI: 10.17219/dmp/177008] [PMID: 38832763]

13. Delgado-Delgado R, Iriarte-Alvarez N, Valera-Calero JA, Centenera-
Centenera MB, Garnacho-Garnacho VE, Gallego-Sendarrubias GM.
Association between temporomandibular disorders with clinical
and sociodemographic features: An observational study. Int J Clin
Pract. 2021;75(5):e13961. [DOI: 10.1111/ijcp.13961]

[PMID: 33387380]

14.  Vucurevi¢ M, Vujovi¢ M, Stojanovi¢-Tasi¢ M, Mari¢ N. Frequency
and correlates of depression at the primary health care level in
Belgrade. Srp Arh Celok Lek. 2020;148(3-4):185-90.

[DOI: 10.2298/SARH190322098V]

15.  Stankovi¢ Z, Nikoli¢-Balkoski G, Leposavi¢ Lj, Popovié Lj.
Perception of quality of life and social adjustment of patients with
recurrent depression. Srp Arh Celok Lek. 2006;134(9-10):369-74.
[DOI: 10.2298/SARH0610369S] [PMID: 17252901]

16. Leposavic |, Leposavic Lj. Attribution style of patients with
depression. Srp Arh Celok Lek. 2009;137(9-10):529-33.

[DOI: 10.2298/SARH0910529L] [PMID: 19950761]

17.  Dordevic¢ |, Lazi¢ V, Todorovi¢ A, Cairovi¢ A, Veselinovi¢ V, Zivkovi¢
S.Transcutaneous electrical nerve stimulation therapy in
reduction of orofacial pain. Srp Arh Celok Lek. 2014;142(3-4):150-
4.[DOI: 10.2298/SARH1404150D] [PMID: 24839768]

18.  Loncar J, Panic Z, Stojsin |, Savovic S, Petrovic¢ B. Applicability of
visual-analogue scale in patients with orofacial pain. Srp Arh Celok
Lek.2013;141(7-8):454-9. [DOI: 10.2298/SARH1308454L]

[PMID: 24073550]

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):562-567



Association between depression and oro-facial pain - a pilot study

Nose3aHocT genpecuje n opodauujanHor 6ona — nuaoT-cTyamja

Wrop Hophesuh', Gunun Mearaw?, JaHuua Monosuh AHTUR', Mintba Munuunh Jlasuh!, Momuuno Yonuh', Nlyka Xynau'

'YHuep3utet y beorpagy, Cromatonoluku dakynteT, KnHrka 3a cTomatonoLuky npotetuky, beorpag, Cpbuja;
*YHneep3uTeT y beorpagy, Cromatonowku dakyntet, KnuHuka 3a makcunodaumjanty xupyprujy, beorpag, Cpbuja

CAXETAK

YBop OpodaLmjantu 6on 1 fenpecuja cy YeCT CUMNTOMU Kaaa
je npucyTHa TemnopomaHanbynapHa aucoyHkumja (TMA).
Linrb oBe npocneKTMBHE CTyAuje 610 je Aa ce MPOLeHU yTNLAj
MHTeH3UTeTa 6ona Ha HMBO Jenpecuje Kog nauurjeHata ca TM/.
MeTtope OBa cTyauja je 0byxsatuna 44 nauujeHTa, XeTeporeHmnx
no nony u ctapoctu (og 25 po 45 rognHa). Kog ncnutaHmnka
je npouerMBaHO NocTojatbe 3HakoBa 6onHe TM/ Ha ocHoBYy
MPOTOKOJIA NCTPaXMBAUKMX ANjarHOCTUYKUX KpUTepurjyma 3a
TMJ. MpoTokon cTyauje ce cacTojao of KOMOUHaLMje nofarta-
Ka O KNMHUYKMM 3HaLMMa, HYMepUUKe cKasne 6ona, Bu3yenHe
aHanorHe ckane v ynuTHUKa Be3aHor 3a genpecujy — Jlucre 3a
nposepy cumnToma (SCL-90R).

Pesynratu [punmkom npoLeHe BpcTe ANCOYHKLMjE 1 CTeneHa
Jenpecuje HACY NpoHaheHe CTaTUCTMYKM 3HaYajHe pasniuke
(p = 0,420). Huije nprmeheHa CTaTUCTUYKM 3HaYajHa pasnnka y

CTapoCTV UCMINTAHUKa 6e3 fenpecyje, ca YMEPEHOM U TELIKOM
penpecujom (p = 0,859). Huje nprmeheHa cTaTMcTUuKy 3Havaj-
Ha pa3fiMKa y cTeneHy XpoHuyHor 6ona Kog nauujeHata 6e3
Jenpecuje 1 naumjeHaTa ca yMepeHUM 1 TELIKMM 06TIMKOM fie-
npecuje (p =0,119). bon Ha HyMepMUKOj CKanw Huje ce 3HaYajHO
pa3nMKoBao y ofiHOCY Ha MojaBy 1 cTeneH fenpecyuje (p =0,171;
p =0,068; p=0,091). MehyTim, nocTojana je CTaTUCTUYKM 3Ha-
yajHa pasnuka y ncmxocouujanHom cratycy nsmehy ncnura-
HVKa y OfHOCY Ha CTeneH Aenpecuje, y Be3u ca ApyLWTBEHUM
YKMBOTOM 1 CBAaKOAHEBHMM aKkTBHOCTVMA (p = 0,010; p = 0,002).
3akspyyak [lenpecuja Moxe 6UTK jefaH of y3poKa, anu v
nocnegmua XpoHNYHoOr opodaumjanHor 6ona, a camym TUM 1
VHANPEKTHO GaKTop Kojy yTrYe Ha MCUXOCOLMjanHO CTakbe 1
KBa/IMTET XMBOTa NaLnjeHara.

KmbyuHe peun: fenpecuja; opodauujanHu 6on; TemnopomaH-
anbynapHa gucdyHkumja

Appendix 1. Diagnostic protocol research diagnostic criteria for temporomandibular dysfunction, Dworkin & LeResche (1992)

INSTITUTION . ..o PATIENTNO................
NAMEAND SURNAME . ... oo GENDER............oiiiiit,
YEAROFBIRTH............. OCCUPATION . ... TELEPHONE..................

Read each question carefully and circle only one answer:
1. How would you rate your general state of health: excellent, very
good, good, satisfactory or bad?

excellent.............. 1
verygood............. 2
good.......iiiiiinn 3
satisfactory............ 4
bad................. 5

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

excellent.............. 1
verygood............. 2
good......oiiiiiiinn 3
satisfactory............ 4
bad................. 5

3. Inthe last six months, have you felt pain in the area of the face,
jaw, temple, in front of the ear or in the ear itself? (Axis II)

No....ooviiiiiinn 0

YeS. oo 1

(if you have not felt pain in the last six months, go to question
no. 14)

4a. How many years ago did you first feel such pain? (Axis II)

(if the pain occurred for the first time in less than a year, skip the
question and answer the following)

4b. How many months ago did you feel that pain for the first time?
(Axisll) oooooiiiiinn months
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5. s the pain constant, occasional, or does the pain appear only
once? (Axis Il) Constant 1
Occasional ............ 2

Only once

6. Have you ever sought medical help for this?

No....oovviiiii 1
Yes, in the past six months 2
Yes, more than six months ago 3

7. How would you rate your current pain on a scale of 0-10, where
the value 0 corresponds to a state without pain and the value 10
to a state of unbearable pain? (Axis Il)
(no pain) (excruciating pain)
012345678910

8. In the last six months, on a scale of 0-10, what was your worst
pain? (Axis Il)
(no pain) (excruciating pain)
012345678910

9. In the past six months, what is the average value of pain experi-
enced on a scale of 0-107? (Axis Il)
(no pain) (excruciating pain)
012345678910

10. Inthe last six months, how many days did you miss work or school
because of pain in the face?
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11. In the past six months, how much did pain interfere with your
daily activities, expressed on a scale of 0-10?
(no interference) (impossibility to perform activities)
012345678910
12.  Inthe last six months, how much have your opportunities to par-
ticipate in social and family life changed due to pain, expressed
on a scale of 0-10?
(no changes) (major changes)
012345678910
13.  How much did the presence of pain affect your ability to work in
the last six months (including household chores), expressed on
a scale of 0-10?
(no changes) (major changes)
012345678910
14a. Has it ever happened to you that you cannot open your mouth all
the way, i.e. have you had the feeling that your jaw was “locked”
in some position?
No....ooviiiiiiant 0
YeS. i viiiiiiiii 1
b.  Was the limitation of mouth opening so pronounced that it pre-

vented you from eating?

15a. Do you hear a popping sound when you open or close your mouth

or when you yawn?

No....ooviiiiiint 0
YeS. i iviiiiiiii 1
c. Have you been told or noticed that you grind your teeth or clench
your jaw during sleep?
No....ovvviiiiint 0
YeS. o iviiiiiiii 1
d. Do you grind your teeth or clench your jaw during the day?
No....ovvviiiiint 0
YeS. o iviiiiiiii 1
e. Do you feel pain or have a feeling of stiffness in your jaw in the
morning after waking up?
No....ooviiiiiint 0
YeS. i oviiiiiiiiiia 1
f.
Mr. Have you noticed a change in your bite when you bite down
on your back teeth?
No....ooviiiiiint 0
YeS. i oviiiiiiiiiia 1
doi:

Pordevic . et al.

16a. Have you had any other joint diseases (rheumatoid arthritis, lu-

18.

19.

20 a.

pus)?
NO . ooviii i 0
| T 1

Have you had or do you have swelling and pain in the area of the

jaw joints?
NO . ooviii i 0
YeS. o 1

Does the pain you feel in the area of the jaw joints last longer
than a year?

What type of activity does the existing problem limit or prevent?
(Axis I1)

No Yes

a. chewing 01
b. drinking liquids 01
c. taking solid food 01
d. taking soft food 01
e. laughing 01
f. brushing teeth and washing face 01
g.yawning 01
h. swallowing 01
i. speech 01
j. facial appearance 01
Do you use any medications?
No...oovviiiiiiint 0

YeS. o viiiiiiiiii 1

How long have you been using the medication?
What kind of medicines do you use?

What dose of medicine are you using?

Do you take medicine regularly?
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Apendix 2. Symptoms check list, (SCL-90) (Axis II)

Circle only one of the offered numbers given with the offered ques-

tions.
[0 not at all
L very little
2 moderately
P expressed
Ao exceptionally

In the past few months, how often have you been upset by:
a.headaches01234
b. loss of interest in sex or sexual pleasure 012 3 4
c. fainting or dizziness0 123 4
d. pain in the region of the heart and chest0 123 4
e. feeling of loss of energy or stagnation, slowness 01234
f. thoughts about death or dying0 1234
g.loss of appetite 0123 4
h. tearfulness0 1234
i. self-blame due to some events 0123 4
j.backpain01234
k. feelings of loneliness 0123 4
. indifference (melancholy) 0123 4
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m. excessive worries about something 0123 4

n. lack of interest in the environment 0123 4

o. feeling of pain and disgust in the stomach 01234
p.muscle pain01234

g. difficulty falling asleep (it takes you a long time to fall asleep)
01234

r. difficulty in breathing (hard to catch your breath) 0123 4
s. hot-cold shifts 0123 4

t. stiffness or feeling of “numbness” in some part of the body
01234

u. presence of a“lump”in the throat0 12 3 4

v. feelings of hopelessness 01234

w. feeling of weakness in some part of the body 0123 4

x. feeling of heaviness inarms and legs 01234

y. thoughts about ending your life0 123 4

z. excessive intake of food 0123 4

aa. waking up early in the morning 0123 4

bb. restless and interrupted sleep 01234

cc. feels that everything is“hard”0 1 2 3 4

dd. feeling “caughtinaclip’0123 4

ff. feelings of guilt0 123 4
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Albumin cobalt binding test for the diagnosis of
acute coronary syndrome in patients with heart
failure
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SUMMARY

Introduction/Objective Patients with acute coronary syndrome (ACS) and a history of heart failure (HF)
constitute a distinct high-risk subgroup requiring continuous monitoring due to a greater propensity
for complications. This study aimed to evaluate the diagnostic accuracy of the albumin cobalt binding
(ACB) test for detecting ACS in patients with HF who presented to the hospital with acute chest pain.
Methods Patients with chest pain suggestive of ACS and either known or newly diagnosed HF were
included and stratified into HF with and without ACS. Diagnostic accuracy of the ACB test was assessed
statistically.

Results Among 71 patients, 26 had ACS and 45 did not. ACB test values were significantly higher in the
HF with ACS group (p < 0.0001). The ACB test demonstrated an area under the ROC curve of 0.99 (p <
0.0001), with sensitivity and specificity of 96.15% and 100%, respectively. The positive predictive value
was 100%, and the negative predictive value was 97.8%.

Conclusion: The ACB test appears to be a promising complementary biomarker rather than a replace-
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ment for troponin for identifying ACS in HF patients presenting with acute chest pain.
Keywords: albumin cobalt binding test; heart failure; acute coronary syndrome

INTRODUCTION

Heart failure (HF) represents a complex clinical
syndrome characterized by symptoms and signs
arising from structural or functional cardiac
abnormalities, manifesting when the heart is
unable to pump blood forward sufficiently to
meet the body’s metabolic needs — even when
ventricular filling pressures are elevated [1].

Although acute coronary syndrome (ACS)
remains a frequent precipitant of hospitaliza-
tion in patients with HE, distinguishing ACS
from other HF-related symptoms is challeng-
ing - clinical features and often even biomark-
ers (like troponins) may be inconclusive. Up to
one-third of acute HF cases are precipitated by
an undiagnosed ACS, highlighting the urgent
need for accurate diagnostic tools to detect ACS
in the context of HFE. [2].

Oxidative stress plays a critical role in the
development and progression of HF, particu-
larly during ischemia-reperfusion, where ex-
cessive production of reactive oxygen species
(ROS) overwhelms antioxidant systems. This
redox imbalance contributes to myocardial
injury through mechanisms including lipid
peroxidation, oxidative modification of pro-
teins, and DNA damage, ultimately promot-
ing cardiomyocyte dysfunction and ventricular
remodeling [3-6]. These oxidative alterations
also modify the N-terminal region of serum
albumin, reducing its cobalt-binding capacity,

a change that can be quantified using the albu-
min cobalt binding (ACB) test as a surrogate
for ischemia-modified albumin (IMA).

Previous studies have demonstrated elevated
serum IMA levels in various cardiovascular
conditions, including ACS, percutaneous coro-
nary intervention, and HF with reduced ejec-
tion fraction [4-7]. However, there is limited
evidence regarding the diagnostic utility of the
ACSB test specifically in HF patients with acute
chest pain. Therefore, the aim of this study was
to evaluate the diagnostic accuracy of the ACB
test for detecting ACS in HF patients presenting
with acute chest pain.

METHODS

This prospective study included patients pre-
senting with acute chest pain suggestive of ACS
who were admitted to the Coronary Care Unit
of the Medical Center in Kosovska Mitrovica.

Inclusion criteria required the onset of chest
pain within six hours prior to admission, and
pre-established (documented in the medical
record) diagnosis of HF or newly diagnosed
using the Killip classification [8].

The final diagnosis of ACS was used as the
reference standard. Two independent cardiolo-
gists, blinded to the ACB test results, reviewed
all clinical data and assigned the diagnosis of
ACS according to established guidelines [9, 10].
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Based on the presence or absence of ACS, HF patients were
categorized into two groups: HF with ACS, and HF with-
out ACS. Demographic and clinical characteristics were
recorded at admission, including hypertension, diabetes
mellitus, hyperlipidemia, smoking status, and previous
myocardial infarction.

Upon admission, a 5 mL venous blood sample was col-
lected and centrifuged at 3000 rpm for 15 minutes to ob-
tain serum for routine biochemical analyses.

ACB test was conducted following the protocol de-
scribed by Bar-Or et al. [11]. Briefly, patient serum was
incubated with a cobalt chloride solution, followed by the
addition of dithiothreitol to initiate a colorimetric reaction,
which was subsequently halted using saline. The absor-
bance of the final mixture was measured at 470 nm using
an ultraviolet-visible spectrophotometer. This approach
indirectly assesses IMA levels based on its reduced binding
affinity for cobalt under oxidative conditions. Within-run
precision was assessed by analyzing 10 replicates of pooled
serum near the optimal cut-off value, while between-day
precision was determined by measuring the same sample
over five consecutive days.

Data were analyzed using MedCalc version 12.3.0.0
(MedCalc Software, Ostend, Belgium). No formal sample
size calculation was performed, as this was an exploratory
pilot study. Measures of central tendency and variability
were calculated. The Kolmogorov-Smirnov test assessed
normality. For normally distributed continuous variables:
results were presented as mean + standard deviation (SD),
and Student’s t-test was used. For non-normally distrib-
uted variables: results were expressed as median and in-
terquartile range (Q1-Q3), and analyzed using the Mann-
Whitney U test. Categorical data were expressed as counts
and percentages. The x* test was applied for comparisons.
Receiver operating characteristic (ROC) curve analysis
was performed to evaluate the diagnostic performance of
the ACB test in detecting ACS among HF patients. The
optimal cut-off value was determined from the ROC curve
based on the maximum Youden index: ] = max (sensitivity
+ specificity - 1). Bootstrapped 95% confidence intervals
were calculated for the Youden index and its associated
cut-off.

The area under the ROC curve (AUC) with boot-
strapped 95% CI was used to quantify test accuracy.
Sensitivity, specificity, positive and negative predictive
values, and likelihood ratios were calculated along with
95% CI. A value of p < 0.05 was considered statistically
significant.

Ethics: The study was conducted in accordance with the
Declaration of Helsinki (1975) and approved by the Ethics
Comnmittee of the Faculty of Medicine Pristina — Kosovska
Mitrovica (No. 05-197/9) and by the Medical Center in
Kosovska Mitrovica (No. 1234). Informed consent was
obtained from all participants.
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RESULTS

A total of 96 patients met the initial inclusion criteria.
However, 25 were excluded due to missing data, inadequate
sample quality, or lack of informed consent. The final co-
hort consisted of 71 individuals with HE, of whom 26 were
diagnosed with ACS, while 45 were not.

Baseline characteristics - including age, sex, smoking
status, history of hypertension, diabetes mellitus, dyslipid-
emia, and previous myocardial infarction - did not signifi-
cantly differ between HF patients with and without ACS
(Table 1). Sex distribution was similar across all groups.

Serum ACB test results were significantly higher in
HF patients with ACS compared to both the HF with-
out ACS group. These results are summarized in Table
2. Additionally, serum albumin concentrations did not
significantly differ between HF patients with and with-
out ACS. No significant correlation was found between
albumin concentrations and ACB test values (r = -0.201,
p=0.22).

Table 1. Patient characteristics

HF patients HF patients
Variables with ACS without ACS p
n=26 n=45

Age (years) 67+9 64+7 0.146
Male (%) 54% 51% 0.981
Smoking (%) 54% 49% 0.875
Hypertension (%) 70% 73% 0.923
Diabetes mellitus (%) 35% 29% 0.813
Hyperlipidemia (%) 38% 31% 0.711
Previous MI (%) 34% 13% 0.069

Data presented as mean + standard deviation (SD) or percentage; differences
between groups were calculated with t-test or x* test; HF - heart failure; ACS
- acute coronary syndrome; n — number of patients in group; Ml - myocardial
infarction

Table 2. ACB test and albumin levels

Parameter HF with ACS HF without ACS p
(n=26) (n =45)
ACB Test (ABSU) | 0.86 (0.63-1.01)* | 0.38(0.28-0.42) p<
0.0001
Albumin (g/L) 45.1 (43.0-49.6) 49.2 (46.2-51.5) | p=0.06

Data are presented as median and interquartile range (Q1-Q3); differences
between groups were calculated with Mann-Whitney test; HF — heart failure;
ACS —acute coronary syndrome; n - number of participants in group; ACB test
- albumin cobalt binding test; ABSU - absorbance unit

ROC curve analysis of the ACB test’s diagnostic accura-
cy for identifying ACS among HF patients yielded an area
under the ROC curve of 0.99 (95% bootstrap CI: 0.924-1.0;
p < 0.0001) (Figure 1). The optimal diagnostic threshold
was determined as 0.48 absorbance unit (95% bootstrap
CI: > 0.47 to > 0.48), corresponding to a Youden index of
0.961 (95% bootstrap CI: 0.807-1.0). At this cutoff, sen-
sitivity, specificity, positive and negative predictive values
were calculated and presented in Table 3.

Analytical precision of ACB test was also confirmed.
The intra-assay coefficient of variation was 4.1% at a mean
value of 0.49 absorbance unit, while the inter-assay coef-
ficient of variation was 3.6% at 0.48 absorbance unit-both
measured near the established ROC cutoff.
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Figure 1. Receiver operating characteristic (ROC) curve of aloumin
cobalt binding test (ACB) test was derived for heart failure (HF) patients
with acute coronary syndrome (ACS) vs. HF patients without ACS; AUC
- area under the ROC curve

DISCUSSION

The primary finding of this exploratory study is that the
ACB test shows promise for detecting ACS in patients
with HF presenting with acute chest pain. In this popula-
tion, where clinical symptoms may overlap and confound
diagnosis, the ACB test may serve as a valuable adjunct
diagnostic tool.

Patients with HF often present with symptoms indistin-
guishable from those of ACS, making differential diagnosis
challenging. Although troponin T (¢TnT) remains a cor-
nerstone in the diagnostic assessment of ACS, its specificity
is limited in the context of HF. Elevated troponin levels
can occur in patients without acute ischemia, particularly
in those with chronic or decompensated HE, as a result of
ongoing cardiomyocyte injury and mechanical stress [12,
13, 14]. This overlap complicates clinical decision-making
and underscores the need for complementary diagnostic
tools capable of differentiating ischemia from other causes
of biomarker elevation.

To our knowledge, this is the first study to report that
the ACB test is significantly elevated in HF patients with
concurrent ACS, compared to HF patients without ACS.
This result supports the utility of the ACB test as a marker
of myocardial ischemia [5] and left ventricular systolic dys-
function [7].

Ischemic conditions lead to oxidative alterations in the
N-terminal region of human serum albumin, resulting
in reduced binding affinity for metal ions such as cobalt.
These structural changes are primarily attributed to in-
creased ROS activity during ischemia and reperfusion,
which modify amino acid residues essential for metal co-
ordination. The ACB test exploits this biochemical shift
as an indirect indicator of myocardial ischemia, reflecting
oxidative stress-induced albumin dysfunction [5, 15, 16].

There is a growing body of evidence implicating oxida-
tive stress in the pathogenesis of various cardiovascular

‘ DOI: https://doi.org/10.2298/SARH250923082D
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Table 3. Diagnostic performance of the ACB test in HF with ACS vs.
HF without ACS

Parameter Value (95% Cl)
Sensitivity 96.15 (80.4-99.9)
Specificity 100 (92.1-100)
Positive predictive value 100
Negative predictive value 97.8 (86.8-99.7)
Area under ROC curve 0.99 (0.93-0.997)

Values of sensitivity, specificity, negative, and positive predictive value are
presented in percentage; values in parentheses represent 95% confidence
interval (Cl); ACB test — albumin cobalt binding test; ACS - acute coronary
syndrome; HF - heart failure

conditions, including myocardial ischemia-reperfusion
injury, atherosclerosis, cardiac hypertrophy, hypertension,
diabetic cardiomyopathy, and atrial fibrillation [17]. The
transition from myocardial hypertrophy to HF is associ-
ated with progressive oxidative damage, highlighting the
role of ROS in disease progression [18]. While the etio-
logical background of HF is heterogeneous, factors such
as coronary artery disease, diabetes, and hypertension are
major contributors to the observed oxidative alterations
[19]. Notably, oxidative stress is elevated in both ischemic
and non-ischemic HF [20]. During ischemia-reperfusion,
the excessive generation of oxygen radicals can overwhelm
antioxidant defenses, resulting in significant tissue damage
[21]. These changes may further impair the albumin-metal
binding capacity, which is the basis of the ACB test.

Patients with HF and concomitant ACS represent a
high-risk subgroup with greater rates of complications,
prolonged hospital stays, and increased mortality during
hospitalization and at follow-up intervals of 30 days and
one year [2, 22]. Early identification of ACS in these pa-
tients is thus of paramount clinical importance.

In our study, the ACB test demonstrated high diagnostic
performance: sensitivity and specificity were 96.2% and
100%, respectively, with a positive predictive value of 100%
and a negative predictive value of 97.8%. However, the very
high AUC of 0.99 is unlikely to be replicated in larger, more
heterogeneous populations. These findings suggest that the
ACB test could facilitate early identification of ACS in HF
patients, potentially enabling faster treatment and more
efficient triage in emergency settings.

Moreover, previous studies have indicated that patients
with HF undergo fewer coronary angiographies and revas-
cularization procedures. However, when complete revascu-
larization is achieved, outcomes are significantly improved,
with reductions in HF hospitalizations and cardiovascular
mortality [23]. Rapid and reliable differentiation of ACS
from HF-related symptoms is essential to enable appropri-
ate clinical interventions, such as early revascularization.
Incorporating the ACB test into early diagnostic workflows
could help identify high-risk patients who would benefit
from timely coronary angiography and targeted therapy;,
ultimately improving outcomes through prompt ischemia
management [22, 23].

It should be noted that this cohort was enrolled in 2014,
when a third-generation ¢TnT assay was in use. Although
high-sensitivity cardiac troponins (hs-cTn) are now the
diagnostic standard, their interpretation in HF remains
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problematic because chronically elevated baseline levels
can mask acute ischemia. In this setting, the ACB test-
capturing ischemia-driven albumin modification - could
serve as a complementary marker. Our results suggest
that ACB may be most useful in patients falling into the
“observe” zone of accelerated 0/1-h or 0/2-h hs-cTn al-
gorithms, and in HF patients with persistently elevated
hs-cTn where additional ischemic evidence is needed [24,
25, 26]. Comparable evidence from a Serbian chest-pain
cohort demonstrated that the HEART score achieved an
AUROC of 0.771 (sensitivity 89.2%, specificity 57.6%) for
detecting ischemic heart disease, underscoring the need
for adjunct biomarkers such as ACB to improve early ACS
detection in high-risk patients [27].

Taken together, the time-stable pathophysiology cap-
tured by ACB, the persistent interpretive limitations of hs-
cTn in HE and evidence that accelerated algorithms may
underperform in certain high-risk patients support the
continuing relevance of our results. Rather than proposing
ACB as a replacement, we highlight its potential role as a
complementary ischemia marker that deserves prospec-
tive validation within guideline-endorsed 0/1-h or 0/2-h
hs-cTn frameworks [7, 8, 25, 26].
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The limitations of this study must be acknowledged.
Small sample size and single-center design reduce gen-
eralizability. Restriction to patients within six hours of
symptom onset limits applicability to later presenters. No
head-to-head ROC analysis of cTnT vs. ACB prevents di-
rect comparative conclusions. Near-perfect ROC perfor-
mance may reflect optimism bias.

CONCLUSION

This study suggests that the albumin ACB test is a prom-
ising complementary biomarker for detecting ACS in HF
patients presenting with acute chest pain, based on data
collected in 2014 with third-generation troponin assays.
The test exhibited high sensitivity, specificity, and predic-
tive values. However, these findings should be interpreted
as preliminary, pilot-level evidence requiring validation
in larger multicenter studies embedded within guideline-
recommended hs-cTn diagnostic algorithms.
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TecT Be3nBarba aNbymnHa 33 KO6ANT y AWjarHOCTULM aKYTHOT KOPOHApPHOT
CMHAPOMA Kog, 601eCHMKa ca CpYaHOM MHCYdULMjeHLMujoM

Wnwja [parojesuh’, AnjaHa Mupuh', bojaHa Kucuh', Muupocnas Munowesuh', Jburbara Monosuh', Oparuwa Pawuh’,

bpatucnas bawwnh?

'YHuBep3utet y MpuwwTiHu — KocoBcka Mutposuua, MeguumHckn dakyntet, KocoBcka Mutposuua, Cpbuja;

23aB0f 32 3APABCTBEHY 3aLLTUTY CTyAeHaTa, Huw, Cpbuja

CAXETAK

YBoa/Llnm bonecHnum ca akyTHUM KOPOHaPHUM CUHAPOMOM
(AKC) n nctopujom cpuaHe nncyduuumjeruymje (CA) unHe no-
ce6Hy NoArpyny BYCOKOT pr3MKa Koja 3axTeBa KOHTUHYMPaHO
npahetbe 360r Behe CKNOHOCTY Ka KOMMIMKaLjama.

Ll oBe cTyauje 610 je Aa ce NPOLIEHN AnjarHOCTYKA TaYHOCT
TecTa Be3vBatba KobanTta 3a anbymumH (ACB TecT) y OTKpuBaky
AKC kop 6onecHuka ca CU Koju cy xocnuTann3oBaHu ca akyT-
HVIM 60710M Y rpyAMMa.

MeTtoge Y ncTpaxuBatbe Cy yKIbyuyeHr 6onecH1um ca 6onomy
rpyavmMa Koju je ykasmsao Ha AKC, a Koju cy MManu nosHaty uiv
HoBopwjarHocTmkoaHy CU. BonecHnum cy ctpatudukoBaHn y

DOI: https://doi.org/10.2298/SARH250923082D

rpyne ca C/ n AKC n ca CU 6e3 AKC. [lnjarHocTmuKa TayHOCT
ACB TecTa npoLetbeHa je CTaTUCTUYKOM aHaNn30M.
Pesyntatm Of yKynHo 71 60necHuKa, 26 je nmano AKC, Bok 45
Huje. BpegHocTn ACB TecTa 6une cy 3HauajHO BULLE y Fpyni ca
CW n AKC (p < 0,0001). ACB TecT je noka3ao NOBPLUNHY UCMOA,
ROC kpmBe og 0,99 (p < 0,0001), ca ceH3uTBHOWRY 1 cneym-
druHowhy op 96,15% u 100%, pegom. Mo3nTrBHa NPeaUKTUBHA
BpeAHOCT n3Hocmna je 100%, a HerateHa 97,8%.

3aksbyyak Pesyntati ykasyjy aa ACB Tect moxe nmatu ynory
KomniemMeHTapHor 6uomapkepa y npenosHasamy AKC Kog 60-
necHuka ca CW, anv ga He MoXe 3aMeHUTV TPOMOHVH.
KrmbyuHe peuu: TecT Be3uBatba anbymrHa 3a Kobant; cpuaHa
VHCYbVLMjeHUMja; aKyTHU KOPOHAPHU CUHAPOM
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SUMMARY

Introduction Recent advances in pathogenesis of neurodegenerative diseases have shown that inflam-
mation is a key factor of progression.

Methods The amyotrophic lateral sclerosis (ALS) group included 10 patients [mean age 55.1 £ 3.1 years
(C195%: 48-62.2)]. Whole-exome sequencing and immunophenotyping of CD34+ subsets in bone mar-
row (BM) cells were performed before the start of therapy (baseline) and six months later (follow-up). The
control group included 10 healthy donors, mean age was 39.9 + 3.9 years (Cl 95%: 31.2-48.6).

Results The peripheral blood stem cells (PBSCs) were collected after four-day granulocyte colony-stim-
ulating factor administration. The total mean number of collected CD34+ cells was 290.4 + 53.5 x 10°
(C195%: 177.6-403.3). Patients received fludarabine 25 mg/m?/day, on days one and two. To induce hema-
topoietic stem cell transdifferentiation the PBSCs were incubated with human placenta double-stranded
DNA fragments ex vivo and reinfused 48 hours post fludarabine. Clonal hematopoiesis of indeterminate
potential (CHIP) was detected in three cases (30%) before therapy. A significant increase CD34+CD13+ and
CD34+CD123+ hematopoietic stem cells (HSCs) in BM was detected. The CD34+CD44+ level significantly
decreased. Levels of CD34+CD7+, CD34+CD2+ and CD34+CD56+ showed a trend toward increased
mean value after treatment. In two cases CHIP disappeared, in one case a decrease in the allelic variant
frequency has been shown. The mean amyotrophic lateral sclerosis functional rating scale-revised score
did not change [39 + 0.6 points (Cl 95%: 37.6-40.4) vs. 40.4 £ 0.7 (Cl 95%: 38.8-42)].

Conclusion Our study is the first attempt to characterize the subsets of BM HSCs in ALS. They demon-
strate that BM is able to respond to immune-mediated neuroinflammation. Preliminary results indicate
a possible link between CHIP and ALS and point the way to eliminating aberrant clones.

Keywords: CD34 subsets; bone marrow; amyotrophic lateral sclerosis; clonal hematopoiesis of indeter-

minate potential; fludarabine

INTRODUCTION

Amyotrophic lateral sclerosis (ALS) is a pro-
gressive neurodegenerative disease affecting
primarily the motor system leading to paralysis
and death within 3-5 years after the onset of
symptoms. Most cases of classic ALS (~90%)
are identified as sporadic, with little genetic
contribution [1]. The identification of C9orf72
mutations in patients without a family history
and disease discordance in monozygotic twins
challenge the traditional binary classification
of the disease into familial and sporadic forms
and suggest a strong contribution of epigenetic
factors in ALS [2]. Sporadic ALS is clinically
indistinguishable from familial forms, raising
the possibility that the disease is caused by the
interaction of several genes and/or epigenetic
dysregulation of their function. Evidence is
provided by the fact that the major epigen-
etic differences arise in lymphocytes, skeletal
muscle and fat during the lifetime of mono-
zygotic twins [3]. Somatic mosaicism, that is,

the presence of several genetically different cell
clones in the same tissue, is an inevitable con-
sequence of human aging [4].

Somatic mutations also occur in hematopoi-
etic stem cells (HSCs), the offsprings of which
participate in immunopoiesis and give rise to
some neuroglial cells. The expanded blood cell
clones with mutations in driver genes and/or
genetic alterations in chromosomes have been
identified. This phenomenon is particularly
prevalent in the elderly and the greatest known
risk factor for ALS is aging [2, 4, 5, 6]. Some
recent works have attempted to trace the con-
nection between ALS and clonal hematopoiesis
of indeterminate potential (CHIP) [7].

Recent advances in pathogenesis of neurode-
generative diseases have shown that inflamma-
tion is not only a result of neurodegeneration,
but also a key factor in this process. Protein
aggregates, which are a very common patho-
logic phenomenon in neurodegeneration, are
now perceived rather as a consequence of the
immune system’s dysfunction in maintaining
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the genetic homeostasis of the body then as the cause of
the disease. Increasing evidence suggests that common
risk factors for neurodegenerative diseases may trigger an
inflammatory response, initiating and exacerbating dis-
ease progression. In addition, many genetic risk factors for
neurodegenerative diseases are associated with immunity.
The interleukin (IL) family, especially IL-1, IL-6 and IL-17,
plays a critical role in the pathogenesis of these diseases.
It has been shown that patients with ALS have a signifi-
cant decrease in Treg and FoxP3 protein expression. [7].
Moreover, the CD3, CD4, CD8 and CD3+CD56+ T cells,
natural killer (NK) cells, monocytes and neutrophils were
found to be increased in ALS patients and also associated
with disease progression. While higher levels of effector
CD4 T cells in both blood and cerebrospinal fluid (CSF)
were associated with decreased survival, an increased fre-
quency of activated regulatory T cells (Treg) in blood was
associated with improved survival [8].

It can be assumed that clonal disorders of hematopoiesis
at the level of a bone marrow (BM) stem cell that has ac-
quired a somatic mutation or chromosomal aberration play
an important role in the pathogenesis of neurodegenerative
diseases, and ALS in particular. The progeny of such as
HSCs acquires a clonal advantage, leading to their clonal
expansion, development of chronic immune-mediated
inflammation and disruption of the innate immune sys-
tem. The degree of nervous system damage, the variety of
clinical manifestations, the time of disease onset, and some
other phenomena may vary depending on the repertoire of
tissue somatic/germline mutations as well as the genes of
HSCs involved in the somatic mutation, their differentia-
tion, secreted cytokines and activated signaling pathways.
The role of BM hematopoietic cells in the development
and maintenance of immune-mediated inflammation and
demyelination was recently demonstrated in patients with
multiple sclerosis (MS) [9].

Planning this study, we hypothesized that since BM
is the central organ of hematopoiesis (both lympho- and
myelopoiesis), it may be possible to restart and correct
the abnormal immune response in ALS using minimal
immunomodulation and ex vivo transdifferentiated au-
tologous HSCs.

METHODS
Patients

The ALS group included 10 patients with confirmed dis-
ease (four men, six women), with a mean disease dura-
tion from the time of diagnosis 26.5 + 4 months (CI 95%:
17.5-35.6). The median age was 53.9 + 9.9 years (CI 95%:
28-47). The median ALS functional rating scale-revised
(ALSFRS-R) score was 39 + 0.6 points (CI 95%: 37.6-40.4).
The median Karnofsky score at the time of inclusion in the
study was 53 + 3 (CI 95%: 46-60). All patients underwent
BM puncture prior to therapy start in protocol. Whole-
exome sequencing and immunophenotyping of CD34+
subsets in BM cells were performed at the baseline in “a

‘ DOI: https://doi.org/10.2298/SARH250627086D
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steady state” before the administration of granulocyte col-
ony-stimulating factor (G-CSF) (baseline) and during the
first six months of follow-up, but not before three months
(follow-up). The control group included 10 BM donors
(seven men, three women), the median age of the donors
was 39.9 £ 3.9 years (CI 95%: 31.2-48.6, p = 0.07). Toxicity
of therapy was assessed by the National Cancer Institute
Common Terminology Criteria for Adverse Events version
5.0 (NCI CTCAE v5.0 scale).

Targeted gene panel sequencing

Targeted paired-end sequencing was performed on an
MGISEQ-G400 instrument (MGI Tech Co. Ltd., Shenzhen,
China) utilizing either Roche KAPA HyperExome (Roche
Holding AG, Basel, Switzerland) or Nanodigmbio NEXome
Plus Panel v1.0 (Nanodigmbio Pte. Ltd., Nanjing, China)
whole-exome panels to a median sequencing depth of
~100 x across sites. For the germline and somatic analy-
ses pipeline, the following software tools were employed:
BWAZ2 v2.2.1 (Intel Corp., Santa Clara, CA, USA) for
alignment to the human reference genome (GRch37),
Streammd v4.3.0 (QIMR Berghofer Medical Research
Institute, Herston, Australia) for marking and removal of
polymerase chain reaction (PCR) duplicates, Sambamba
v1.0.1 (Free Software Foundation, Inc., Boston, MA, USA)
for filtering mapped variants.

For the germline analysis pipeline, the following soft-
ware tools were employed: BWA2 v2.2.1 (Intel Corp.) for
alignment to the human reference genome (GRch37),
Streammd v4.3.0 (QIMR Berghofer Medical Research
Institute) for marking and removal of PCR duplicates,
Sambamba v1.0.1 (Free Software Foundation, Inc.) for fil-
tering mapped variants, Genome Analysis Toolkit (GATK)
Picard for quality control and mapping metrics assessment,
Google Deepvariant v1.6.1 for nucleotide substitution de-
tection, Bcftools v1.20 (Free Software Foundation, Inc.)
for variant filtering, and Ensembl Variant Effect Predictor
release 112 (Ensembl, Cambridge, UK) for variant annota-
tion.

The somatic analysis pipeline utilized several shared
tools including BWA2 v2.2.1 (Intel Corp.) for genome
alignment, Streammd v4.3.0 (QIMR Berghofer Medical
Research Institute) for PCR duplicate processing, and
Sambamba v1.0.1 (Free Software Foundation, Inc.) for
variant filtering. However, it diverged in using GATK
v4.4.0.0 for quality control and mapping metrics, GATK
Mutect 2 for nucleotide substitution identification, and
FINGS v1.7.2 for variant filtering, while maintaining
Ensembl Variant Effect Predictor release 112 (Ensembl)
for annotation.

The analysis focused on a panel of genes implicated
in relevant pathways, including ASXL1, ASXL2, BRCC3,
CBL, DNMT3A, ETNK1, GNAS, GNBI, IDH1, IDH2, JAK2,
KRAS, NRAS, PPM1D, SETBP1, SF3B1, SRSF2, TET2,
TP53, U2AF1, PTPN11, BCOR, BCORLI, UBA1, CTCF,
DNMTI1, DNMT3b, AKT1, MYD88, NLRP3, MTOR,
NANOG, OCT4, PTEN, and SOX2.
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BM immunophenotyping by flow cytometry

The analysis of CD34 subset was performed using multi-
color 5-6-parameter flow cytometry on a FACS CANTO
II flow cytometer (BD, Franklin Lakes, NJ, USA) as de-
scribed previously [10]. From 1,000,000 to 2,000,000 events
(all cells in the sample) were recorded from each sample
during flow cytometric analysis. Flow cytometry data
were evaluated using Kaluza Analysis software, version
3.1 (Beckman Coulter, Brea, CA, USA). Pluripotent cell
populations were characterized based on the combined
expression on CD34+ cells of the antigens CD45, CD44,
CD33, CD13, CD41, CD123, CD133, CD117, CD61,
CD10, CD19, CD2, CD7 and CD56.

The gating sequence for CD34 subpopulation analy-
sis was as follows: nucleated cells were identified based
on SYTOL16 expression in the side-angle scatter (SSC) vs.
SYTO16 parameters. Within SYTO-positive cells, a gate
was determined for CD34+ cells in the SSC vs. CD34 pa-
rameters. Next, expression of the antigens of interest was
assessed within nucleated SYTO+CD34+ cells. Internal
positive controls served as positivity controls. Each popu-
lation was assessed separately in the parameters — target
antigen (ordinate axis) vs. CD34 (abscissa axis).

Data analysis

Data on CDs were analyzed using the inverse variance
of the as the mean + SD, 95% confidence intervals (CI)
and p values. The Wilcoxon signed-rank for ALS baseline
vs. follow-up and t-test for donors vs. ALS baseline were
used. Significance was set at p < 0.05 and a CI 95%. The
data in the figures are presented as medians and degrees of
dispersion. Student’s t-test was used to compare continu-
ous variables. Statistical analyses were based on a database
snapshot taken on February 28, 2025, and performed using
SPSS for Windows, version 22.0 (IBM Corp., Armonk, NY,
USA). The primary endpoint was the change in the expres-
sion of the surface molecules in the CD34+ cell subpopula-
tion between baseline and follow-up. Secondary endpoints
included feasibility, changes in the CHIP allelic variant
frequency (VAF) (if available) and the ALSFRS-R score.

Ethics: All patients signed informed consent to partici-
pate in the study. The protocol was approved by Ethics
Committee at Far Eastern Federal University (Ne204-2023).

RESULTS

The patients received granulocyte colony-stimulating factor
(5 pug/kg/day) subcutaneously for four days. The periph-
eral blood mononuclear cells (PBMCs) were collected on
a Spectra Optia continuous flow separator (Terumo BCT
Inc., Lakewood, CO, USA). Patients received fludarabine
25 mg/m?/day, on days one and two (SD = 50 mg/m?). The
dose of fludarabine was selected to ensure lymphodeple-
tion and effects on memory T cells while minimizing side
effects. Previously harvested CD34+ cells were reinfused

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):575-583

intravenously 48 hours after immunomodulatory therapy af-
ter ex vivo. incubation with human placenta double-strand-
ed DNA fragments (Panagen®, Panagen LLC, Millersville,
PA, USA) to induce HSC proliferation. Details of the clinical
study protocol of Panagen® and its mechanism of action on
a hematopoietic stem cell can be found in [11].

Two patients (20%) experienced transient increasing
sensation of weakness and difficulty breathing during fil-
grastim administration. None of the patients experienced >
grade 1 NCI CTCAE v5.0 toxicity during fludarabine ther-
apy. The mean reinfusion dose was 2 + 0.3 x 10° CD34+/kg
(CI195%: 1.3-2.6). Median follow-up from the start of the
therapy to control workup was 5 = 1 months (CI 95%:
4.6-6). The mean ALSFRS-R score at the time of control
workup was 40.4 + 0.7 (CI 95%: 38.8-42), p > 0.05.

Somatic mutations were detected in three patients
(30%) before therapy. After therapy, somatic mutations
were not detected in two patients. A decrease in VAF was
observed in one case (Table 1). No somatic mutations were
detected in the donors.

No significant differences were found between CD34-
subsets in healthy donors and ALS patients at baseline
examination (Table 2).

Despite the fact that the number of CD34+ HSCs in
the BM of ALS patients before and after therapy was not

Table 1. Dynamics of somatic mutations in patients with amyotrophic
lateral sclerosis during therapy

Somatic mutation in bone marrow
. Age |(gene, dbSNP, VAF (%))
Patients (years) After therapy
Before therapy (baseline) (Follow-up)
DNMT3A
0 '
#1 66.6 | DNMT3A,rs151168784, 6.6% rs151168784, 3.9%
#2 45,5 | PTEN, rs35632884, 6.4% Not detected
ASXLT,rs2011586997, 3%
#3 54,6 | ASXL1,rs2145387839,2.4% | Not detected
CBL, rs886041500, 3%

dbSNP - database of single nucleotide polymorphisms; VAF - variant allele
frequency

Table 2. Subsets of CD34+ cells in bone marrow of amyotrophic lateral
sclerosis (ALS) patients before treatment compared to healthy donors

Subsets Healthy donors, % | ALS, baseline, % o
(mean + SD) (mean + SD)

CD34+ 0.9+£0.09 0.78 £0.11
CD34+CD38+ 81.9x44 67.6+6.7
CD34+CD13+ 71.8+4.2 63.7 £3.7
CD34+CD33+ 48.1 £ 8.6 477 +7.7

CD34+CD2+ 59109 52+13
CD34+CD7+ 2711 32+1.2
CD34+CD10+ 213%3 10.9+£3.9
CD34+CD19+ 17.6+33 13.5+4.1
CD34+CD90+ 295147 28.0+5.7

CD34+CD56+ 28+18 33+ 1.1 > 005
CD34+CD123+ 229+8.6 6.4 +0.95
CD34+CD133+ 66.0 £ 3 60.2+5.2
CD34+CD41+ 6.4+0.7 56+1.7
CD34+CD44+ 529+9.2 62.6+£7.6
CD34+CD61+ 55+£1.5 43+1
CD34+CD117+ 76.6 £ 1.8 80.0 £3.2
CD34+HLA-DR 90.5+3.7 81.7+3
CD34+CD45low 88623 914+16

SD - standard deviation; HLA — human leukocyte antigen
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Figure 1. Core paired changes in bone-marrow CD34+ subsets
in amyotrophic lateral sclerosis (ALS) after immunomodulatory
therapy; healthy donors (n = 10), ALS baseline (n = 10), ALS fol-
low-up - follow-up (n = 10); for ALS, paired data are shown with
lines linking baseline to follow-up; donors serve as an unpaired
reference; Y-axis shows the percentage of CD34+ bone marrow
cells co-expressing the indicated marker (gated on live singlet
CD45+CD34+; positivity defined by fluorescence minus one con-
trols); boxes indicate median and interquartile range: whiskers
the 5th-95th percentiles; outliers as open circles; within-patient
comparisons used paired tests: donors vs. ALS used unpaired tests

significantly different (0.9% =+ 0.09% (CI 95%: 0.7-1.1) and
0.78% + 0.11% (CI 95%: 0.53-1), respectively), the level
of CD34+ cells after therapy (follow-up) approached the
values of healthy donors (Figure 1A). A significant increase
in the number of CD34+CD13+ and CD34+CD123+ HSCs
was detected after the reinfusion of transdifferentiated
CD34+ HSCs [63.7 £ 0.9 (CI 95%: 55.3-72) vs. 78.1 + 2.6
(CI 95%: 72.2-84.1) and 6.4 = 0.9 (CI 95%: 4.2-8.5) vs.
23.4+ 7.1 (CI 95%: 7.4-39.4) at baseline and follow-up, re-
spectively]. The level of CD34+CD44+ in BM significantly
decreased from [62.6 = 7.6 (CI 95%: 45.4-79.7) to 34 £ 9.5

‘ Ball: https://doi.org/10.2298/SARH250627086D

(CI95%: 12.4-55.5) at baseline and follow-up, respective-
ly]. There was a trend towards a decrease in surface expres-
sion level of class IT (human leukocyte antigen) molecules
on CD34+ in ALS patients before the start of therapy with
its subsequent recovery [81.7 £ 3 (CI 95%: 75.0-88.4) vs.
89.5 + 8.4 (CI 95%: 83.5-95.5) at baseline and follow-up,
respectively] (Figure 1B-1E). Levels of lymphoid-leaning
CD34+CD2+ and CD34+CD56+, but not CD34+CD7+,
showed a trend toward increased mean value and wid-
ened confidence intervals compared with the values before
treatment (baseline), although they did not reach statistical
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Figure 2. Lymphoid-leaning CD34+ subsets in bone-marrow
in amyotrophic lateral sclerosis (ALS) after immunomodulatory
therapy; healthy donors (n = 10), ALS baseline (n = 10), ALS fol-
low-up - follow-up (n = 10); for ALS, paired data are shown with
lines linking baseline to follow-up; donors serve as an unpaired
reference; Y-axis shows the percentage of CD34+ bone marrow
cells co-expressing the indicated marker (gated on live singlet
CD45+CD34+; positivity defined by fluorescence minus one con-
trols); boxes indicate median and interquartile range: whiskers
the 5th-95th percentiles; outliers as open circles; within-patient
comparisons used paired tests: donors vs. ALS used unpaired tests

significance [5.3 £ 1.3 (CI 95%: 2.3-8.1) vs. 8.2 + 1.2 (CI
95%: 5.6-10.8), 3.3 + 1.1 (C195%: 0.7-5.8) vs. 7.7 £ 3.4 (CI
95%: 0.03-15.4), 3.2 + 1.2 (CI 95%: 0.5-5.9) vs. 2.5 £ 0.6
(CI95%: 1.2-3.8) at baseline and follow-up, respectively]
(Figure 2F-2H). A trend towards a decrease in the level
of early B-lymphocyte precursors (CD34+CD10+) in ALS
patients was revealed at baseline. At follow-up, there was
a tendency to restore the level of CD34+CD10+ with a
decrease in the level of later precursors (CD34+CD19+),
which is probably associated with the effect of fludarabine
on B-lymphocytes [10.9 + 3.9 (CI 95%: 2.1-19.8) vs. 17.2
+ 4.5 (C195%: 7.0-27.4) and 13.5 + 4.1 (CI 95%: 4.2-22.7)
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vs. 12.1 £ 4.3 (CI 95%: 2.5-21.8) at baseline and follow-
up, respectively] (Figure 21 and 2J). The mean values of
myeloid-leaning markers, particularly CD34+CD117+,
CD34+CD90+ CD34+CD133+, CD34+CD33+ and
CD34+CD38+ did not undergo significant changes and
was defined as [80 + 3.2 (CI 95%: 72.6-87.1) vs. 70.8 £ 8.1
(C195%: 52.6-89.1),28 + 5.7 (C1 95%: 15.1-41) vs.21.8 +
3.0 (CI95%: 15-28.6), 60.2 + 5.2 (CI 95%: 48.4-72) vs. 62.0
+ 4.2 (CI 95%: 52.6-71.5),47.7 £ 7.7 (CI 95%: 30.2-65.1)
vs.53.1 £ 3.4 (CI 95%: 45.5-60.8) and 67.6 £ 6.7 (CI 95%:
52.2-82.6) vs. 73.0 = 5 (CI 95%: 61.6-84.6) at baseline and
follow-up, respectively] (Figure 3K-30).
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Figure 3. Myeloid-leaning CD34+ subsets in bone-marrow in
amyotrophic lateral sclerosis (ALS) afterimmunomodulatory ther-
apy; healthy donors (n = 10), ALS baseline (n = 10), ALS follow-up
(n=10); for ALS, paired data are shown with lines linking baseline
to follow-up; donors serve as an unpaired reference; Y-axis shows
the percentage of CD34+ bone marrow cells co-expressing the
indicated marker (gated on live singlet CD45+CD34+; positivity
defined by fluorescence minus one controls); boxes indicate me-
dian and interquartile range: whiskers the 5th-95th percentiles;
outliers as open circles; within-patient comparisons used paired
tests: donors vs. ALS used unpaired tests

DISCUSSION

Uncontrolled or prolonged neuroinflammation is po-
tentially harmful resulting in cellular damage and exac-
erbates the severity of neurodegenerative diseases such
as Parkinson’s disease, MS and ALS [12, 13]. This is par-
ticularly relevant to neurodegenerative diseases, which are
typified by evidence of microglial activation and pro-in-
flammatory cytokine’s oversecreting [7, 14]. Growing evi-
dence suggests that, in addition to microglia, several other
subsets of innate immune cells, including macrophages,

‘ Ball: https://doi.org/10.2298/SARH250627086D

monocytes, neutrophils, NK cells, and T cells are involved
in the pathogenesis of ALS [8, 15]. Evidence has been pro-
vided that the overexpression of inflammatory cytokines
such as tumor necrosis factor a (TNF-a), IL-1f, IL-2, IL-6,
and IL-8 in blood, CSE and spinal cord tissues are elevated
in ALS patients relative to healthy donors [16].

Only single publications have focused on the role of
BM as a contributing factor in the spread of neuroinflam-
mation and autoimmune damage [9, 17]. In our study,
we found no significant differences in BM CD34+ cell
subsets in ALS patients compared to donors. However,
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after immunomodulatory therapy there was a significant
increase in the CD34+CD13+ and CD34+CD123+ and
a decrease in the cells expressing CD34+CD44+ in the
patient’s BM (Figure 1B-1D).

In BM, the expression of CD123, the alpha chain of IL-3
receptor, is limited to a sub-population of normal stem
cells and few lymphoid progenitors. CD123-expressing
progenitor cells have increased resistance to apoptosis and
high proliferative activity [18]. In humans, IL-3 promotes
the activation of plasmacytoid dendritic cells, which are
involved in the maintenance of T-cell tolerance [19]. IL-3
suppresses Th17 differentiation and enhances differentia-
tion towards Th2 lymphocytes. In addition, IL-3 promotes
the differentiation of naive CD4+CD45RA+ T cells into
CD3+CD4+CD25+CD127- regulatory T cells and promote
the migration of regulatory T cells by changing in kinase
phosphorylation and actin cytoskeleton structure [20]. In
Alzheimer’s disease (AD), IL3Ra expression in postmor-
tem brain samples is elevated in frontal cortex tissues and
correlates with both disease duration and -amyloid (AB)
levels. Exposure to IL-3 mediated by CD123+ induces
transcriptional, morphological, and functional reprogram-
ming of microglia, endowing them with an acute immune
response program, increased motility and the ability to
cluster and clear A and tau aggregates [21]. On the other
hand, in MS, CD123 is expressed mainly by microglia and
recruited myeloid cells in the spinal cord, leading to in-
filtration by immune cells, increasing the severity of MS
[22]. Thus, this discrepancy between AD and MS indicates
a dual role of IL-3 in CNS inflammation, when the same
mechanism (reprogramming of IL-3R+ myeloid cells) leads
to two different consequences (favorable in AD and det-
rimental in MS).

The transmembrane aminopeptidase CD13 is highly
expressed in myeloid lineage cells, hematopoietic progeni-
tors, and stem cells. The CD34+CD13+ subset is found
in donor BM and cord blood, reflecting an early stage of
human myeloid cell differentiation. The CD13 expression
on CD34+ cells precede CD33 expression and is associated
with early hematopoietic cells, in the absence of lineage-
associated markers [23]. In our observations, BM cells
showed no increase in expression of CD117, CD90 and
CD133 as well as CD33 and CD38 (Figure 3H-30).

The adhesion molecule CD44 and its major ligand,
hyaluronic acid, play an important role in the migration
of normal CD34+ cells [23]. Interestingly that G-CSF-
mediated mobilization of stem cells into the peripheral
bloodstream results in increased expression of matrix me-
talloproteinases to which CD13 belongs. As a result, cleav-
age is activated and CD44 level on BM cells decreases [24,
25]. Our study also demonstrated a negative correlation
between the levels of CD34+CD13+ and CD34+CD44+,
which may indicate the mobilization of progenitor cells
with a certain immunophenotype (probably not expressing
CD13) into blood. The detected challenges in the BM may
indicate that transfused transdifferentiated ex vivo CD34+
HSCs managed to startle out of “steady state” and to start
the processes of linear differentiation. We believe that the
use of fludarabine and G-CSF were not able to alter BM
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adhesion molecules (e.g., CD44) due to the fact that the
follow-up was carried out for at least five months, which
significantly exceeds the period of action of the above-
mentioned drugs.

Little is known about the link between CHIP and the
risk of neurodegenerative diseases. A recent study found
an increased risk of neurodegenerative diseases in patients
with DNMT3A-mutant CHIP, ASXL1-mutant CHIP, or
SRSF2-mutant CHIP [26]. However, this association does
not appear to be unidirectional. Bouzid et al. [27] revealed
the causal role for CHIP in reducing AD dementia risk.

Detection of somatic mutations was not the main aim
of our study. However, CHIP was detected in three out of
10 ALS patients. After mild immunomodulatory therapy
and reinfusion of transdifferentiated autologous CD34+
cells, the mutated clone in the BM fell below detection at
the applied coverage. This finding requires a larger patient
cohort, a longer follow-up period and the use of NGS tech-
nology with high coverage and error correction.

We hypothesized that ex vivo manipulated quiescent
HSCs may result in restoring a loss of clonal diversity
in the entire blood system. It is possible that CHIP was
not eliminated, but a reduction in VAF of somatic mu-
tant clones below their detection level at x 100 coverage
was achieved. Nevertheless, our data give new look at the
problem of controlling unwanted cell clones in BM and
peripheral blood to reduce chronic systemic inflammation.
Nevertheless, our data provide new insights into the chal-
lenge of targeting unwanted cell clones in BM and periph-
eral blood to reduce chronic systemic inflammation. We
have initiated a clinical protocol in ALS patients involving
ex vivo reinfusion of manipulated autologous CD34+ cells
after repeated courses of fludarabine and tocilizumab. The
new targeted gene sequencing panel with a higher coverage
(x 2000) will provide more information on CHIP dynamics
under treatment.

Our hypothesis-generating study has limitations. First,
this was a preliminary study investigating the relationship
between the CD34+ subsets, CHIP, and the clinical course
of ALS; therefore, a power calculation for the sample size
was not performed. Consequently, the statistical power
may have been insufficient to detect the influence of these
factors on therapy outcomes and laboratory findings.
Second, the small sample size did not allow us to exclude
the random nature of the data obtained in the follow-up
period. Third, immune cell subsets were not assessed si-
multaneously in peripheral blood and, for obvious reasons,
in brain and spinal cord tissue.

CONCLUSION

Our study is the first attempt to characterize the subsets of
BM HSCs in ALS patients and to reveal changes in their
follow-up patterns under the immunomodulatory therapy.
Our results have clinical significance, although they are
limited and preliminary. First, they demonstrate that BM is
one of the organs responding to immune-mediated neuro-
inflammation. Second, the issue of whether the abnormal
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immune response leading to neurodegeneration can be
restarted and corrected is raised. In addition, preliminary
results indicate a possible link between CHIP and ALS and
point the way to eliminating aberrant clones.

Author contributions: Kovalenko NI, Bryukhovetsky
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CAMETAK

YBop CaBpemeHa ca3Hama O maToreHesn HeypoaereHepaTyB-
HUX 6ONIeCTV yKa3yjy Ha To [1a je MHpamaLwja KibyuHr Gpaktop
HbUXOBE Nporpecuje.

Mertope pyna ca aMmnoTpodnyHOM naTepasHoOM CKIEPO30M
obyxBatuna je 10 6onecHuKa [mpoceyHa ctapocT 55,1 + 3,1 ro-
aunHa (Cl 95%: 48-62,2)]. CekBeHLMpatbe Lienor ersoma 1 nmy-
HodeHoTunr3auwnja CD34+ cybrnonynaLuja y KOLTaHOj CPXK
006aB/beHN Cy Npe Tepanuje 1 nocse Wwect meceum. KoHTpos-
Hy rpyny je unHuno 10 3gpaBux AOHOPA, MPOCEYHE CTapOCTy
39,9 + 3,9 roguHa (Cl 95%: 31,2-48,6).

Pe3yntatu MatnuyHe henuje nepudepHe KpBr NpUKyrbaHe cy
nocile YeTBOPOAHEBHE NpUMeHe GpakTopa CTUMYaLije KOIOHM-
ja rpanynouuta. MpoceyaH 6poj fobujeHnx CD34+ henunja 6uo
je290,4 + 53,5 x 10° (CI 95%: 177,6-403,3). BonecHuum cy npu-
manu dnyaapabuH y 1031 of 25 mg/m’ HEBHO, NPBOT 1 ApYror
faHa. Pagu nHpyKoBarba TpaHCAndepeHLUmjaLyje xemaTonoeT-
CKMX MaTnyHKx henuja, matnyHe henuje neprdepHe Kpau cy
MHKybupaHe ex vivo ca dparmeHTrMa ABonaHuaHe IHK rbyacke
nnatieHTe 1 penHpyHaoBaHe 48 catyi nocne nprmeHe dpnyaapa-
6uHa. KnoHanHa xematonoesa HeofipeheHor noteHymjana ae-
TEKTOBaHa je y Tpu ciyyaja (30%) npe Tepanuje. 3abenexeHo je
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3HauajHo noBehawe CD34+CD13+ 1 CD34+CD123+ xematono-
eTCKMX MaTn4HuX henuja y kowwTaHoj cpxu. Hueon CD34+CD44+
henuja 3HauajHo cy cmarbeHn. Hueow CD34+CD7+, CD34+CD2+
1 CD34+CD56+ nokasanu Cy TpeHA nopacta NpoCeYHUX Bpea-
HOCTW Nocsie TpeTMaHa. Y ABa cilyyaja, KNnoHanHa xemaTtonoesa
HeogpeheHor NoTeHLMjana je HecTana, AOK je Y jeAHOM Clyyajy
nprmeheHo cMakbere yuyecTanocTy BapujaHTHor anena. Mpoce-
yaH pe3ynTat PeBuavpaHe GpyHKLMOHaNHe CKane 3a aMnoTpo-
buUyHy natepanHy cknepo3y ocTao je HenpomeneH [39 £ 0,6
noeHa (C/95%: 37,6-40,4) Hacnpam 40,4 + 0,7 (C/ 95%: 38,8-42)].
3aKksbyyak Halwa cTyavja npefcrtas/ba NpBY NOKYLIAj Kapak-
Tepu3aumje cybnonynawuja XeMaTonoeTckux MaTuyHvx henu-
ja KolTaHe CcpXu Kof aMMOTPodrYHe natepasnHe cKinepose.
Pe3yntatii nokasyjy cnocobHOCT KoLUTaHe CpxM fja pearyje Ha
VIMYHOJOLLKIN NOoCpefoBaHy HeypouHdnamauujy. Npenumn-
HapHW pe3ynTaTi yKasyjy Ha moryhy Be3y namehy KnoHanHe
xematonoese HeogpeheHor noTeHyMjana 1 aMmoTpoduryHe
naTtepasHe cknepo3se, otBapajyhu nyT ka enMummHaLumjy abe-
PaHTHUX KNOHOBA.

KmyuHe peun: CD34 cybnonynauuje; KowTaHa Cp>; aM1oTpo-
dryHa naTepanHa cKkneposa; KnoHaHa xemaTonoesa Heoape-
heHor noteHuwjana; dbnynapabuH
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SUMMARY

Introduction/Objective There are no reliable tumor markers for non-invasive detection of bladder
cancer and monitoring patients after treatment. The role of mast cells in oncogenesis is still unknown.
Methods Our study is an open, longitudinal, prospective follow-up study conducted over six months
after surgical treatment of bladder cancer, with preoperative sampling of the first morning urine sample
to determine the histamine concentration level. The research included 60 patients of both sexes, aged
> 18 years, with the first presentation of a non-muscle invasive bladder cancer. Patients in the study
underwent follow-up control urethrocystoscopy postoperatively. The concentration of mast cells in
tumor tissue was specified.

Results The study included 35 (58.3%) men and 25 (41.7%) women with an average age of 70.15 + 9.38
years. The mean urinary histamine levels before surgery in patients with non-muscle-invasive bladder
cancer were 11.06 + 5.79 ng/mL. The mean urinary histamine levels before surgery (t = 2.46; p = 0.02)
and six months after surgery (t = 2.34; p = 0.02) in patients with T1 stage were statistically significantly
higher than the urinary histamine levels in patients with Ta stage of urothelial bladder cancer. Patients
with higher histamine concentration in urine before surgery had a higher number of mast cells.
Conclusion The mean urinary histamine value before surgery, three, and six months after surgery is
statistically significantly lower than the reference urinary histamine values. The urinary histamine values
in patients with T1 stage are higher than in patients with Ta stage. Statistically significant correlation
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between mast cell concentration and histamine was determined before surgery.
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INTRODUCTION

Urothelial bladder cancer is a complex disease
characterized by high morbidity and mortality
rates despite complex multimodal treatment.
The survival of patients with bladder cancer
has not significantly increased, and there is still
a high rate of tumor recurrence and significant
impairment of quality of life [1, 2, 3].
Epidemiologically, bladder cancer is the
most common malignant disease of the uri-
nary tract in both sexes [1, 2]. The incidence
of bladder cancer is estimated to double by
2040 [1, 2]. In the male population only,
bladder cancer is the seventh among the to-
tal number of malignant tumors diagnosed
worldwide, while in the female population,
it ranks 17th globally [2-5]. Among newly
detected bladder tumors, 70-75% are non-
muscle-invasive, while the remaining 20-25%
are muscle-invasive urothelial carcinoma [1,
4]. When considering only the non-muscle-
invasive form, about 70% are stage Ta tumors,
20% are stage T1 carcinomas, and 10% are

intraepithelial neoplasia or carcinoma in situ
(CIS) [1, 3, 4].

Although bladder cancer is one of the most
common malignant diseases in the human pop-
ulation, there is no reliable tumor marker that
would enable early and non-invasive detection
and would be applied in monitoring patients
after treatment [6, 7].

The results of published research about the
role of mast cells in oncogenesis and the bi-
ology of malignant tumors are contradictory,
especially in urogenital cancers [8-18]. Data in-
dicate that increased mast cell concentrations in
tumor tissue are associated with poor prognosis
in rectal cancer, melanoma, non-small cell lung
cancer, endometrial cancer, multiple myeloma,
and Hodgkin lymphoma [6, 7, 9, 10, 15]. At
the same time, increased mast cell concentra-
tions in tumors are associated with improved
survival in breast cancer, advanced non-small
cell lung cancer, and ovarian cancer [8, 9, 15].
In certain malignant tumors, mast cells occur
in higher concentrations within the tumor tis-
sue [14], while in other tumors they occur in
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higher concentrations in the peritumoral tissue [15]. Mast
cells are instrumental in immune response and are one of
the main sources of histamine [19, 20]. By secreting pro-
angiogenic molecules, mast cells also play an important
role in angiogenesis [5, 6, 7].

METHODS

This study is an open, longitudinal, prospective follow-up
conducted over six months following transurethral resec-
tion of the bladder tumor by monopolar resectoscope at
the Urology Department of the University Clinical Center
of Vojvodina in Novi Sad. The study was conducted from
December 1, 2023 to November 1, 2024.

Our research included 60 patients of both sexes, aged >
18 years, with the first presentation of a non-muscle inva-
sive form of urothelial bladder cancer. Preoperative collec-
tion of first-morning urine samples was done in order to
determine histamine concentration. Patients included in
the study were followed up with control urethrocystoscopy
three months and six months postoperatively. Before the
control urethrocystoscopy, urine samples were collected by
spontaneous voiding of the first-morning urine.

The study did not include patients with recurrent blad-
der tumors, patients with other previously diagnosed ma-
lignancy, patients with other concomitant malignancies, as
well as patients with allergic or autoimmune diseases and
idiopathic mast cell activation syndrome. Individuals re-
ceiving antihistamine and/or mast cell stabilizer therapy at
the time of enrollment, or within the preceding six months,
were excluded from the study.

Patients with pathologically confirmed T2-T4 stage of
the disease were excluded from the study, as well those
in whom the final pathological examination established
the absence of urothelial carcinoma. Patients who did not
provide all three planned urine samples were also excluded
from the study.

The histological examination of surgically removed
tumor tissue included tissue fragments fixed in formalin,
molded into paraffin molds and stained with the standard
hematoxylin and eosin method. Two additional slides were
made, of which, special May-Griinwald Giemsa (MGG)
straining was applied to one slide, while immunohisto-
chemical staining (IHC) with the primary monoclonal
antibody monocarboxylate transporters (MCT) was per-
formed on the other with the aim of visualizing mast cells
in the tumor tissue. Before applying additional stains, a
representative paraffin block was selected, and in the case
of immunohistochemical analysis, tissue preparation for
IHC was performed. After automatic deparaffinization of
the bladder tumor sample, the following was done: auto-
mated special MGG staining on plate 1 and automated IHC
with the monoclonal antibody mast cell tryptase- MCT
(monoclonal mouse anti-human clone 10D11, dilution:
1/80, Novocastra Laboratories, Newcastle upon Tyne,
United Kingdom) on plate 2. Positive MCT expression
represented cytoplasmic staining of tumor cells of any
staining intensity. On photographs of 10 fields of view, at
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400 x magnification, the surface numerical density of mast
cells was analyzed using the Fiji software (Image], LOCI,
University of Wisconsin, Madison, WI, USA) program and
the Cell Counter function. The mean value was calculated
from the number of mast cells per high power field.

To determine urinary histamine concentration, an im-
munodiagnostic antigens assay (Histamine ELISA, Abcam,
Cambridge, United Kingdom) was used. An amount of 10-
15 ml of the first-morning urine sample was diluted with
reaction buffer in a 1:15 ratio. Then 75 pL of derivatiza-
tion agent were added to the tube and mixed by repeated
inversions. This was followed by a one-hour incubation
at room temperature (15-30°C) in a horizontal shaker.
After that, 50 pL of histamine antibodies were added and
incubated for one hour at room temperature (15-30°C)
in a horizontal shaker. The microtiter plate was washed
with wash buffer, substrate was added, and incubated for
12-19 minutes at room temperature in the dark. A stop
solution was added and the absorbance was immediately
determined with an ELISA reader at 450 nm. The obtained
histamine concentration values were multiplied by a dilu-
tion factor of 15 and expressed in ng/ml. The reference
value of histamine in urine is 0.67 ng/ml with a standard
derivative of 0.18 ng/ml. The histamine value from the
stated unit can be converted to nmol/l using the following
formula: histamine (ng/ml) x 8.997 = histamine (nmol/I).

Statistical analysis

Continuous variables were presented as mean * SD, and
differences between groups were analyzed using the stu-
dent t-test (t) / Mann-Whitney (U). A value of p < 0.05
was considered statistically significant. Categorical vari-
ables were presented as counts and percentages. Non-
parametrically distributed continuous variables were pre-
sented using the median, minimum, and maximum values.
The relationship between urinary histamine concentration
and cancer recurrence was examined using Fisher’s exact
test. All statistical analyses were performed using SPSS
Statistics for Windows, Version 17.0. (SPSS Inc., Chicago,
IL, USA).

Ethics: All patients provided written consent prior to their
enrollment in the study. The treatment protocol was ap-
proved by the Ethics Committee of the University Clinical
Centre of Vojvodina (November 16, 2023; No. 600-235).
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki of the World Medical
Association.

RESULTS

The study included 35 (58.3%) men and 25 (41.7%) women
with an average age of 70.15 + 9.38 years. The average age
of the male population was 70.94 years and 69.04 years
in female population. An average age of the subjects with
Ta stage tumors was 68.87 years, while the average age of
the subjects with T1 stage was 72.28 years. Intravesical
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Table 1. Demographic and pathohistological characteristics, therapy
and recurrence of urothelial bladder carcinoma

Popov M. et al.

Table 3. Prevalence of pT stage of urothelial bladder carcinoma de-
pending on different variables

Parameters Frequency | Percentage (%) . pT Stage
Variables p
Sex T1 Ta
Male 35 58.3 15 20
Male
Female 25 41.7 71.4% 51.3%
Sex 0.17
Type of bladder cancer Fernale 6 19
Infiltrative urothelial carcinoma 14 233 28.6% 48.7%
Papillary urothelial carcinoma 46 76.7 Yes 15 14
Grade ) 71.4% 35.9%
High grade 36 60 Bacillus Calmette- 6 25 0.01*
Guérin therapy
Low grade 24 40 No 28.6% 64.1%
Stage 66.7% 28.2%
pT1 21 35 1 2
Yes
pTa 39 65 ) ) 4.8% 5.1%
- Mitomycin C 0.99
Macroscopic appearance of the tumor No 20 37
Polypoid 23 38.3 95.2% 94.9%
Papillary 37 61.7 1 2
Yes
Tumor base 4.8% 5.1%
- Relapse 0.99
Wide 25 41.7 No 20 37
Narrow 35 58.3 95.2% 94.9%
Intravesical BCG therapy *p < 0.05
Yes 29 48.3
N 31 517 Table 4. Incidence of bladder cancer recurrence depending on the
° . urinary histamine concentration
Mit: in Cth
itomycin erapy ) ) . Relapse
Yes 3 5 Histamine concentration p
N = 95 Yes No
Rol Lower 3 34
Sl . 100% | 59.6%
Yes 3 5 Before operation 0 % 0.28
Higher
No >’ = 9 0% | 404%
BCG - Bacillus Calmette-Guérin therapy 3 52
Lower
Three months after 100% 91.2% 0.98
. . . operation ) 0 5 ’
Bacillus Calmette-Guérin (BCG) therapy was received Higher 0o 8.8%
0 . (]
by 29 (48.3%) patients, while therapy with Mitomycin C 3 5
was received by only three (5%) patients. Only three (5% Lower
. Y Y (5%) b Y (5%) Six months after 100% 80.7%
patients had a recurrence of bladder cancer (Table 1). operation 0 I 0.98
The mean urinary histamine levels in patients with Higher 0% 19.3%

Ta and T1 stage are shown in Table 2. The reference uri-
nary histamine levels are 13 + 4 ng/ml (range 5-21 ng/
ml). The mean urinary histamine levels before surgery
(t=-2.59; p = 0.01), three months (t = -9.26; p < 0.001)
and six months (t = -5.65; p < 0.001) after surgery were
statistically significantly lower than the reference values.
The mean urinary histamine levels before surgery (t = 2.46;
p = 0.02) and six months after surgery (t = 2.34; p = 0.02)
in patients with T'1 stage were statistically significantly
higher than the urinary histamine levels in patients with

Ta stage of urothelial bladder cancer. The mean age and
mast cell count were not statistically significantly different
between T'1 and Ta stages (Table 2).

A statistically significant weak correlation between
mast cell concentration and histamine was found only in
the preoperative period (r = 0.35; p = 0.01). With each
increased in histamine concentration (not exceeding the
reference values), the concentration of mast cells in bladder

Table 2. Age, urinary histamine concentration, and intratumoral mast cell density in patients with different stages of urothelial bladder cancer

pT stage Student t-test
Variables T1 Ta (t) / Mann-Whitney p
X SD X SD test (U)
Age (years) 72.29 7.29 69.00 10.23 1.30 0.19
Histamine before surgery (ng/ml) 13.47 4.63 9.77 5.99 2.46 0.02*
Histamine - three months after (ng/ml) 7.79 4.66 7.44 4.54 0.29 0.77
Histamine - six months after (ng/ml) 11.38 5.85 8.41 3.95 2.34 0.02*
Mast cell density (number/um?) 0.07255 0.02344 0.06256 0.02586 359.50 0.29

*p < 0.05
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Table 5. Urinary histamine concentration and intratumoral mast cell density depending on implemented

age of Ta and T1 stage groups.
intravesical Bacillus Calmette-Guérin (BCR) therapy

Literature data indicate that

. EEE DY Student t-test older patients are more likely
Pkl 5 - o WPEE% rf :322;_(“) P to develop high-grade tumors
X b X b and multifocal disease with a

Histamine before operation (ng/ml) 12.07 5.27 10.11 6.18 1.32 0.19

higher rate of recurrence and

Histamine — three months (ng/ml) 6.89 4.29 8.19 475 -1.12 0.27 . .
disease progression compared
Histamine - six months (ng/ml) 10.15 5.09 8.79 4.64 -1.07 0.28
, to those younger than 65 years
Mast cell density (number/um?) 0.06537 |0.02445 | 0.06669 |0.02645 260.50 0.58

cancer tissue also increases. There was no statistically sig-
nificant correlation between mast cell concentration and
histamine concentration three and six months after surgery
(Table 4).

The use of BSG therapy was statistically significantly
associated with the stage of the disease (Fisher’s exact
test = 6.90; p = 0.01) with a weak correlation coefficient
(¢ = 0.34; p = 0.01). Patients who received BCG therapy
were more often in the pT1 stage. No statistically signifi-
cant association was found between sex, use of Mitomycin
C, and the recurrence with the pT stage of bladder cancer
(Table 3).

Histamine concentrations in urine during the exami-
nation were divided according to the mean values: lower
histamine values (< 13 + 4 ng/ml) and higher histamine
values (= 13 + 4 ng/ml). Histamine concentrations before
surgery (Fisher’s exact test = 1.96; p = 0.28), three months
after surgery (Fisher’s exact test = 0.28; p = 0.98) and six
months after surgery (Fisher’s exact test = 0.71 p = 0.98)
were not statistically associated with bladder cancer recur-
rence (Table 4).

Comparing the concentration of histamine in urine
before surgery, three and six months after surgery, as well
as the number of mast cells in patients with and without
BCG therapy, no statistically significant differences were
found (Table 5).

DISCUSSION

Considering the prevalence and incidence of urothelial
bladder cancer worldwide [1, 2], our research is dedicated
to improving the existing knowledge about non-muscle
invasive bladder cancer.

Previous studies have shown a higher incidence of blad-
der cancer in males than in females [1, 2]. The sex and the
age distribution of the subjects in our study is consistent
with previous studies [1, 2, 21, 22]. No sex differences were
found in overall survival after treatment of non-muscle
invasive bladder cancer [21, 22]. According to current
data, the average age of patients with non-muscle inva-
sive bladder cancer is 73 years [1, 2, 21, 22]. The average
age of the subjects in our study was 70.15 years. The aver-
age age of the male population of subjects is 70.94 years,
and the average age of female subjects was 69.04 years.
The results of our study are in agreement with the results
published by other researchers [1, 2, 21, 22]. Our study
found no statistically significant difference in the average

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):584-590

of age [22, 23, 24].

The available results on the
role of mast cells in carcino-
genesis are contradictory, especially in the case of bladder
tumors [12, 15-19]. Authors have found a positive correla-
tion between the concentration of mast cells in the lamina
propria of the mucosa, the degree of tumor differentiation,
and the pathological grade in bladder cancer [13, 25]. A
review of the existing literature found a small number of
published scientific research results that examined the role
of mast cells in urothelial bladder cancer [13, 16, 17, 18].

Dowell et al. [25] found that the most abundant
Interleukin-17-positive cells in bladder tumors are mast
cells. In patients with primary and concomitant CIS
who received intravesical BCG immunotherapy, higher
Interleukin-17+ cell counts were associated with improved
event-free survival [25].

The results of the study by Popov et al. [26] indicated
a positive relationship between mast cell concentration in
tumor tissue and the cancer recurrence, but did not de-
tect a relationship between mast cell concentration and the
time of recurrence, or a relationship with tumor stage and
grade, sex, and age of patients. Our results are consistent
with the data from the study of Popov et al. [26].

Simsekoglu et al. [27] were the first who examined the
predictive value of mast cells in patients who underwent
surgery for non-muscle invasive bladder cancer and then
received intravesical immunotherapy with BCG. This study
found that histamine concentration significantly increased
after the start of intravesical BCG instillation, but no cor-
relation was found between tumor stage, urinary hista-
mine concentration, and the presence of a local response
to BCG instillation [27]. In our research the concentration
of histamine before surgery and during follow-up was not
statistically associated with bladder cancer recurrence nor
was it related to BCG therapy. The obtained results are in
agreement with the results of Simsekoglu et al. [27].

Our results show that the mean urinary histamine levels
before surgery and six months after surgery in patients
with T1 stage were statistically significantly higher than the
urinary histamine levels in patients with Ta stage of urothe-
lial bladder cancer. The results indicate that a correlation
can still be established between the stage of the bladder
tumor and urinary histamine levels, although histamine
levels in patients with bladder cancer are still lower than
the reference values. Researchers have found that the T1
tumor population is very heterogeneous [28, 29]. It is as-
sumed that the same density of tumor infiltration by mast
cells, depending on the number and type of existing ge-
netic mutations of urothelial cells, causes different degrees
of malignant transformation in different individuals [28,
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29]. In our case mast cell density did not differ statistically
significantly between T1 and Ta stages.

A study conducted by Sari et al. [28], with 78 subjects,
found a statistically significant correlation between the
concentration of mast cells in tumor tissue, tumor grade,
and stage of the disease (p < 0.05; r = 0.69 and 0.63). It was
found that a higher concentration of mast cells in bladder
cancer tissue was statistically significantly associated with
a higher density of capillary blood vessels per unit volume
of malignant tumor (p < .05, r = 0.56). Interestingly, the
tumor concentration of mast cells in the bladder mucosa
in the immediate vicinity of the tumor was higher com-
pared to the concentration of mast cells in the tumor tissue
itself (p < 0.001) [28]. There are assumptions that the sur-
rounding tissue, which is not microscopically malignantly
transformed, plays a key role in the survival of neoplastic
tissue [13-17, 28, 29].

While the predictive role of the initial concentration
of tumor mast cell infiltration and patient survival after
radical cystectomy has been established in muscle-inva-
sive urothelial bladder carcinoma [29], this correlation
has not been clarified in the non-muscle-invasive form.
Patients with a higher concentration of mast cells in the
tumor stroma before radical cystectomy have been found
to have a statistically significantly worse overall survival
and recurrence-free survival compared to patients with a
lower concentration [29].

Findings reported by Sari et al. [28] were in agreement
with our results, as no statistically significant correlation
between the concentration of mast cells in the bladder tu-
mor tissue, tumor stage and grade was established, observ-
ing and comparing the concentration of mast cells in Ta,
T1, and T2 stage tumors, although T2 tumors showed the
highest concentration of mast cells in tumor tissue [28]. In
our study, observing the mean value of mast cell density, it
was found that the mast cells density in pTa tumor tissue
was lower compared to the number of mast cells in tumor
tissue at the T'1 stage of the disease (0.06 vs. 0.07).

Histamine concentration in blood and urine can be af-
fected by numerous factors [30]. Researchers have found
that the bladder mucosa of patients with interstitial cystitis
contains an increased concentration of mast cells, while the
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urine of these patients contains an increased concentra-
tion of methylhistamine, which is the main metabolite of
histamine [30].

The primary limitation of our study was the relatively
short duration of patient follow-up. An additional limita-
tion was the number of subjects in the study. The sample
of subjects was relatively small, but it was in correlation
or even larger than the number of subjects in previously
conducted studies. In most studies, subjects with muscle-
invasive cancer were also included.

CONCLUSIONS

The mean urinary histamine value before surgery, three
and six months after surgery is statistically significantly
lower than the reference urinary histamine values. The
mean urinary histamine values before surgery and six
months after surgery in patients with T1 stage are sta-
tistically significantly higher than the urinary histamine
concentration in patients with Ta stage. Histamine con-
centration before surgery and during follow-up was not
statistically associated with bladder cancer recurrence.
There is no statistically significant difference in terms
of the number of mast cells in the tumor tissue between
Ta and T1 stages. A statistically significant correlation
between mast cell concentration and histamine was de-
termined before surgery but not in follow-up. With each
increase in histamine concentration, the concentration of
mast cells in bladder cancer tissue also increased.
Comparing the concentration of histamine in urine be-
fore surgery and during follow-up, as well as the number
of mast cells in patients with and without BCG therapy, no
statistically significant differences were found.
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MoBe3aHOCT KOHLEHTPALMje XMCTAaMUHA Y YPUHY Ca FYCTUHOM MacTOLMUTA KO,
60neCcHMKa ca HeMULWKUAHO-UHBA3MBHUM YPOTENHUM KapLMHOMOM MoKpahHe

belumnKe
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CAXETAK

YBog/Lum He noctoje noy3aaHy TyMOPCKU MapKepu Koju 6u
omoryhunu HeMHBa3MBHO OTKPMBatbe KapLMHOMa MoKpahHe
6eLunKe 1 Koju 61 ce NprmermBany y npahery 6onecHmKa
nocne fieyerba. Yiora MacToLyTa y NpoLiecy OHKOTeHe3e 1 farbe
je HepasjalureHa.

MeTtope CnpoBefeHa je 0OTBOPEHA, IOHIUTYANHaNHa, NPo-
CMeKTUBHA CTyAMja ca LWecToMeceyHM npaherem 6onecHu-
Ka nocrie XnpypLUKOT edyera KapymHomMa MokpahHe 6elumke,
y3 NpeonepaTriBHO Y30PKOBak-€ NPBOT jyTapHEer ypuHa pagu
ofpehrBatba KOHLEHTpaLje XnucTamrHa. ictpaxunsame je
obyxsatuno 60 6onecHnKa oba nona, crapoctu > 18 roguHa,
Ca MPBOM Npe3eHTaLMjoM HeMULWAHO-VHBAa3UBHOT KapLMHOMa
MoKpahHe belwnke. bonecHULM y ncTpaxusary cy npaheHn
KOHTPOJIHVM YPEeTPOLIMCTOCKONCKIM npernegmma. YtepheHa
je ryctmHa macTouuTa y TYMOPCKOM TKUBY.

Pesyntatu Ctyauja je o6yxBatuna 35 (58,3%) myLukapaLa u1
25 (41,7%) »eHa ca npoceyHom ctapoluhy og 70,15 + 9,38 ro-
AuHa. NpoceyHN HMBOM XCTaMUHA Y YPUHY Mpe onepauuje

DOI: https://doi.org/10.2298/SARH250922084P

Kop 6onecHnKa ca HemyWNAHO-NHBA3VBHUM KapLMHOMOM
MokpahHe 6elunke 6unu cy 11,06 + 5,79 ng/ml. MpoceyHn Hu-
BOW XMCTaMKWHa Y YpUHY npe onepauuje (t = 2,46; p = 0,02) n
LecT Meceu nocne onepauuje (t = 2,34; p = 0,02) kog 6one-
CHMKa ca cTagnjymom T1 61nn Cy CTaTUCTUYKM 3HaYajHO BMLIN
0f} HUBOA XVCTaMVHa Y YPUHY KOA 6onecHuKa ca cTafujymom
Ta ypoTtenHor KapLuHoMa MokpahHe 6elumnke. bonecHuum ca
BULLIOM KOHLIEHTPaLMjOM X1UCTaMMHa y YPUHY Npe onepavuje
umanu cy sehn 6poj mactouuTa.

3aksbyyak [lpoceyHa BpefHOCT X1CTaMVHa Y ypUHY npe one-
pauuje, TpU U WeCT Mecely nocsie onepaiuje CTaTUCTUYKK je
3HayajHO HVXa ofi pedepeHTHUX BPeAHOCTY XMCTaMVHa Y Ypu-
Hy. MpoceyHe BpeAHOCTU X1CTaMIHa Y YPUHY Koj bonecHuKa
ca cTagujymom T1 CTaTUCTYKM Cy 3HauajHO Behe 0f KOHLIeH-
Tpaumje XncTamrHa y ypuHy Ko 6onecHnka ca ctagujymom Ta.
CTaTUCTUYKM 3HaYajHa Kopenauuja namehy KoHLeHTpaLmje ma-
cTouuTa 1 XxmcTammHa yTepheHa je npe onepaupyje.

KmbyuHe peunt: KapLrHom MoKpahHe 6eLunKe; MacToLWTU; X1-
CTaMuH; YpUH
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into subtrochanteric or supracondylar region
on operation and fluoroscopy time in dynamic
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SUMMARY

Introduction/Objective Although femoral shaft fractures are mostly treated by intramedullary fixation
today, certain situations indicate extramedullary fixation for these fractures. The aim of this study was to
evaluate the influence of femoral shaft fracture extension into the subtrochanteric or supracondylar region
on operation time and intraoperative fluoroscopy time while performing dynamic extramedullary fixation.
Method A total of 90 cases of femoral shaft fractures treated using Selfdynamizable Internal Fixator (SIF)
were analyzed. Patients were divided into three groups according to the applied implant type: femoral
shaft fractures with proximal extension (SIF-troch), femoral shaft fractures without proximal or distal
extension (SIF-shaft), and femoral shaft fractures with distal extension (SIF-cond).

Results The shortest mean operation time was observed in the SIF-shaft group, while the longest was
recorded in fractures extending into the supracondylar region (SIF-cond group). The shortest average
fluoroscopy time occurred in the SIF-shaft group, while the longest in the group with the fracture ex-
tension into the subtrochanteric region (SIF-troch group). Operation time was mainly influenced by the
technique of lag screws and locking screws insertion and by the fracture reduction maintenance in the
subtrochanteric and supracondylar regions.

Conclusion Extension of femoral shaft fractures into the subtrochanteric or supracondylar region is as-
sociated with increased operation and fluoroscopy times. SIF allows for dynamic extramedullary fixation,
but also provides a relatively simple and fast performing surgical technique for femoral shaft fractures

fixation, especially when the fracture does not extend beyond the shaft area.
Keywords: Selfdynamizable Internal Fixator; shaft; fluoroscopy

INTRODUCTION

Closed femoral shaft fractures are today most
often treated by intramedullary fixation [1-5].
However, extramedullary fixation has also its
place in the treatment of these fractures [6-10].
Extramedullary fixation would be preferred,
or the only feasible option of internal fixa-
tion, in the following situations of a femoral
shaft fracture: narrow medullary canal, closed
or deformed medullary canal (after fracture
healing, after intramedullary nail removal,
etc.), intramedullary presence of an implant
(endoprosthesis, nail, screw, etc.), some com-
minuted fractures requiring better control of
length and rotation, pathologic fractures (ream-
ing and insertion of the nail can lead to com-
minution of weakened bone; reaming can lead
to dissemination of malignant cells), extremely
obese patients (reaming and pin insertion can
be technically challenging), patients with se-
vere cardiorespiratory diseases (reaming can
increase the risk of embolism), etc. [9, 10].
Denisiuk et al. [10] reported that extramedul-
lary fixation is recommended for femoral shaft

fractures extending into the proximal or distal
femur, where intramedullary fixation may be
contraindicated.

Extramedullary fixation of femoral shaft
fractures with plates is generally accompa-
nied by higher risk of mechanical complica-
tion (implant failure/loosening) [11, 12]. High
bending forces acting on a rigid extramedul-
lary implant (such as a plate) may be the main
causal factor for these complications and it
could be considered as a reason why the fixa-
tion of femoral shaft fractures is more often
being performed today by an intramedullary
nailing. In order to transform implant bending
forces as more as possible into translational and
compression forces between fracture fragments
(compression stimulates the fracture healing),
a special type of extramedullary implant -
Selfdynamizable Internal Fixator (SIF) was
developed. This implant provides an initially
rigid fixation, with the feature of subsequent
spontaneous transition into a dynamic mode,
reducing the implant load, and thereby its risk
of bending or breaking [13-16]. Delayed dy-
namization has been considered a desirable
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factor in promoting healing of the shaft fractures, espe-
cially in delayed-union [15, 17, 18]. Thus, wider use of a
such dynamic implants could increase the prevalence of
extramedullary fixation in femoral shaft fractures treat-
ment, and there is the need to examine its clinical aspects,
both intraoperatively and postoperatively.

Femoral fracture extending from the shaft region into
the adjacent area proximally (subtrochanteric region) or
distally (supracondylar region) requires the applied ex-
tramedullary fixation implant to be longer [10]. These
implants contain screws not only for the shaft but also for
the proximal or distal region of the femur.

The aim of this study was to examine the effect of femo-
ral shaft fractures extending into the subtrochanteric or
supracondylar region on the operation time and the in-
traoperative fluoroscopy time, as well as the relationship
between these parameters.

METHODS

A total of 90 patients treated surgically for a femoral shaft
fracture were analyzed in this study. The fixation was per-
formed in all patients using SIFE, a specific type of extra-
medullary implant for dynamic fixation. There were three
groups of patients: SIF-troch group included 22 patients
with femoral shaft fracture extending into subtrochanteric
region, SIF-shaft included 35 patients with femoral shaft
fracture without extending into any adjacent area, and
SIF-cond group included 33 patients with femoral shaft
fracture extending into supracondylar region (Table 1).
In the first group, patients were treated by SIF type con-
taining a “trochanteric unit’, through which sliding screws
for the femoral neck and head are inserted. Patients from
the second group were treated by the type of SIF that did
not contain any additional unit. In patients from the third
group, a SIF with the “condylar unit” had been used, in-
volving locking screws for the femoral condylar region,
being locked in the threads of this unit. The main part
of the SIF implant is cylindrical, providing axial sliding
and rotational contact with the clamps. Some screws pass
through the clamps, and when these screws are fully tight-
ened, the clamps are rigidly fixed to the cylindrical part.
At one end of the fixator, there is a dynamic slot through
which a dynamic anti-rotation screw is inserted. This as-
sembly allows for initially rigid fixation of fractures in the
shaft, subtrochanteric, and supracondylar region. However,
it also permits that, if biomechanical forces loosen the
contact between the screw and the clamp, spontaneous
transformation into dynamic fixation occurs, allowing
compression at the fracture site and thereby stimulating
the healing process. In addition to dynamic anti-rotation
screw, the SIF-shaft (type of SIF without additional “unit”)
at the other end contains a static anti-rotation screw. The
number of clamps may vary depending on the surgeon’s
assessment (Figure 1) [13, 14].

There are SIF implants of different lengths. For fractures
extending proximally or distally from the shaft region, SIF-
troch and SIF-cond implants with lengths of 250 mm and

‘ DOI: https://doi.org/10.2298/SARH251031090M
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Table 1. Distribution of patients and their age

Patients (n) Age
Group [mean = SD (min-max)]
Male | Female | Total (years)
SIF-troch 9 13 22 69.6 + 14.5 (39-89)
SIF-shaft 11 24 35 69.9 +17(22-91)
SIF-cond 8 25 33 73.2+11.9(23-90)
Total 28 62 90 71.0+14.6 (22-91)

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft — femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension

Figure 1. Types of Selfdynamizable Internal Fixator (SIF) used in fixa-
tion of femoral shaft fractures; 1 - SIF-troch (containing trochanteric
unit in the implant) in the fracture extending into the subtrochanteric
region; 2a, 2b - SIF-shaft (without additional unit in the implant) in
fractures confined to the shaft region, with different SIF orientations
and different numbers of clamps; 3 - SIF-cond (containing condylar
unit in the implant) in the fracture extending into the supracondylar
region

300 mm are used SIF-troch and SIF-cond implants of 150
mm or 200 mm are used only for fractures that do not
extend from the subtrochanteric or supracondylar region
into the femoral shaft). Therefore, only the patients with
these longer implant lengths were analyzed in this study.
The values of operation time (minutes) and intraopera-
tive fluoroscopy time (seconds) were analyzed among the
groups, as well as the correlation between these parameters,
for consecutive patients with available data, treated over
a three-year period between 2022 and 2025. Operation
time was defined as the time from initial skin incision to
the wound suture completion. Statistical analysis was per-
formed by IBM SPSS Statistics for Windows, Version 22.0.
(IBM Corp., Armonk, NY, USA) using t-test and Mann-
Whitney U test (to compare values), and Pearson’s and
Spearman’s correlation coefficients (to analyze bivariate
correlation). The level of significance set at p < 0.05.

Ethics: The study was performed in line with the
Declaration of Helsinki and approved by the Ethics Board
of the University Clinical Center Ni$ (Decision No. 29879).
RESULTS

The average operation time was the shortest in SIF-shaft
group (where the fracture did not extend beyond the shaft

region), while it was the longest in SIF-cond group. The
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Table 2. Average values of operation time and fluoroscopy time in the
groups (mean = SD), and parameters of their correlation

Group Op(er::S:e';i)me FIuo(rSc;sci)on%;ime Correlation
SIF-troch 83.4+187 445+142 ’:: 8.'312359
SIF-shaft 76.1£13.9 16369 r‘;z%.g]é
SIF-cond 9124213 342+ 14 ’::g_';gg

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft — femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension

Table 3. Comparison of operation time and fluoroscopy time between
the groups

Compared groups Operation time Fluoroscopy time
SIF-shaft, SIF-troch p=0.152* p <0.001*
SIF-shaft, SIF-cond p=0.001* p <0.001*
SIF-troch, SIF-cond p=0.001* p=0.010**

SIF-troch - femoral shaft fractures with proximal extension; SIF-shaft - femoral
shaft fractures without proximal or distal extension; SIF-cond - femoral shaft
fractures with distal extension;

*Mann-Whitney U Test;

**t-test

average fluoroscopy time was also shortest in SIF-shaft
group, but longest in SIF-troch group (Table 2). The dif-
ference among the groups in terms of both operation time
and fluoroscopy time was confirmed in all cases (p < 0.05),
except for the comparison of operation times between SIF-
shaft and SIF-troch groups (p > 0.05) (Table 3). A positive
correlation between operation time and fluoroscopy time
was confirmed in SIF-shaft group (p < 0.05), whereas in
the other groups the correlation did not reach statistical
significance but was close to (p < 0.2) (Table 2). The groups
did not differ significantly with respect to gender or age
distribution (p > 0.05).

DISCUSSION

In patients with fractures confined to the femoral shaft
(SIF-shaft group), only shaft screws were used. Placement
of these screws does not require strict fluoroscopic control
during the positioning of each screw. If the second cortex
is felt while screwing, just a single fluoroscopy after sev-
eral screws placement could be sufficient. Furthermore,
reduction of the fractures confined to the femoral shaft
can be achieved quite easily while applying the SIF-shaft
implant. The procedure begins with setting the rotation
of the distal fragment through positioning on the traction
table. Then two peripheral antirotational screws are placed,
followed by control of the fracture angulation in coronal
and sagittal planes using bone-holding forceps while the
remaining screws (screws for clamps) are inserted [14, 15].
The open technique does not necessarily require a single
long incision; it can also be performed through the two
smaller incisions, one of which includes both the fracture
site and the screws at one end of the implant [19]. This
can explain why, in fractures confined to the femoral shaft,
both the operative time and fluoroscopy time were the
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shortest. Since this approach provides good visual control
of the fracture alignment, it also explains why the vari-
ability of the operative time was minimal and correlated
to the fluoroscopy time.

Fixation of the femoral shaft fractures extending into
the subtrochanteric region was performed in this study
by the SIF type containing sliding screws for the proximal
femur (SIF-troch). Sliding screws placement requires more
fluoroscopic controls to prevent protrusion of the sliding
screw outside the femoral neck and head [13, 15]. Since the
proximal parts of the sliding screws are not directly visible
intraoperatively, fluoroscopic verification is often repeated,
resulting in the longest fluoroscopy time among the patient
groups. Longer fluoroscopy time in this group is also in-
fluenced by the need for careful and occasionally challeng-
ing control of fracture angulation in proximal part while
performing extramedullary fixation. The unconfirmed
correlation between operative time and fluoroscopy time
in this patient group could be explained by shorter dura-
tion of surgical steps that require frequent fluoroscopic
verification (sliding screws setting) compared to the other
steps of the surgery that do not involve frequent imaging
(e.g., placement of the shaft screws and wound closure).
For this reason, it could be considered that there was no
significant difference in average operative times between
the SIF-shaft and SIF-troch groups.

Operative time was longest in femoral shaft fractures
extending into the supracondylar region, likely due to the
difficulty of reduction, as the hamstrings tend to pull the
fracture into recurvatum [11, 20]. Consequently, a traction
table was not used in most patients in this study, further
complicating the reduction and prolonging the surgery.
Placement of distal locking screws in the condylar region
requires fluoroscopic verification, sometimes repeated,
explaining the longer fluoroscopy time compared to the
SIF-shaft group. Nevertheless, inserting these screws usu-
ally requires fewer repeated fluoroscopic checks than in-
serting the sliding screws for the proximal femur, which
may explain the shorter fluoroscopy time in the SIF-cond
group compared to the SIF-troch group.

Concerning extramedullary fixation of femoral shaft
fractures, few data are available in the literature regarding
operation time and fluoroscopy time, and these mostly
refer to the plate fixation. Park et al. [7] reported that plate
fixation of femoral shaft fractures was associated with an
average operative time of 104 minutes and an average
fluoroscopy time of 109 seconds, both longer than in our
study. However, Meccariello et al. [9] and Rollo et al. [21]
reported shorter average operative times for plate fixation
of femoral shaft fractures (62 min and 61 min). Regarding
extramedullary fixation of the fractures extending in the
subtrochanteric region, Yadav et al. [22] reported longer
operation time (105 min) and fluoroscopy time (140 sec-
onds) when using plates than in our study. El-Desouky
et al. [19] compared conventional and biological plate
fixation of subtrochanteric fractures and found that the
operative time was longer (129 minutes vs. 92 minutes),
while the fluoroscopy time was shorter (47 seconds vs. 80
seconds) when performing biological plate fixation [19].
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In this regard, operative time in our study, for fractures
extending into subtrochanteric region, corresponded more
closely to conventional, while fluoroscopy time corre-
sponded more closely to biological plate fixation. Erinc et
al. [23] analyzed extramedullary plate fixation for supra-
condylar femoral fractures and reported longer operative
time (126 minutes) compared to our findings for fractures
extending into the supracondylar region. Comparative to
the results in our study using SIF, the literature data list-
ed above indicate both operative and fluoroscopy times
tend to be longer when plate fixation is used for fractures
extending into the subtrochanteric region, compared to
fractures limited to the femoral shaft. It is noteworthy
that similar trends have been reported for intramedullary
tixation as well, with generally shorter operative times but
longer fluoroscopy times than those observed in our study
(5,7,9,21,22,24,25,26].

Kelly et al. [27] found that the radiation dose received
is significantly higher if the cumulative fluoroscopy time is
less than 50 seconds. Considering this finding, the average
results in our study suggest that the radiation dose in ex-
tramedullary fixation of femoral shaft fractures is generally
lower (average fluoroscopy time was < 50 seconds) when
using the SIE in contrast to extramedullary fixation by plate
reported in the literature, where the dose may be higher.

An earlier study by Mitkovic et al. [13] analyzed subtro-
chanteric fractures treated with SIF and reported that the
average fluoroscopy time was almost the same (43 seconds)
as in the present study on femoral shaft fractures extend-
ing into the subtrochanteric region, while the operative
time was shorter (62 minutes). This difference in operative
time may be explained by the fact that the subtrochanteric
fracture study included various types of these fractures
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CONCLUSION

Operation time in extramedullary fixation of femoral shaft
fractures using SIF is shortest when the fracture is con-
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subtrochanteric region. Considering the average fluoros-
copy time, the use of SIF generally results in a low expected
radiation dose, regardless of whether the femoral shaft
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YTuuaj wupera npenoma gujaduse 6yTHe KOCTU y CYNTPOXAHTEPHY UK
CYNPaKOHAWUNAPHY perunjy Ha Tpajakbe onepaLuje n MHTpaonepaTMBHe
dnyopocKonuje npu AMHAMUYKOj eKCTpameAynapHoj GuKcaumjm

Munan M. Mutkosuh'?, Cawa C. MunenkoBuh'?, Mpegpar M. CrojusbkoBuh'?, MnageH J. CrojaHoBuh', Hukona J. Koctuh',

Munow A. Harophu'

'YHMBEP3UTETCKN KNMHUYKY LieHTap Huw, Knnhrka 3a optoneaujy v Tpaymatonorujy ,Akagemvk npod. ap Munopag Mutkosuh', Huw,

Cpbuja;
2YHuBep3uTeT y Huwy, MegnumHckmn pakyntet, Hw, Cpbuja

CAXETAK

YBop/LUum Vako ce npenomu gujaduse 6yTHe KOCTU AaHacC
Hajyewwhe neye MHTpameaynapHom GuUKcaLujom, NocToje cu-
Tyauuje y KojMa je NoxesbHuje N3BPLUNTN hUXOBY eKCTpa-
mepynapHy ¢pukcauujy. Linm osor paga 6uno je ncnutrare
yTrLUaja W1pera npesnioma anjadurse OyTHe KOCTN Y CycefHy
AHATOMCKY perujy Ha Tpajarbe onepaLuje 1 MHTpaonepaTuBHe
dnyopockonuje.

Metope Y papy je aHanusnpaHo 90 cnyyajeBa Kog Kojux je
npenom gujaduse byTHe KOCTY JieueH caMmoarHamum3mnpajyhum
YHyTpaLwmum prkcatopom (SIF). icnutanuum cy nogerbeHn
y TpU rpyne — npenomu gujaduse 6yTHe KOCTY Koju ce Lmpe
npokcumanHo (SIF-troch), npenomu gujadurse GyTHe KOCTY Koju
Ce He LWMpe HU NPOKCUMANHO Hu guctanto (SIF-shaft) n npeno-
mu gujadurse 6yTHe KOCTM Koju ce Wwupe guctanHo (SIF-cond).
PesynraTm [poceuHo Tpajare onepayuje 6uno je Hajkpahe
KoZ Mpenoma Koju ce HCY Wupunu'y cycegHy perwjy (SIF-shaft
rpyna), a Hajay»e Kof npesioma Koju Cy ce WpUn y cynpa-

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):591-595

KoHAunapHy perujy (SIF-cond rpyna). lpoceyHo Tpajatbe diy-
opockonuje 6uno je Hajkpahe y SIF-shaft rpynw, a Hajoy»e Kof
npesioma Koju Cy ce LUMPWN y CyNTPOoXaHTepHy perujy (SIF-troch
rpyna). CMaTpa ce a Cy Ha JyWHy onepauuje y npuMerbeHm
XVIPYPLUKIM NpoLieaypama yTuLany TexHKa KOHTpore yBohe-
tba KNM3HKIX 3aBPTHEBA Y MPOKCUMAITHU [EO 1 3aKibyyaBajyhix
3aBPTHEBA Y ANCTANTHU A0 OYTHE KOCTH, Kao 1 TeXHVKA UHTpa-
onepaTyBHOr OAP»KaBatba Peno3uLyje npenoma y CynTpoxaH-
TEPHOj 1 CyNnpaKkoHAUNaPHOj pernju.

3akmyuak LLnpere npenoma gujaduse 6ytHe KOcTn y cynTpo-
XaHTEPHY 1N CynpakoHAWnapHy peruvjy npaheHo je npoceyHo
LY>XUM TpajarbeM onepauuje n dnyopockonuje. Y3 npyxame
MoryhHOCTV AHamm3auuje y ekcTpamesynapHoj pukcaumju, SIF
npy»a v penaTuBHO jeAHOCTaBHY 1 6P30 N3BOALUBY TEXHUIKY
dvKcauwje npenoma arjaduse GyTHE KOCTU, HAPOUUTO Kaaa ce
NPenoMm He LWMPW y CycefjHy aHaTOMCKY perujy.

KmbyuHe peun: camogviHammnsnpajyin yHyTpaluby pukcaTop;
aunjadusa; pnyopockonuja
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SUMMARY

Introduction/Objective University students from low-income families may face many challenges during
their studies, which may affect their academic experience and outcomes. The aims of this study were to
assess some lifestyle characteristics and academic performance of medical students and their relation-
ship to family income.

Methods A cross-sectional study included 2551 undergraduate medical students at the Faculty of Medi-
cine, in Belgrade, Serbia.

Results According to multivariate analysis, in comparison with students from families with income lower
than two national average salaries, students with higher family income significantly more frequently
finished gymnasium before the Faculty of Medicine, more frequently were in emotional relationships,
were more frequently smokers and alcohol and energy drink consumers, and less frequently reported
academic pressure.

Conclusion The present study emphasizes that socioeconomic status is not associated with the academic
success of undergraduate medical students. Students from higher status feel less academic pressure,
they more often consume cigarettes, alcohol, and energy drinks, and they are more likely to have an
urban background and have highly educated parents who work as private company employees, which
can be indicators of the specific economic climate in Serbia. Further studies are needed to strengthen
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evidence-based decision-making.
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INTRODUCTION

The Sustainable Development Goals, a set of
17 global goals adopted by all United Nations
member states in October 2015, include reduc-
ing poverty in all its forms, reducing inequali-
ties within and between countries, and ensur-
ing inclusive and equitable quality education
for all [1]. According to the World Bank, the
Republic of Serbia is classified as an upper-
middle-income country [2].

Income inequality in Serbia is one of
the highest in Europe and higher than in
any other member of the European Union.
Socioeconomic and cultural backgrounds are
related to students’ lifestyle habits, perceived
stress, and academic performance [3-7].
University students from low-income families
may face many challenges during their stud-
ies, which may affect their academic experi-
ence and outcomes. Furthermore, the quality
of life of medical students from the University
of Tabriz in Iran has a positive correlation with
family income [8]. Past research has shown that
students from higher socioeconomic status
(SES) are more likely to have higher-educated

parents, which can be correlated with better
parental support during the education process
[9]. Additionally, family income can influence
career aspirations. People with low SES more
often have doubts about attending a faculty of
medicine [10]. Also, a study conducted among
Australian medical students found that stu-
dents with very low and very high SES have
less intention to work in low SES or medically
inaccessible areas [11]. In addition, SES can be
associated with students’ mental health issues
and substance use [12, 13, 14].

The aim of this study was to examine some
characteristics, lifestyle, and academic perfor-
mance of medical students in Belgrade, and
their relationship to family income.

METHODS
Study participants

A cross-sectional study was conducted among
undergraduate students at the Faculty of
Medicine, University of Belgrade, one of the
largest schools for the training of physicians in
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Southeastern Europe, founded in 1920 in Belgrade, the capi-
tal of Serbia. It is part of the University of Belgrade, which
was included among the top 500 universities according to
the Academic Ranking of World Universities [15, 16]. The
sample included 2551 medical students from all six study
years with an overall response rate of 81.8%. The self-ad-
ministered questionnaires were distributed during classes
or practical sessions during clinical training. Students were
asked to answer questions completely anonymously, after an
explanation of the aim of the research. It took participants
approximately 10 minutes to complete the questionnaire.
We classified participants into two categories, depending
on whether their family income was lower or higher than
two average salaries in Serbia (88,000 RSD) or 2 x US$380
per month (adjusted net national income per capita) [17].

Data collection
The questionnaire

The questionnaire was constructed by the authors after a
comprehensive literature search, and it contained ques-
tions about sociodemographic characteristics (gender, ur-
ban/rural background, family income, accommodation
during the study, relationship status, parental education
levels), lifestyle and personal characteristics (smoking, cof-
fee, alcohol and energy drink consumption, average sleep
duration, excessive spare time, academic achievement,
and self-reported stress and pressure), and the Rosenberg
self-esteem scale, a measurement test for self-esteem level
widely used in behavioral and social research. The scale
was designed by Morris Rosenberg, an American sociolo-
gist and social psychologist [18]. The questionnaire was
composed of Likert-type scale questions.

The current smoker is defined as a person who has been
smoking every day or several times a week, and who has
smoked to date at least 100 cigarettes. Alcohol, coffee, and
energy drink consumption, as well as self-reported stress,
excessive spare time, and parental and academic pressure,
were analyzed as yes/no variables.

Data analysis

Categorical variables (nominal and ordinal) were expressed
as absolute and relative frequencies. For statistical analysis,
we used SPSS version 17.0 for Windows. Univariate and
multivariate logistic regression methods were applied to
identify the independent variables associated with family
income. Variables were selected for entry into the multi-
variate logistic regression model if they were significant in
the univariate analysis with a p < 0.1. Results are expressed
as an odds ratio (OR) with 95% confidence interval (CI)
for the exponentiated regression coefficient (B).

Ethics: The study was reviewed and approved by the
Ethics Committee of the Faculty of Medicine, University of
Belgrade, Belgrade, Serbia (No. 1322/VII-45). Participants
were recruited at the Faculty of Medicine, University of
Belgrade.
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RESULTS

The questionnaire was completed by 530 first-year stu-
dents (response rate 93.1%), 470 second-year students (re-
sponse rate 82.7%), 302 third-year students (response rate
61.7%), 459 fourth-year students (response rate 85.6%),
394 fifth-year students (response rate 75%), and 396 sixth-
year students (response rate 91.9%). Some demographic
and socioeconomic characteristics of the respondents are
listed in Table 1. Female students made the majority of
the sample (66.2%), as well as students who had an urban
background (85.4%) and who had a grade point average
(GPA) > 8/10 (58.4%). Most of them came from families
who had a monthly income lower than two national aver-
age salaries (61.8%) and whose parents worked as govern-
ment employees (58.6%).

Table 1. Demographic and socioeconomic characteristics of medical
students in Belgrade

Characteristics Frequency | Percentage (%)
Gender

Female 1690 66.2
Male 861 33.8
Class level

First-year 530 20.8
Second-year 470 18.4
Third-year 302 11.8
Fourth-year 459 18
Fifth-year 394 15.4
Sixth-year 396 15.5
Original background

Urban area 2179 85.4
Rural area 327 14.6
Average family income

< Two national average salaries 1577 61.8
> Two national average salaries 944 382
The main source of family income

Government employee 1494 58.6
Private company employee 828 325
Both 229 9

Table 2 displays differences between students from fam-
ilies who had a monthly income greater than the national
average and students who came from a family with less
income, which were analyzed by univariate logistic regres-
sion with p < 0.1 as the significance threshold. Students
from higher-income families were significantly more likely
to be male, to finish gymnasium before medical school, to
have a GPA > 8/10, to live in a private apartment during the
academic term, and to be in a relationship. Furthermore,
urban background, business or private company as major
source of family income, and highly educated parents were
significantly associated with descent from aftfluent families.
Table 3 presents personal habits and perception of stress,
pressure, and self-esteem. Being from higher-income fami-
lies was significantly related to > 6 hours average sleep du-
ration, having too much spare time, and to consumption of
cigarettes, alcohol, and energy drinks. Higher income was
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Table 2. Characteristics of medical students in Belgrade according to socioeconomic status

Average monthly family income
Variable < 88,000 RSD** > 88,000 RSD' p-value*
Frequency Percentage (%) Frequency Percentage (%)
Gender
Female 1080 68.5 610 62.6
0.002
Male 497 315 364 374
High school
Gymnasium 949 60.2 808 83.0
K - <0.001
Medical high school 628 394 166 17.0
Grade point average
>8/10 896 56.8 595 61.1
0.034
<8/10 681 43.2 379 389
Original background
Urban area 1274 80.8 905 92.9
< 0.001
Rural area 65 19.2 69 7.1
Accommodation during study
Private apartment 1114 70.6 906 93.0
< 0.001
Dorm 463 29.4 68 7.0
The main source of family income
Government employee (at least one parent) 1470 93.2 852 87.5 <0.001
Business / a private company employee 107 6.8 122 12.5 ’
Mother’s education level
Incomplete primary, primary and secondary 855 54.2 209 21.5 <0001
Higher 722 458 765 78.5 '
Father’s education level
Incomplete primary, primary and secondary 780 49.5 182 18.7 <0002
Higher 797 50.5 792 813 '
Relationship status
In emotive relationship 693 43.9 497 51.0
- < 0.001
Single 884 56.1 477 49.0

RSD - Republic of Serbia dinars;

*according to univariate logistic regression analysis;
**< two national average salaries;

> two national average salaries

Table 3. Lifestyle, perception of stress, pressure, and self-esteem among medical students in Belgrade, according to socioeconomic status

Average monthly family income

Variable < 88,000 RSD (€715)** > 88,000 RSDT (€715) p-value*

Frequency Percentage (%) Frequency Percentage (%)
Current smoker 282 17.9 271 27.8 <0.001
Alcohol consumption 1020 64.7 754 774 <0.001
Energy drinks consumption 586 37.2 396 40.7 0.078
Daily coffee consumption 884 56.1 572 58.7 0.186
Average sleep duration
<6 hours 686 435 374 38.4 0011
> 6 hours 891 56.5 600 61.6 ’
Self-reported stress 117 70.8 656 67.4 0.064
Self-reported excessive spare time 162 103 123 12,6 0.067
Self-reported pressure from parents 243 15.4 169 17.4 0.196
Self-reported academic pressure 1208 76.6 712 73.1 0.047
Low self-esteem 195 124 93 9.5 0.029

RSD - Republic of Serbia dinars;

*according to univariate logistic regression analysis;
**< two national average salaries;

> two national average salaries

negatively associated with self-reported stress, academic
pressure, and low self-esteem.

The results of a multivariate logistic regression analysis,
which included significant variables from the univariate
logistic regression, are shown in Table 4. According to
multivariate analysis, in comparison with students from

‘ DOI: https://doi.org/10.2298/SARH251002087M

families with income lower than two national average sala-
ries, students with higher family income significantly more
frequently finished gymnasiums before medical school,
had urban backgrounds, lived in a private apartment dur-
ing the academic term, both parents worked as private
company employees, and had highly educated parents.
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Table 4. Factors associated with high family income of medical students in Belgrade (mul-

tivariate logistic regression analysis)

pressure, that they slept > 6 hours, and
that they were in an emotional relation-

Characteristic S | epenel | e ship (Table 4). Jury et al. [3] described in
(high/low family income) ratio . . .

- the literature review that lower-income

Finished the gymnasium before the medical faculty 1.9 1.52-2.38 | <0.001 . .
students face psychological barriers, such
Urban background 1.65 1.21-2.23 0.001 . . .

— - as emotional distress and fear of failure.

Living in an apartment during faculty 422 3.17-5.62 | <0.001 T
- Past research also indicates that students
Both parents work as private company employees 1.65 1.21-2.24 0.001 . .

5 from lower SES are at increased risk for
Highly educated mother 2.19 1.76-2.72 | <0.001 . .
Highly educated father 229 | 183286 | <0001 depression and other mental health issues
Being in an emotive relationship 133 1.11-1.60 | 0.002 [.12’ iz’ 23]. Clountlsl'elzlil. f?lunFii a C(()innec—
Being smoker 148 | 120-1.82 | <0.001 tion between low childhood SES and poor
Alcohol consumption 148 | 1.19-1.85 |<0.001 sleep quality of college students [24, 25].
Energy drinks consumption 1.27 1.05-1.54 0.013 In line with pr.eVIOLlS. Smdlesf our su1.‘—
> 6 hours average sleep duration 1.287 | 1.068-1.550 | 0.008 vey shows that hlgher INCOME 1S ASSOCL-
Academic pressure 074 | 092-0.60 | 0.005 ated with an increased rate of alcohol

They also were significantly more frequently in emotional
relationships, were more frequently smokers and alcohol
and energy drinks consumers, their average sleep duration
was more frequently > 6 hours, and they less frequently
reported academic pressure.

DISCUSSION

The primary purpose of this study was to determine in-
come-related characteristics among medical students in
Belgrade. Consistent with the previous literature, our survey
showed that students from lower SES are more likely to
enroll in a vocational high school such as a medical high
school, while higher-income students are more likely to en-
roll in a gymnasium - academic profile high school 19, 20].

We found that students from higher SES more often
have an urban background and have highly educated par-
ents and parents who work as private company employees.
We believe that this background difference can align with
the large regional disparities in Serbia in terms of socio-
economic conditions [21].

Univariate logistic regression analysis shows that stu-
dents from higher SES have better academic performance,
but the multivariate model didn’t find this association,
which was contrary to many previous studies [3, 4, 6].
This can be explained by the fact that we used only the
GPA as an indicator of academic success. The GPA is a
criterion for students’ benefits in Serbia, such as a dormi-
tory place or scholarships, which can motivate students
from a family with lower income to learn more. Our study
showed that students from lower SES are more likely to
live in a dormitory (Table 4). We consider that this moti-
vation for benefits can also be associated with increased
pressure among students from a family with a lower in-
come. According to the results of this survey, students from
higher SES experience university life more comfortably.
They more often answered that they did not feel academic
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consumption among students and other
young adults [26-29]. Higher income can
also be related to other substance uses [14, 27]. The Balkan
region, where Serbia is located, is characterized by the fact
that people with a better financial situation are more likely
to consume cigarettes [27]. Moreover, we have already de-
scribed that students from high SES go through university
with less academic pressure.

Magid et al. [30] consider smoking primarily as a social
activity, and they also stated that stressful academic situa-
tions can distance students from situations where they can
come in contact with cigarettes. This study may be subject
to certain limitations. The survey was conducted at only
one institution in the country and at only one faculty of
the University of Belgrade. Also, students who have paused
their studies or left the University were not included. Data
about family income and other characteristics were based
on self-reports, which can lead to recall bias. Another pos-
sible limitation could be information bias due to the clas-
sification of participants based on self-reports.

CONCLUSION

In summary, this study highlights that socioeconomic sta-
tus is not associated with the academic success of under-
graduate medical students, but students from higher status
feel less academic pressure and feel more comfortable dur-
ing university. They also more often consume cigarettes,
alcohol, and energy drinks. Students from higher SES are
more likely to have an urban background, to have highly
educated parents and parents who work as private com-
pany employees, which can be indicators of the specific
economic climate in Serbia. University authorities and
policymakers should ensure a level playing field for all
students, regardless of background. More studies need to
be conducted in order to strengthen the implementation
of evidence-based decisions.

Conflict of interest: None declared.
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MoBe3aHOCT KOH3yMUpatkba LMrapeTa, aJIKOXona U eHepreTCKUx nuha ca
dKagemcCKum ycnexom n COUMOEKOHOMCKUM CTaTyCOM CTyAEHATa MeAULUHE

JappaHka M. MakcumoBuh', XpuctuHa [. BnajuHay', cugopa C. Byjuuh', Cnasuua P. Mapuc?, Kataprta M. MakcumoBuh?,

TaTjaHa b. Peyiek Mygpunuh*?, igaHa W. KaBeuan*?

'YHuBep3utet y beorpagy, MeguumHckn dakyntet, UHCTUTYT 3a enugemuonorujy, beorpag, Cpbuja;

2/HcTUTYT 3a jaBHO 3ApaBbe beorpapa, beorpapn, Cpbuja;
*YHusep3uTet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*YHneep3uTet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja;
*VIHCTUTYT 3a 3[PABCTBEHY 3aLUTUTY fieLie 1 oMnaanHe BojsogunHe, Hosu Cap, Cpbuja

CAXETAK

Yeoa/Lnb CTyneHTV 13 nopoauLia ca HUCKMM NPUXOAVMa MOTY
Ce CyouuTH ca MHOTMM 13a30BMMa TOKOM CTYANja, LUTO MOXe
YTULIATV Ha HIXOBO akafileMCKo CKYCTBO U1 pesynTate. Linmesu
oBe CTyAmje 6vnu cy Aa ce npoLieHe oapeheHe KapakTepucTuke
HaurHa XXMBOTa 1 akafAeMCKM ycnex CTyaeHaTa MeguLmHe 1
HMXOB OJJHOC Ca NMOPOAVYHUM MPUXOAMMA.

Mertope Cryauja npeceka obyxsatina je 2551 cTygeHTa OCHOB-
HUX CTyAuja MeguumHe Ha MeanuyHckom dakyntety y beorpa-
ay, Cpbuja.

Pesynrtatu [pema MynTrBapujaHTHOj aHanu3y, y nopehery ca
CTYAEHTMMA 13 NOPOANLA Ca NPUXOAMMA HVKM Of fiBe Npo-
CeyHe HaLVoHasHe naTe, CTYAEHTY Ca BULLVIM MOPOANYHIM
nprxofuMa 3HauajHo yelhe 3aBpLUaBajy rMMHa3sujy npe Megu-
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LMHCKor dakynTeTa, Yelwhe cy y eMOTMBHUM Be3aMa, yellhe cy
MyLayy 1 KOH3YMeHTH afikoxona u eHepreTckux nuha, a pehe
npujaB/byjy akafeMcKn NpUTnCaK.

3aksbyyak OBa CTyAvja HarnlallaBa fja COLYIOEKOHOMCKM CTaTyC
Huje noBe3aH Ca akafeMCK/M YCNexom CTyfeHaTa MeanLviHe.
CTypeHTU ca BULWUM cTaTycom ocehajy Mmarby akageMcKu npu-
Tncak, Yewhe KOH3yMupajy LmrapeTe, ankoxon 1 eHepreTcka
nuha, BepoBaTHYje je Aa Cy rPafCcKor Mopeka v ja uMajy B1co-
K00bpa3oBaHe POAUTESLE KOjU Cy 3aMOCIEHN Y MPUBATHVM KOM-
naHujama, LITO Mory 61TV NoKasatesby cneLyypuyHe eKOHOMCKe
Knume y Cpbuju. MoTpebHo je cnpoBecTy JoAaTHe CTyauje Kako
61 ce ojauana npvmeHa oAyKa 3aCHOBaHMX Ha AOKa3nMa.
KrbyuHe peun: KoH3ymmpatbe afikoxona; nyllewe Lurapera;
eHepreTcka nuha; ennaemnonoruja; CTyAeHT! MeanLnHe
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CASE REPORT / MPUKA3 BONNECHUKA

Ruptured aneurysm of the superficial femoral artery

Miroslava Popovic', Ivana Mitrovi¢ Tani¢', Marko Surlan’, Ljiljana Mili¢'?

'Zvezdara University Clinical Hospital Center, Nikola Spasi¢ Clinic for Surgery, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction Aneurysm rupture is rare, most often affecting the distal third of the superficial femoral
artery (SFA). An isolated aneurysm of the SFA is even rarer, occurring in only 1% of all femoral artery an-
eurysms and in 0.5% of all peripheral artery aneurysms. The aim of this report is to describe the diagnosis
and surgical treatment of a rare case of a ruptured true aneurysm of the SFA.

Case report We present an 80-year-old man admitted due to sudden pain in his right leg. Physical
examination and radiological imaging confirmed a ruptured isolated SFA aneurysm. SFA-SFA bypass
surgery was performed in the distal femoral region of the right leg three months after the first symptoms
occurred. An SFA-SFA bypass using an 8 mm Dacron graft was performed, and the patient achieved full
recovery with palpable pedal pulses at the one-month follow-up. Two months after hospital discharge,
the patient died from acute myocardial infarction, making further follow-up impossible.

Conclusion This report demonstrates that even three months after SFA aneurysm rupture, complete
recovery can be achieved with an appropriate surgical technique.

Keywords: superficial femoral artery; ruptured aneurysm; true femoral aneurysm; rupture

INTRODUCTION

Superficial femoral artery (SFA) aneurysm is
more common in men than in women, with
an incidence of about 85%. Factors contribut-
ing to the development of a true SFA aneurysm
include smoking, age, and cardiovascular dis-
ease [1].

An isolated aneurysm of the SFA is extremely
rare, occurring in only 1% of all femoral artery
aneurysms and 0.5% of all peripheral artery an-
eurysms [2]. Aneurysm rupture is uncommon,
most frequently affecting the distal third of the
SFA [3]. The complications most often associ-
ated with SFA aneurysms include rupture, distal
embolization, and thrombosis [4].

The objective of this report is to describe the
diagnosis and surgical treatment of a rare case
of a ruptured SFA aneurysm.

CASE REPORT

An 80-year-old man complained of pain in the
lower third of the right thigh. Five days after
the onset of pain, the symptoms worsened,
and swelling of the right thigh appeared. Two
days later, swelling and hematoma around the
right upper knee were confirmed at the local
hospital.

Upon hospital admission, his international
normalized ratio was 5.2, hemoglobin 80 g/dl,
and he received two units of blood. He denied
any allergies to medication or food. He was
a non-smoker and did not consume alcohol.
His medical history included chronic obstruc-
tive pulmonary disease, type 2 diabetes, and

hypothyroidism. In the year 1992, he had a
myocardial infarction without subsequent re-
vascularization.

Three months later, he was admitted to our
institution, pulmonology department, due to
shortness of breath, pain in the right upper
knee, and severe calf spasms. He was afebrile,
with blood pressure of 105/60 mmHg and a
heart rate of 70 beats per minute. D-dimer level
was 15.2 mg/L fibrinogen equivalent unit, and
chest multidetector computed tomographic
angiography revealed bilateral peripheral mi-
croembolism.

Two days later, major swelling appeared in
the lower right thigh (Figure la). The patient
was unable to stretch his leg, and the knee joint
was locally warm at the site of the swelling. A
Doppler scan of the lower extremities showed a
hypoechogenic mass measuring approximately
40 x 48 cm, with monophasic flow in the pop-
liteal and posterior tibial arteries. The popliteal
vein of right leg was partially non-compressible,
with suspicion of a fresh thrombus. No other
deep vein thrombosis was detected.

Multidetector computed tomographic angi-
ography of the right leg showed rupture of the
posterior wall in the distal third of the SFA,
with contrast extravasation and a hematoma
over 300 mm in length, extending below the
knee and compressing the surrounding struc-
tures (Figure 1b). A large saccular aneurysm
of the internal iliac artery, 51 mm in diameter,
was also diagnosed. The patient was transferred
to the vascular surgery department for further
treatment.

Emergency surgery revealed a large amount
of coagulum and blood extending from the



Ruptured aneurysm of the superficial femoral artery

Figure 1. a - Clinical finding of rupture the right superficial femoral artery aneurism
rupture; b - computed tomography angiography of the lower limb shows aneurism
of superficial femoral artery with compression of neighboring structures (labeled

by red arrows)

Figure 2. Intraoperative finding of ruptured aneurysm of the superficial femoral

artery

Figure 3. Superficial femoral artery bypass - reconstruction using Dacron 8 mm
graft

distal part of the right thigh to the lower limb, with a rup-
tured aneurysm of the SFA (Figure 2). An SFA-SFA by-
pass was performed using an 8 mm Dacron graft (Figure
3). During the operation, the patient received one unit of
erythrocytes, one unit of fresh frozen plasma, and three
units of albumin. Postoperative laboratory findings were
within normal limits.
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On the first postoperative day, palpable dor-
salis pedis pulse was noted, with preserved mo-
tility and sensation. On the 20th postoperative
day, the patient was discharged home in good
general condition and fully recovered.

At the one-month follow-up, the patient
had palpable pedal pulses and no complaints.
During the preparation for elective surgical
treatment of the iliac artery aneurysm, the pa-
tient developed an acute myocardial infarction
and died two months after hospital discharge,
which made further follow-up impossible.

Ethics: The patient agreed to have his pho-
tos and medical information published in the
journal. He was aware that his name will not be
revealed and that every effort will be made to
maintain his anonymity.

DISCUSSION

Atherosclerotic aneurysms of the SFA are very
rare, occurring as isolated lesions in 15-25% of
cases. They most often occur in the lower third
of the SFA, typically as focal arterial involve-
ment, while diffuse or long-segment involve-
ment is extremely uncommon [3, 5]. In our
patient, the aneurysm was located in the lower
third of the SFA but involved a 7 cm segment,
which is rare.

SFA aneurysms are frequently associated
with aortic and iliac artery aneurysms (69%),
and with popliteal or common femoral artery
aneurysms in 54% of cases [6]. Our patient had
a saccular aneurysm of the internal iliac artery
measuring 51 mm in diameter. Since the patient
did not present with acute symptoms related to
this aneurysm, urgent intervention was not in-
dicated. Elective surgical treatment was planned
following full recovery and appropriate prepara-
tion for the procedure.

At the time of diagnosis, approximately
35% of patients with isolated SFA aneurysms
are symptomatic, which is significantly higher
than for common femoral artery aneurysms,
where only about 7% of patients are symptom-
atic [7]. This difference may be explained by the
anatomical localization and the deep position
of the artery, which make early detection and
elective surgery more difficult. Clinical recogni-
tion is also challenging in thin patients because
of the deep muscular position of the vessel [6].

Rupture is the most common presentation of SFA an-
eurysms, occurring in 26-34% of cases, which is much
higher than in popliteal artery aneurysms, where rupture
is the initial symptom in only about 3% of cases [6, 8].
The patient in this report presented initially with rupture,
consistent with previous studies.

www.srpskiarhiv.rs ‘
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Surgical treatment is indicated in symptomatic patients
with ruptured SFA aneurysms or ischemic symptoms. In
asymptomatic cases, there is still no consensus on the ap-
propriate timing for intervention, though some authors
recommend surgery when the aneurysm diameter exceeds
20-25 mm [3, 9].

Both open and endovascular repair are viable treatment
options. Open repair provides favorable short- and long-
term outcomes with excellent limb salvage rates [10]. The
most common procedure is aneurysmectomy with prosthet-
ic graft interposition [3]. In our case, aneurysmectomy was
performed three months after rupture, with reconstruction
using an 8 mm Dacron graft. The great saphenous vein was
not used due to varicosities, because both great saphenous
veins were varicose and unsuitable for reconstruction in our
patient, we decided to implant a Dacron graft. The choice of
procedure was based on clinical experience and literature-
reported efficacy for aneurysms of similar etiology.

SFA rupture presents differently from other peripheral
arterial ruptures, as it may enlarge significantly before
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detection. Early recognition and prompt surgical inter-
vention offer the best chance of survival and full recovery.
Although SFA aneurysms are rare, any hematoma in the
upper leg especially near the course of the femoral artery
should be considered a potential aneurysm until proven
otherwise.

This case demonstrates that even three months after
rupture of an SFA aneurysm, complete recovery can be
achieved with an appropriate surgical approach.
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PynTypa aHeypu3me NoBpLUMHCKe ByTHe apTepuje

Mupocnasa Monosuh', iBaHa Mutposuh Tanuh', Mapko Lypnan', Jbubana Munnh'2
'YHUBEP3UTETCKN KNMHUYKO-60NHNYKY LieHTap ,3Be3papa’, KnuHika 3a xupyprujy ,,Hukona Cnacuh’, Beorpag, Cpbuja;

2YHuBep3uTeT y beorpagy, MegnumHckun dakyntet, beorpag, Cpbuja

CAXETAK

YBopg PynTypa aHeypu3me noBpLUnHCKe emopanHe apTepuje
npeAcTaB/ba U3y3eTHO pefak KNMHUYKW EHTUTET, Ca yyecTano-
why marom of, 1% cBUX NeprdepHNX aHeypusmm, yKIbyuyjy-
hn 1 nceypoaHeypusme, ogHocHo ceera 0,5% Kapaa ce pam o
npaBvm neprpepHnM aHeypmsmama. Linm oBor papa je npukas
OMjarHOCTUKE U XVMPYPLLKOT Nleyetba PETKe PYMnType NpaBe aHe-
ypr3Me NoBpLUNHCKe peMopanHe apTepuje.

Mpuka3 6onecHuka MNpukasyjemo 6onecHrKa ctapocTy 80 ro-
[VHa, MpYMbeHoT 360r U3HEHaAHOTr 6ona y fecHoj Ho3u. Knu-
HVYKMM NPerneaom 1 pagnonoLIKoM ArjarHOCTUKOM noTephe-
Ha je pynTypa 130510BaHe aHeypr3Me NOBPLUMHCKE GpemopanHe
apTepuje. Tpu meceLia HaKOH MojaBe NPBUX CUMNTOMA U3BEfEeH

DOI: https://doi.org/10.2298/SARH250816085P

je SFA-SFA 6ajnac ca AakpOHCKUM rpadTom nNpeyHrka 8 mm, a
60MeCHYK ce MOTNYHO OMOPaBMO, Ca OMUMNIBUBUM My/ICOBMMA
Ha CTonanvma Ha KOHTPOJIHOM Mperiey nocsie Mecel JaHa.
[lBa MeceLja HakoH OTnycTa 13 6oNHULIE 6ONECHMK je MPEMUHYO
o[, aKyTHor nHbapKTa M1MoKapAa, LWTo je oHemoryhuno game
npaheme.

3aksyuak OBaj npvikas notephyje Aa je 1 Tpu Mecelia nocne
pynType aHeypur3mMe NoBpLUMHCKe demopanHe apTepuje Moryhe
noctuhv NOTNYHY TePanujcKkn yCnex y3 NnpuMeHy afileKBaTHe
XUpYpLIKe MeToe.

KrbyuHe peun: noBpLIMHCKa demopanHa apTepuja; pyntypa
aHeypuv3me; NpaBa pemoparnHa aHeypusma; pynTypa
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The role of nonadherence in donor-specific
antibodies formation and their effects on kidney
transplant function
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SUMMARY

Introduction Antibody-mediated rejection is one of the leading causes of graft loss after kidney trans-
plant. Donor-specific antibodies (DSAs) are recognized as biomarkers of transplant rejection. The aim of
this study was to describe the association between nonadherence and DSA formation.

Case outline A 21-year-old patient underwent a living-related donor kidney transplant procedure in
October 2017. The donor had the same blood type as the patient with one mismatch at the HLA-B and
HLA-DR loci. The presence of pre-transplant human leukocyte antigen donor-specific antibodies (HLA-
DSA) was not confirmed. The postoperative course was uneventful. Three months post-transplant, low
tacrolimus levels and consequent increase of serum creatinine were evident. Five months post-transplant,
the occurrence of HLA-DSA was confirmed along with de novo donor-specific anti-HLA-DQB1*06:04,
mean fluorescence intensity (MFI) was 20,725. Acute antibody-mediated rejection of kidney transplant
was diagnosed, and the following treatment was applied: corticosteroid pulses, immunoglobulins, and
plasmapheresis. Stable graft function persisted over the following one-year period, but over time, low
tacrolimus levels, increase in serum creatinine, and proteinuria reappeared. Heteroanamnestic data
indicated irregular taking of immunosuppressive drugs and an inadequate hygiene-dietary regimen.
Repeated anti-HLA-DQB1*06:04 testing revealed MFI of 5933. Graft biopsy demonstrated elements of
chronic active antibody-mediated rejection, acute T-cell-mediated rejection, interstitial fibrosis, and
tubular atrophy. Despite repeated anti-rejection therapy, total graft loss occurred.

Conclusion Nonadherence to recommended immunosuppressive regimen brought about the de novo
HLA-DSA formation as well as production of antibody-mediated and T-cell-mediated rejection, and
consequent total loss of kidney transplant function.

Keywords: kidney transplant; nonadherence; donor-specific antibodies

INTRODUCTION

Antibody-mediated rejection has been rec-
ognized as the leading cause of graft dysfunc-
tion and graft loss after kidney transplant.
Antibodies against the human leukocyte an-
tigen play a major role in this process, thus
making it a critical barrier for solid organ
transplantation. Precise and timely detection
of human leukocyte antigen (HLA) donor-spe-
cific antibodies (DSAs) is vital for evaluating
humoral immune status of patients pre- and
posttransplantation. According to the occur-
rence time and type of immune response,
HLA-DSAs are distributed into three groups: 1.
HLA-DSAs identified before kidney transplant
(preformed HLA-DSASs) can cause early rejec-
tion, such as hyperacute rejection, accelerated
acute rejection, early acute antibody-mediated
rejection, and graft loss; 2. de novo HLA-DSAs
developed after transplant are associated with
late acute antibody-mediated rejection, chronic
antibody-mediated rejection, and transplant
glomerulopathy; 3. “benign” HLA-DSAs are not
considered clinically relevant because they are

not associated with antibody-mediated rejec-
tion and graft loss [1].

The technology of screening antibodies has
advanced from the complement-dependent
cytotoxicity assay, enzyme-linked immuno-
sorbent assay, to multiplexed particle-based
flow cytometry (Luminex) — a qualitative mi-
crobead-based immunoassay for the detection
of both class I and II IgG anti-HLA antibodies.
Single antigen beads are used to characterize
the preformed HLA-DSAs before transplant as
well as any de novo development of HLA-DSAs
after transplant [2, 3].

Current transplant practices recommend
against offering a kidney from the donor ex-
pressing an unacceptable HLA antigen (posi-
tive virtual crossmatch). Only the patients
whose HLA antibodies are not donor-directed
will appear on the match run (negative virtual
crossmatch).

The development of de novo HLA-DSAs af-
ter kidney transplant was reported in 13-30%
of previously nonsensitized patients. The risk
factors for de novo HLA-DSAs include the fol-
lowing: 1) high HLA mismatches (especially DQ
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mismatches), 2) inadequate immunosuppression and non-
adherence, and 3) graft inflammation, which can increase
graft immunogenicity. De novo HLA-DSAs are predomi-
nantly directed to donor HLA class II mismatches and usu-
ally occur during the first year of kidney transplant but can
appear at any time, even several years later. HLA-DSA bind-
ing to antigen expressed on allograft endothelial cells can
activate the classic complement pathway, a key pathological
process of acute antibody-mediated rejection phenotypes
[1]. Some HLA-DSAs can cause graft damage through an-
tibody-dependent cellular cytotoxicity and induce subclini-
cal and chronic antibody-mediated rejection phenotypes.
Furthermore, HLA-DSAs can cause graft injury by direct
activation of endothelial proliferation and consequent de-
velopment of transplant glomerulopathy and vasculopathy.

According to the World Health Organization (WHO),
adherence to long-term therapy is defined as the degree to
which the person’s behavior corresponds with the agreed
recommendations from a responsible health care provider
(physician, nurse) with regard to the type and dosage of
drugs, dietary regimen, daily habits, and work-life balance.
Nonadherence is quite common after kidney transplant,
occurring in about 22% of patients (reported prevalence
rates range 8—55% in some transplant centers) [4, 5, 6].
Intentional nonadherence is manifested by deliberate mod-
ification of treatment recommendations by the patient,
such as irregular or improper taking of prescribed medica-
tion (e.g. omission on weekends or holidays, skipping the
dose, taking lower or higher doses than prescribed, chang-
ing dosing intervals, consuming drugs at an improper time
of the day, taking the wrong drug, complete discontinu-
ance of the therapy). Nonadherence also includes nonat-
tendance at scheduled control examinations, avoiding or
rejecting laboratory appointments. Risk factors for non-
compliant behavior of the patient after kidney transplant
can be attributed to the patient themself, transplant center,
or therapy regimen. Patient-related factors can pertain to
age, sex, renal transplantation without a previous period
on dialysis, education level, socioeconomic factors, taking
psychoactive substances, and history of previous nonad-
herence with other therapeutic procedures. Factors associ-
ated with the transplant center include inadequate pre- and
posttransplant education, poor communication and lack
of confidence in the transplant team, and period after the
transplantation procedure. Potential lack of cooperation
between patient and health care provider may be attrib-
uted to the therapeutic regimens implicating a wide range
of diverse drugs, adverse effects of drugs, as well as high
medication costs.

It is important to differentiate adherence from compli-
ance. According to WHO, adherence requires the patient’s
commitment and active participation in the treatment,
relying on good communication between the patient and
health care provider as the prerequisite for a successful
clinical course. Contrary to that, compliance represents
a passive following of medical advice, where the patient
is regarded as an object and solely a recipient of care [4].

Besides other factors associated with graft loss, such as
glomerulonephritis, polyoma virus nephropathy, medical/

‘ DOI: https://doi.org/10.2298/SARH250718088P
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surgical conditions, antibody-mediated rejection is re-
sponsible for graft loss in more than 50% of cases (64% of
cases). Within this sample population, a high percentage
(47%) was associated with the de novo formation of DSAs
due to nonadherence [6]. Accordingly, de novo DSAs are
associated with a significant reduction in 10-year graft
survival vs. in the no de novo DSA group [7].

The aim of this study was to describe the association
between nonadherence and de novo DSA formation with
consequent rejection and permanent loss of kidney trans-
plant function.

CASE REPORT

The patient was subjected to chronic hemodialysis in
December 2016, with chronic tubulointerstitial nephritis
as the most probable underlying cause of end-stage renal
disease (kidney biopsy was not performed since the dis-
ease had been diagnosed at a highly advanced stage). In
October 2017, the 21-year-old patient underwent kidney
transplant from a living-related donor with a matching
blood type. HLA typing revealed one mismatch at the
HLA-B and one in HLA-DR loci (MM 2/6) with a nega-
tive final crossmatch with fresh serum from the recipi-
ent and lymphocytes from the donor (CDC). Induction
therapy included a monoclonal antibody [IL-2 receptor
blocker (basiliximab (Simulect, Novartis Pharma AG,
Basel, Switzerland), 20 mg on days 1 and 4)] and methyl-
prednisolone (750 mg; 10 mg/kg body weight). Tacrolimus,
mycophenolate mofetil, and prednisone were used as im-
munosuppressive maintenance therapy. Serum samples
from the recipient were analyzed for class I and class II
IgG HLA antibodies using a qualitative microbead-based
immunoassay based on a Luminex platform. The presence
of donor-specific class I and class II IgG HLA antibodies
was confirmed neither six months nor one month before
(prospective) as well as 15 days after the transplant pro-
cedure. Also, complement-dependent cytotoxicity (CDC)
assay performed one month before transplantation did
not reveal the presence of class I and class Il HLA-DSAs.

Immediate postoperative course at the Department for
Transplant Surgery was uneventful, without complications
and with a gradual decrease of serum creatinine levels (val-
ue at discharge from hospital: creatinine = 110 umol/L),
satisfactory diuresis, while ultrasonographic examination
revealed normal graft morphology and patency of vascu-
lar structures. Low levels of tacrolimus (2.3 ng/mL) were
observed at the regular outpatient control examination
performed three months posttransplant (January 2018)
followed by gradual increase of serum creatinine levels,
which reached twice its initial value after five months (in
March 2018). The patient was hospitalized and underwent
additional examination to identify the reasons for graft
function impairment. The following results were obtained:
negative urine and blood BK virus DNA PCR, negative cy-
tomegalovirus DNA PCR, and hemolytic uremic syndrome
was excluded. Qualitative detection of IgG antibodies in re-
cipient’s serum revealed the presence of class I and class II
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Figure 1. Tacrolimus levels during follow-up

HLA-DSAs, with very high anti-HLA-DQB1*06 antibody
titer and mean fluorescence intensity (MFI) values being
anti-HLA-DQB106:01 MFI = 21,446, 06:02 MFI = 19,870,
06:03 MFI = 20,507, 06:04 MFI = 20,725. It was confirmed
that anti-HLA-DQB106:04 antibody was a donor-specific
de novo formed antibody (supplementary high-resolution
HLA typing confirmed that the donor was a DQB106:04
carrier). Acute antibody-mediated rejection of kidney
transplant was diagnosed and treated with corticosteroid
pulses, immunoglobulins (total 50 g) combined alternately
with five plasmapheresis sessions. The treatment resulted
in gradual normalization of serum creatinine levels (maxi-
mum creatinine level was 226 umol/L, creatinine level at
the end of the therapy was 133 umol/L). Monitoring of
serum tacrolimus levels and dosage adjustment was per-
formed. The dose of antihypertensive drugs was increased
to stabilize arterial hypertension. Stable graft function
persisted over the following one-year period, that is, until
January 2019, when low tacrolimus levels (1.4 ng/mL), in-
crease in serum creatinine, and proteinuria were detected
again. Heteroanamnestic data indicated an irregular tak-
ing of immunosuppressive drugs as well as an inadequate
hygiene-dietary regimen during Christmas and New Year
holidays. Repeated HLA-DSAs testing revealed the pres-
ence of class I and class IT anti-HLA-DQB1 IgG antibodies,
yet with significantly lower MFI values as compared to
those recorded in March 2018 (anti-HLA-DQB1*06:04
MFI = 5933). Percutaneous graft biopsy was performed.
Histopathological analysis revealed morphologic changes
in all nephron components, C4d-positive staining in < 10%
of peritubular capillaries, chronic active antibody-mediated
rejection (2b), acute T-cell-mediated rejection (Banff grade
IA), interstitial fibrosis, and tubular atrophy (I) according
to the Banff classification. Corticosteroid pulses, immu-
noglobulins (0.5 g/lkg body mass), and five plasmapheresis
sessions were prescribed. The treatment did not result in
the desired therapeutic response; thus, total graft loss oc-
curred (Figures 1 and 2).

Ethics: Before the start of the study, approval was granted

by the Ethics Committee of the University Clinical Center
of Vojvodina, Novi Sad, Serbia (No.: 00-281). Written
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Figure 2. Serum creatinine concentrations during follow-up

informed consent was obtained from the patient to pub-
lish this case report.

DISCUSSION

As far back as some 30 years ago, the age of the patient was
considered to play an important role in nonadherence after
renal transplant. Relative risk for adherence to medical
recommendations in patients over 50 and younger than 20
was 1.564 and 0.800 (95% CI), respectively [8]. Moreover,
kidney transplant from a living-related donor (as was the
case in this article) is frequently reported as the reason for
nonadherence, as compared with cadaveric transplanta-
tion. nonadherence occurs most commonly and is par-
ticularly pronounced during holiday seasons [9, 10, 11].
Nonadherence leads to suboptimal immunosuppres-
sion and consequent alloimmune activation and graft loss.
Posttransplantation nonadherence to prescribed immuno-
suppressive regimen has been identified as an independent
risk factor for unfavorable clinical course and a cause of
36% of kidney transplant losses [9]. Considering its im-
portance and vital effects on immunosuppressive regimen,
nonadherence is suggested to be regarded as the “fifth vital
sign,” which should be timely identified through regular
monitoring of immunosuppressive drug levels (e.g. tacro-
limus) and de novo formed DSAs. Problem identification
and development of a personalized action plan with specific
solutions (simplified medication regimen, education, and
psychological behavioral support) are pivotal [12, 13, 14].

In the presented case, the unfavorable clinical course
is to be attributed to nonadherence to recommended im-
munosuppressive regimen. Nonadherence has provoked
suboptimal immunosuppression with consequent de
novo formation of HLA-DSA and, most likely, primary
antibody-mediated rejection. Continuous nonadherence
further resulted in acute T-cell-mediated rejection with
elements of chronic active antibody-mediated rejection
and complete loss of function of the transplanted kidney.

Conflict of interest: None declared.
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Ynora Henpugp:kaBatba Tepanuje y HaCTaHKy aHTUTena cneuuduUHKUX 33 40HOpa U
HUXO0B YTUL,Aj Ha PYHKLMjy TpaHCNAAHTMpaHoOr bybpera

Jlaga Metposuh', rop Mutnh', fejaH hennh?, Munnua Monosuh? fopgaHa CrpaxmeluTep-MajctopoBuh?
'YHuep3utet y HoBom Caly, MeanunHcku GakynTeT, YHUBEP3UTETCKM KNMHUYKN LieHTap BojBoauHe, LieHTap 3a TpaHcnnaHTauujy opraHa,

henuja n TknBa, Hosu Cag, Cpbuja;

2YHuBep3auTeT y HoBom Cagy, MeauumHCKN dakynTeT, YHUBEP3UTETCKN KNMHUYKK LieHTap BojsoguHe, KnHika 3a Hedponorujy u KNMHUUKY

umyHonorujy, Hosu Cag, Cpbuja

CAMETAK

YBop AHTUTENMA NOCPEeAOBaHO ofbaLMBatbe jefiaH je of Bofe-
hunx y3poka rybutka rpadra HakoH TpaHcnaHTauwje byopera.
AHTUTena cneumnduyHa 3a goHopa (DSA) npeacTaBsbajy jenaH
of 6riomapKepa OBOT MPOLeCa, a b paja je 61o Aa nprikaxe
YJIOry HeagxepeHLyje y hUXOBOM HaCTaHKYy.

Mpukas 6onecHnka bonecHnKy ctapom 21 rofuHy, y oKTo-
6py 2017. ropvHe, ypaheHa je TpaHcnnaHTauuja 6ybpera of
XKMBOT, COOAHOT AaBaoLja UCTe KPBHe rpyne, ca jefH!M Herno-
aynaparbem y HLA-B n HLA-DR nokycy. lNpe TpaHcnnaHTaumje
Huije fJOKa3aHO NpucycTBO aHTU-HLA aHTUTena cneunpuyHmnx
3a floHopa (HLA-DSA). lNocTonepaunoHm ToK je npoTekao 6e3
KomnauKkauwja. Tpu mecelia HAKOH TpaHCMIaHTaLwje 3anaxeH
je HM3aK HBO TaKpPONMMYca, Mocsie Yera je ycneamo nopact
KOHLIeHTpaLuje cepyMCKOr KpeaTnHuHa. [eT meceun HakoH
TpaHCcnnaHTaumje gokasaHo je npucyctso HLA-DSA, ca HoBo-
CTBOPEHMM aHTUTENIOM CreLnGUUHIM 3a AOHOPa, aHTU-HLA-
-DQB1*06:04, cpefrer MHTeH3UTeTa GpryopecleHuuje (mean
fluorescence intensity — MFI) og 20.725. 3ak/byueHo je Aa ce
pagu o akyTHOM, aHTUTENMMa NMOCPEA0BaHOM OAbaLMBatby
TpaHcnIaHTUpaHor bybpera, Te je NpuMereHa cnepeha Tepa-
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nuja: nyncHa KOPTUKOCTEPOUAHA Tepaniuja, MMyHOro6ynnmHu,
nnasmadepesa. CrabunHa PpyHKUMja rpadTa ogpxaHa je Ha-
penHuX roAvHY faHa, Kaga Cy ce MOHOBO PErMcTPOBany HU3aK
HVBO TaKpPOJMMYca, MOPaCT CEPYMCKOT KpeaT/HIHa 1 nojaBa
npoTenHypuje. XeTepoaHaMHECTUYKI Cy oOMjeHN nogaLm o
HepenoBHOM Y3VMatby UMYHOCYNPECUBHUX NIeKOBa U Heage-
KBaTHOM XUT/jEHCKO-ANJEeTETCKOM PEXIMY KIBOTa.
[loHoB/bEHA aHanm3a aHTUTena aHTu-HLA-DQB1*06:04 noka-
3ana je BpeaHoct MF/ of 5933. buoncujom rpadta HaheHu cy
€N1eMEeHTUN XPOHUYHOT aKTUBHOT aHTUTENMMa NocpefoBaHOr
ofbaLMBarba, akyTHor T-henvjama nocpesoBaHor oAbdaLyBatba,
VHTepcTuuujanHe drbpose 1 TybynapHe atpoduje (knacudu-
Kauuja no baHdy). I nopes noHoB/bEHe Tepanuje NPOTUB OA-
6aLmBatba, OO je O NOTMyHOr ry6uTka dyHKuUmje rpadTa.
3ak/byyak HenpupgpaBarbe npenopyyeHor MMyHOCynpecmB-
HOT peXrMma JOBeNoO je 1o HacTaHKa de novo HLA-DSA, kao v go
pa3Boja aHTUTeNMMa 1 T-hennjama nocpegoBaHor ogbaLBamba,
ca NocneguyHVM NOTNyHUM ryoruTKom GyHKLMje TPaHCMIaHTV-
paHor 6y6pera.

KmyuHe peun: TpaHcnnaHTauuja 6ybpera; HeagxepeHuuja;
aHTMTena cneyudUyHa 3a JoHopa
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Insulin resistance as a risk factor for endometrial
cancer — a case report of fertility-sparing treatment
of early-stage endometrial cancer
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SUMMARY

Introduction Endometrial cancer is the most common gynecologic malignancy, and up to a quarter of
cases are diagnosed in patients under the age of 45. Important risk factors that create a hyperestrogenic
environment are obesity, polycystic ovary syndrome, insulin resistance, and type 2 diabetes mellitus.
The standard treatment is classic hysterectomy with bilateral salpingo-oophorectomy; however, this
treatment leads to loss of fertility, which poses an issue for younger patients who have not completed
childbearing. Therefore, in certain cases, hormonal therapy could be used for early-stage endometrial
adenocarcinoma to preserve fertility.

Case outline A 32-year-old female patient with insulin resistance presented with an ultrasonographic
finding of an endometrial polyp, and after hysteroscopy and thorough evaluation, a well-differentiated
adenocarcinoma of the endometrium (G1), FIGO stage IA, was verified. A conservative treatment was car-
ried out with a levonorgestrel intrauterine device and a gonadotropin-releasing hormone (GnRH) analog
for six months. After six months of therapy, there were no signs of malignant cells, and she conceived
naturally. Eventually, the patient delivered a healthy baby.

Conclusion Insulin resistance is a potentially modifiable risk factor and thus important in cases of fertil-
ity preservation treatment. Management could reduce cancer risk and improve reproductive outcomes.
Further studies are needed to better understand the impact of insulin resistance treatment on the success
of fertility- sparing management and the rate of recurrence.

Keywords: endometrial cancer; oncofertility; fertility-sparing treatment of endometrial cancer; insulin

resistance

INTRODUCTION

Endometrial cancer (EC) has an incidence of
4.3% and is the most common malignancy
of the genital tract among Caucasians [1].
Available data suggest that up to a quarter of
cases are diagnosed in patients under the age
of 45 who have not yet completed childbearing
[2]. In these cases, the diagnosis is often made
incidentally after hysteroscopy or curettage of
the uterine cavity, typically performed as part
of an infertility evaluation, due to ultrasound
findings of an endometrial polyp or irregular
bleeding. Although most histopathological
types of EC are considered hormone-sensi-
tive, lifestyle and environmental factors have
a significant impact on the development of
cancer [3]. Known risk factors for EC include
age, race, early menarche, late menopause, nul-
liparity, and conditions that create a hyperestro-
genic environment, such as obesity, polycystic
ovary syndrome, insulin resistance (IR), type
2 diabetes mellitus, and metabolic syndrome
[4]. Metabolic disorders characterized by hy-
perinsulinemia can impact carcinogenesis
through various molecular mechanisms [3].
IR is a fundamental component of metabolic
syndrome, and many studies have linked IR
to cancer [5]. Genetic predisposition, such as

Lynch syndrome and BRCA mutations, is also
a significant nonmodifiable risk factor [6, 7].
The importance of discussing treatment op-
tions for EC among premenopausal women is
significant. The standard treatment is hyster-
ectomy with bilateral salpingo-oophorectomy
[8]. However, this treatment results in the loss
of reproductive function, which poses an issue
for younger patients who have not completed
childbearing and wish to become pregnant.
Thus, in certain cases, hormonal therapy could
be used as a treatment option for early-stage
adenocarcinoma of the endometrium to pre-
serve fertility [9]. This treatment option is also
important in terms of quality of life because
five-year survival rate of stage I EC is 85% [10].
According to the guidelines of the leading
European societies for gynecologic oncol-
ogy [the European Society of Gynecological
Oncology (ESGO)], radiotherapy and oncol-
ogy [the European Society for Radiotherapy
and Oncology (ESTRO)], and pathology [the
European Society of Pathology (ESP)], a con-
servative treatment approach could be taken
for patients under 45 years old with well-dif-
ferentiated early-stage endometrial adenocarci-
noma [9]. Hormonal therapy may include oral
progestins, GnRH analogs, and an intrauterine
device with levonorgestrel. In case of complete
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response, pregnancy is recommended. After successful
pregnancy and completing childbearing, definitive surgery
(standard hysterectomy) is advised, as the recurrence rate
can be as high as 25% [11].

Since EC is strongly associated with modifiable risk
factors such as insulin resistance, timely recognition and
adequate treatment are important. It could be substantial
for EC prevention, the success of fertility- sparing treat-
ment, and lowering recurrence risk. Therefore, the aim of
this case is to emphasize the significance of modifiable risk
factors in a cancer patient.

CASE REPORT

A 32-year-old female patient, GOPO, presented with an
ultrasonographic finding of an endometrial polyp dur-
ing a regular checkup, with regular menstrual cycles and
no irregular intermenstrual bleeding. Apart from insulin
resistance calculated by the homeostatic model assess-
ment index, there was no other comorbidity. The patient
was taking only metformin. Body mass index was normal
(20 kg/m?). Family history was unremarkable. As a gold
standard for endometrial polyp evaluation, hysteroscopy
was performed. Well-differentiated adenocarcinoma of
the endometrium (G1) was verified after hysteroscopy;,
polypectomy, and uterine curettage. The next step was to
determine the clinical stage according to the International
Federation of Gynecology and Obstetrics (FIGO) clas-
sification [12]. An MRI of the abdomen and pelvis was
performed to rule out myometrial invasion, adnexal in-
volvement, and concomitant ovarian tumor. According to
pelvic MRI, the endometrial lining was nonhomogeneous,
with a hypovascular 3-mm lesion within the endometrium
without myometrial invasion; the endometrial-myometrial
junction was intact.

To initiate conservative treatment, assessment by two
expert pathologists is required to confirm the diagnosis,
which was also done, confirming the diagnosis of endome-
trioid adenocarcinoma (G1) of the endometrium. Standard
evaluation for patients preparing for fertility- sparing
treatment includes a chest radiograph, hormonal and
thyroid status assessment, Pap smear for cervical cancer
screening, and breast ultrasound. After complete evalua-
tion, an early stage of well-differentiated adenocarcinoma
(FIGO stage IA) was diagnosed. Considering the type and
stage of EC, young age, nulliparity, and a strong desire to
preserve fertility, the clinical board approved conserva-
tive treatment that involved insertion of a levonorgestrel
intrauterine device along with a GnRH analog for six
months. The ultrasound examination after three months
of therapy was unremarkable, and no side effects were
reported. Menstrual bleeding ceased after three months
of therapy. Intrauterine device removal and a follow-up
hysteroscopy with curettage of the uterine cavity were per-
formed after six months. Histopathological examination
showed no atypia or malignant cells. After two negative
biopsies six months apart and three months after the last
hysteroscopy, the patient conceived spontaneously. She

‘ DOI: https://doi.org/10.2298/SARH250610095B
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had an uncomplicated pregnancy and delivered a healthy
male child weighing 4500 g via elective cesarean section.
Postpartum hysteroscopy and curettage revealed no signs
of malignancy.

Ethics: According to the journal’s position on issues in-
volving ethical publication, written consent for publication
of this article has been obtained from the patient.

DISCUSSION

The case of a young patient with insulin resistance as
arisk factor for endometrial cancer, who was successfully
treated conservatively with hormone therapy, is presented.

There are two types of endometrial cancer that differ
in their pathogenesis, aggressiveness, and prognosis. The
far more common type is type I, which is found in almost
90% of cases [8]. It is considered an estrogen-dependent,
well-differentiated cancer and is associated with insulin
resistance, obesity, and type 2 diabetes mellitus [8, 10].
Type I occurs more frequently before menopause and dur-
ing early menopause and has a favorable prognosis [8]. In
contrast, type II is estrogen-independent, less differenti-
ated, occurs in older patients, and carries a higher risk
of rapid progression and an unfavorable outcome [3, 13].

The case presented is a type I, well-differentiated carci-
noma that occurred in a young patient with no symptoms.
The incidence of this malignancy is increasing in women
younger than 50 years old [14]. This trend could be linked
to today’s sedentary lifestyle and the higher incidence of
risk factors among the younger population, such as obesity,
insulin resistance, and type 2 diabetes mellitus [15].

The only risk factor noted in this patient was insulin
resistance. The influence of insulin resistance on the de-
velopment of malignancy can be explained by metabolic
dysregulation involving inflammatory cytokines, growth
factors, various enzymes, and free fatty acids [16]. Elevated
insulin levels, chronic inflammation, and hyperactivation
of growth pathways are associated with the development
and progression of cancer [17]. An important metabolic
pathway activated by insulin and insulin-like growth fac-
tor 1 (IGF-1) is the PI3K/AKT/mTOR pathway, leading to
cell proliferation, invasion, and metastasis [16]. This path-
way is also crucial for understanding the effect of treat-
ment with metformin, which is the drug of choice [18].
Metformin leads to the suppression of the mTOR signaling
pathway, reducing the concentration of insulin and IGF-1,
thus suppressing protein translation and cell proliferation
[19]. Although previous studies’ results are controversial
regarding the reduction of cancer incidence in patients
with diabetes treated with metformin, it is still important
to recognize risk factors [16, 20]. Timely recognition of risk
factors such as insulin resistance, diabetes, and obesity and
their treatment as part of conservative treatment for early-
stage endometrial cancer is valuable because it reduces
the effect of insulin and IGF-1 on the endometrium [21].
Insulin is thought to influence estrogen receptor expres-
sion, thus affecting endometrial proliferation and potential

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):609-612



Insulin resistance as a risk factor for endometrial cancer - a case report of fertility-sparing treatment of early-stage endometrial cancer

carcinogenesis [22]. This influence may contribute to a
better endometrial response to the local action of the le-
vonorgestrel intrauterine device.

A levonorgestrel-releasing intrauterine device, alone or
in combination with oral progestins or GnRH analogs, is
a recommended option for conservative treatment of en-
dometrial adenocarcinoma [9]. The latest guideline from
ESGO advises a levonorgestrel intrauterine device and/or
oral progestins as first-line treatment [9]. GnRH analogs
are an alternative therapy with protective effects on ovar-
ian reserve, contributing to improved pregnancy rates, and
many studies reported satisfactory results with GnRH ana-
logs [9]. Standard protocol in our institution for conserva-
tive treatment of early-stage endometrial cancer consisted
of a levonorgestrel intrauterine device with GnRH analogs
for six months and was introduced over a decade ago [23].

Although no statistical significance was observed
in studies examining the effect of insulin resistance on
mortality after hysterectomy in endometrial cancer, the
effect of insulin resistance on the outcome of conser-
vative treatment could be more significant because the
uterus remains, and the endometrium could still undergo
malignant transformation [20]. This is supported by the
results of the study by Li et al. [21], who showed that
the time to relapse in patients with endometrial cancer
treated conservatively is significantly shorter in those
with insulin resistance compared to those without. Also,
considering the normal values of the body mass index
in our patient, the influence of obesity and peripheral
conversion of estrogen on the endometrium and tumor
formation is ruled out.
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ity and mortality [10]. This should be noted especially in
cases of definitive radical treatment where the protective
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Insulin resistance is recognized as a significant and po-
tentially modifiable risk factor for endometrial cancer. Its
role could be particularly important in cases of fertility
preservation treatment. Early identification and manage-
ment of metabolic abnormalities could reduce cancer risk
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WUHCYNMHCKa pe3ncTeHuMja Kao GpaKToOp pM3MKa 32 KapLMHOM EHA0METPUjyMa
— NPUKa3 Clyyaja KOH3ePBATMBHOT JIeYerba PaHOr CTaaujyma KapuuHoma

eHAoMeTpHjyma

AnekcaHpapa benecnun!, Onra Muxamesuh', bpaHucnas Munowesuh'?, Urop Muanh'2, KatapuHa CrepaHosuh'?
'YHMBep3nTETCKM KNUHIYKM LeHTap Cpbuje, KnuHiKka 3a ruHekonorujy v akylwepctso, beorpag, Cpbuja;

?Ynusepautet y beorpapy, MeguunHcku dakyntet, beorpag, Cpbuja

CAXETAK

YBop KapurHom eHaomeTpurjyma Hajuelw iy je rmHeKoowKM
ManUrHUTET N CKOPO YETBPTMHA ClyyajeBa ce AnjarHOCTUKYje
Kop 6onecHuLa mnahux of 45 rogmHa. BaxkHn gpaktopu prismka
KOju CTBapajy xunepectporeHy CpeavHy Cy rojasHocT, CUHAPOM
NOMVLMUCTAYHUX jajHMKa, MHCYNIMHCKa pe3ncTeHuUrja 1 anja-
6etec menutyc Tvna 2. CraHaapaHW BUA Neyetsa je KnacuyHa
XUCTepeKToMmja ca brnatepanHOM afiHeKCEKTOMIIjOM, anii OBaj
TPEeTMaH JoBOAU [0 ry6nTKa GepTunmnTeTa, WTO NpefCcTaB/ba
npo6nem 3a Mnahe 6onecHyLe Koje joL HICY ocTBapue pe-
npoayKTUBHY GyHKUKjY. Y oppeheHum cnydajeBruma moryhe
je cnpoBecT\ XOpPMOHCKY Tepanujy Kao Buf KOH3epBaTUBHOT
neyerba y by ovyBatba depTunmTeTa.

Mpuka3 6onecHuka bonecHnum cTapoj 32 roariHe, ca MHCY-
JIMHCKOM Pe3nNCTEHLMjOM Kao GaKTOpoMm pu3mka, ypaheHa je
XUCTEPOCKOMCKa nonunekTomuja 36or yntpasyyHor Hanasa
eHfomMeTpujanHor nonuna. HakoH xmctonaTtonoluke seprdu-
KaLmje 1 eBanyaLuje AnjarHOCTKOBaH je fobpo andepeHoBaH
afeHoKapunHoM eHgomeTpujyma, ctagujym |A. CnposepeH je

DOI: https://doi.org/10.2298/SARH250610095B

KOH3epBaTVBHY TPETMaH MPUMEHOM UHTPAYTEPUHOT YNIOLLIKa
ca neBoHoprecTpenom n GnRH aHanora Tokom Lwect meceuu. C
00631poM Ha TO fAa je nocne WwecTomeceyHe Tepanuje ypaheHa
KOHTPOJHa XMCTePOCKOMMja 1 Aa XMCTOMATONOWKM Hanas Huje
YKa3ao Ha NpYCyCTBO MaNMrHUTETA, CaBETOBaHa je TpyaHoha.
BonecHuua je croHTaHo 3aTpyAHena, ycnewHo je n3Hena Tep-
MUWHCKY TPyAHONY 1 poawmna 3ApaBo MyLLKO AeTe.

3akmyuak /IHcynnHcKa pesuncteHumja je dakTop pr3nKa Ha
KOj1 MOXXeMO fia YTUYEMO 1 TaKO CMarbiIMO PU3UK Of HacTaHKa
MaNVrHWTETA, ani 1 No6OsbLIAMO PEMPOAYKTUBHI NCXOA. FbeHa
yriora je noce6Ho BaxHa y KOH3epBaTVBHOM Jleuekby KapLiMHO-
Ma eHAoMeTpurjyMa 1 3aTo Cy moTpebHa JoAaTHa UCTPaXKMBaka
KaKko 61 ce 60sbe pa3yMeo yTuLaj Neyerba NHCYINHCKe pe3u-
CTeHUWje Ha ycrex KOH3epBaT/BHOT JIeuehsa, anu 1 Ha Nnojay
peuunanBa.

KrbyuHe peun: KapLyiHOM eHAOMETPIjyMa; OHKODEepTUINTET;

MOLWTEAHO NeYetbe KapLMHOMa EHOMETPUjyMa; HCYIMHCKa
pe3ncTeHumja
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Mystery corneal opacity ring

Marija Bozi¢, Tanja Kalezi¢, Vesna Mari¢, Bojana Dacic¢ Krnjaja
University of Belgrade, Faculty of Medicine, University Clinical Center of Serbia, University Eye Hospital,

Belgrade, Serbia

SUMMARY

Introduction We present a case of an incidental finding of unusual ring-like bilateral corneal opacities
in otherwise clear corneas in a person with no other ophthalmological disease except cataract. Clinical
findings, laser scanning in vivo confocal microscopy and corneal topography findings do not correspond
to any described corneal degeneration, so the aim of this presentation is to consult with fellow ophthal-
mologists regarding the origin and significance of the described changes.

Case outline “Mystery corneal ring”is found incidentally as a bilateral, asymptomatic, almost perfectly
round in shape, white and situated adjacent to limbus. The appropriate diagnostics performed did not
give an answer as to the origin of these symmetrical opacites.

Conclusion We present previously undescribed symmetrical bilateral corneal opacities, in search of an
answer as to whether any of our fellow ophthalmologists have had similar cases in their practice or know

what type of disorder it is.
Keywords: cornea; opacity; dystrophy

INTRODUCTION

Congenital anomalies of the cornea are changes
of a wide spectrum and do not all have to lead
to a decrease in visual acuity or other symp-
toms. Corneal findings in those cases are most
often bilateral, although they can be asymmet-
ric and are very well classified and described.
However, occasionally in clinical practice we
encounter a finding on the cornea that does not
correspond to any entity described so far. The
aim of this case report is to share our findings
with a wider ophthalmological audience and to
obtain the opinion of our colleagues regarding
the origin of the described changes.

CASE REPORT

A 75-year-old woman presented for cataract sur-
gery. Best corrected visual acuity (Snellen eye
chart) was 0.4 in her right and 0.6 in her left eye.
The corneas were otherwise normal, with single
regular, ring shaped, opacification approximately
3 mm from the limbus. The epithelium overlying
the hazed part of the cornea was regular. Cortical

and nuclear opacities were noted in right lens.
Intraocular pressures (Goldmann applanation
tonometry) were 14 and 16 mmHg. Cup to disc
ratio was 0.3/0.3 in both of her eyes. Central cor-
neal thickness was 525 pm and 524 pm. Corneal
sensations were normal in both eyes. Corneal
opacity did not affect visual acuity.

We did laser scanning in vivo confocal mi-
croscopy and corneal topography that reviled
sharply demarcated single corneal ring, with
smooth surface, and no deposits or pigmenta-
tions, and band like condensations in corneal
stroma (Figure 1 and 2).

Ethics: The patient gave written consent for
this case report to be presented, and the Ethics
Committee of the University Clinical Center
of Serbia gave permission for the presentation
(number of approval 192-22).

DISCUSSION

Similar cases of bilateral ring-shaped opacities
in the cornea have been published earlier, but
none of them corresponds to the case that we
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Figure 1. Topography, slit lamp photography and Heidelberg retinal tomography of the right eye
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Figure 2. Topography, slit lamp photography and Heidelberg retinal tomography of the left eye

are presenting [1, 2]. Opacities in the form of geometri-
cally regular rings on the periphery of the cornea in the
described case look almost like scars from corneal trans-
plant, but the patient did not undergo this surgery. Some
of the similar peripheral corneal opacities are part of the
clinical picture of the well-known corneal dystrophies [3,
4, 5]. Common feature about these previously described
corneal rings is that they become visible at older age and
are non-progressive. In the case that we present, we do not
have data on when the clouding of the cornea appeared,
because the patient did not even register them considering
that they do not affect visual acuity or cause any symptoms.
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MuCTEPMO3HM NPCTEHOBU HA POXKHAYM

We do not have an answer to the question of why our
patient developed bilateral, symmetrical, almost geometri-
cally regular hazy corneal rings. Considering that the pa-
tient has no other ophthalmological problems apart from
cataracts, it is unlikely that a cornea replacement will be
planned, so we cannot expect a histological answer to our
question. In this case, we would like to initiate a discus-
sion of our fellow ophthalmologists who would share their
experiences and opinion.
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CAMETAK

YBop MpriKasyjemo cryyajHu Hanas HeoBNYHMX MPCTEHACTIX
6unatepanHux 3amyherba Ha MHaye MPOBUAHUM POXKHbayama
Kog, ocobe 6e3 fpyrux oGpTanmMonoLKmMx 601ecT 0CrM KaTa-
pakTe. KnHWYKI Hanasw, in vivo KoHpoKanHa MKpockonvja v
Hanasu Tonorpaduje poxmaye He ofroBapajy HujefHoj onmca-
HOj AereHepaLujn poxtbaye, na je b OBe npe3eHTaumje KOH-
CynTauyja ca Konerama opTanMosio3uma y Be3m ca nopeKsiom 1
3HayajeM onmcaHux NpomeHa.

Mpukas cnyyvaja ,MycTeprosHy NpcTeH poxibaye” je cyyajHo
YOUeH Kao bunatepasiHy, aCMNTOMATCKI, FOTOBO CaBPLUEHO

DOI: https://doi.org/10.2298/SARH250706091B

oKpyrior 06nuKa, 6ene 60je 1 cmeluTeH y3 numbyc. Ogrosa-
pajyha anjarHocTuKa Huje fana ofroBop Ha NOpeKsio OBUX
CUMeTpUYHMX 3amyhetba.

3akmyuak lpefcraB/bamo paHuje HeomrcaHa CMMeTPUYHa
6unatepanHa 3amyhera poxHaye, y NoTpasm 3a 04roBopom
Ha NuTame a 1 je HeKo Of Hallyx Konera odTanmosiora NmMao
C/INYHE CilyyajeBe y CBOjoj MpaKCu uau nocepyje casHarba o
KakBoj BpCTy nopemehaja ce pagu.

KrbyuHe peun: poxtbaua; 3amyhetbe; auctpoduja

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):613-614



DOI: https://doi.org/10.2298/SARH250209080)

UDC: 617.731-002

CASE REPORT / MPUKA3 BOJNIECHUKA

Evaluation of macular and optic nerve head
changes in young female patients with unilat-eral
optic neuritis using optic coherence tomography
angiography - two case reports
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SUMMARY

Introduction Optic neuritis (ON) is described as an inflammation of the optic nerve which leads to the
sudden loss of vision taking place over the course of several hours or days. Optical coherence tomography
angiography (OCT-A) is a non-invasive imaging tool which can be used for quantitative measurements
of the microvascular changes in the retinochoroidal layers and optic nerve head.

Outlines of cases We present two case reports of Serbian patients with unilateral ON whose macular and
optic nerve head parameters were observed using OCT-A up to six months following initial diagnosis and
the administration of corticosteroid therapy. Patient 1 was a 23-year-old female with ON in her right eye.
Patient 2 was also a 23-year-old female with ON in her right eye. Retinal nerve fiber layer thickness and
the radial peripapillary capillary plexus density were significantly lower in the affected vs. healthy eyes in
both whole image scan area and optic nerve head (p < 0.05). Central macular thickness was significantly
lower in the affected vs. healthy eyes (p < 0.05). Both superficial capillary plexus (SCP) and deep capil-
lary plexus (DCP) vessel densities in the fovea were significantly lower in the affected vs. healthy eyes
(p < 0.05). SCP vessel density was also lower in the macula of the affected eyes (p < 0.05). Significant
differences related to the size of foveal avascular zone and selected flow area were not found (p > 0.05).
Conclusion ON leaves permanent structural changes which can be detected using OCT-A even in pa-
tients with fully recovered visual acuity. Therefore, OCT-A should be included more in our daily clinical
practice since it can provide useful data for the prognosis of various neuro-ophthalmological diseases

and conditions.

Keywords: optic neuritis; OCT-A; optic nerve head; macula; RNFL; vessel density

INTRODUCTION

Optic neuritis (ON) is described as an inflam-
mation of the optic nerve which leads to the
sudden loss of vision taking place over the
course of several hours or days [1]. It is mostly
idiopathic; however, it can be associated with
a wide range of conditions such as demyelinat-
ing lesions, autoimmune disorders, infectious
and inflammatory conditions, trauma, vascular
insufficiency, metastases, toxins, or nutritional
deficiencies [2]. Optical coherence tomogra-
phy angiography (OCT-A) (Figures 1 and 2)
is a non-invasive imaging tool which enables
high-resolution imaging of the bloodstream in
various layers of the retina, generating three-
dimensional images, therefore allowing quan-
titative measurements of the microvascular
changes in the retinochoroidal layers and optic
nerve head [3].

Here we present two case reports of young
female patients with unilateral ON whose
macular and optic nerve head parameters were
observed using OCT-A up to six months fol-
lowing initial diagnosis and the administration
of corticosteroid therapy.

REPORTS OF CASES

Two female patients, both aged around 23
years, presented to the University Clinical
Centre of Serbia Eye Hospital due to the sud-
den loss of vision followed by pain during eye
movement and reduced color vision in the
right eye. No previous medical history was re-
ported. Patients were taking no medications.
Upon admission, they underwent a complete
ophthalmological examination and diagnosis.
Best-corrected visual acuities (BCVA) were
20/640 and 20/40 in the right, affected eyes,
with both having 20/20 in the left, healthy eyes.
The intraocular pressures were normal, ranged
14-18 mmHg. Ocular movements were in full
range but associated with pain. A relative affer-
ent pupillary defect was present in the affected
eyes. The anterior segment examination was
normal, without any pathological findings. The
posterior segment examination showed a nor-
mal macula, peripheral retina, and optic nerve
head in both patients. Visual field testing (VFT)
of the affected eyes showed significant defects
in all four quadrants. The systemic and neuro-
logical examinations were within normal lim-
its. Both patients received methylprednisolone
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Figure 1. Optical coherence tomography angiography (OCT-A) images
of the first patient; images to the left (A, C) represent radial peripapil-
lary capillary vessel density of the right eye (A), left eye (C); images to
the right (B, D) represent OCT-A macular superficial layer of the right
affected eye B, and the left eye D

S
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Figure 2. Optical coherence tomography angiography (OCT-A) im-
ages of the second patient; images to the left (A, C) represent radial
peripapillary capillary (RPC) vessel density of right eye A, left eye C;
images to the right (B, D) represent OCT-A macular superficial layer of
the right affected eye B, and the left eye D

Table 1. Quantitative optical coherence tomography and optical coherence tomography angiography parameters of the affected and healthy

eyes in two patients with unilateral optic neuritis

Parameters Affected eye (case 1) Healthy eye (case 1) Affected eye (case 2) Healthy eye (case 2)
(mean + SD) (mean + SD) (mean + SD) (mean + SD)
FAZ (mm?) 0.187 = 0.004 0.199+£0.014 0.293 £ 0.020 0.283 = 0.005
CMT (um) 232.85+3.976 242.28 +2.058 216.7 £1.253 229.28 + 1.704
SCP vessel density in the macula (%) 38.987 + 2.564 50.012+3.132 46.714 + 0.786 51.357 £2.702
SCP vessel density in the fovea (%) 16.163 £ 1.316 20.825 £2.526 12.312£2.395 18.96 + 1.957
DCP vessel density in the macula (%) 50.712 +£8.952 55.425 +4.953 55.014 + 2.554 53.501 £5.365
DCP vessel density in the fovea (%) 35.25+4.198 41.47 £ 4.804 33.25+1.168 3747 £1.514
Selected flow area (mm?) 2.244 = 0.059 2.259 £0.059 2.286 £ 0.057 2.313+0.042
RPC density — whole image (%) 50.085 + 2.432 58.171 +1.151 52.728 +2.002 57.814 +1.007
RPC density — PNO (%) 56.83 +3.973 63.72+1.332 63.55+2.597 61.157 £ 2.505
RNFL thickness (um) 82.25+547 124 +297 86.14+4.18 120.14 = 2.67

FAZ - foveal avascular zone; CMT - central macular thickness; SCP - superficial capillary plexus; DCP - deep capillary plexus; RPC - radial peripapillary capillary;

PNO - papilla nervi optici; RNFL - retinal nerve fiber layer

(1000 mg) in the form of pulse therapy intrathecally with
gradual dose reduction. Significant recovery of BCVA in
the affected eyes and reduction of defects in VFT were
observed a few days following corticosteroid administra-
tion. Patients were discharged from the Clinic with oral
prednisone therapy and scheduled for the first check-up
one month after initial treatment.

A month later, at the first post-discharge check-up,
OCT-A images of the macula and optic nerve head were
captured for the first patient (Figure 1) as well as for the
second patient (Figure 2) in both affected and healthy
eyes using the AngioVue OCT-A system version 2017.1
(Optovue Inc., Fremont, CA, USA). Parameters analyzed
using OCT-A (Figures 2 and 4) were as follows: 1. central
macular thickness (CMT), 2. foveal avascular zone (FAZ)
size, 3. macular flow using the automatic “flow” analy-
sis function in a selected area of 3.144 mm? centered on
the fovea, 4. superficial (SCP) and deep capillary plexus

‘ DOI: https://doi.org/10.2298/SARH250209080J

(DCP) density in the macula (scanning area 6 x 6 mm
centered on the fovea) and fovea, 5. retinal nerve fiber
layer (RNFL) thickness (Figures 2 and 4), and 6. radial
peripapillary capillary (RPC) plexus density in both af-
fected and healthy eyes (whole image and inside disc vessel
density). Whole-image vessel density is calculated from the
entire 4.5 x 4.5 mm scan field centered on the optic disc.
Inside disc vessel density refers to the area inside an ellipse
titted to the optic disc boundary [4]. Both patients were
followed during a period of six months. Regular check-ups
were performed on a monthly basis with BCVA, VFT, and
OCT-A of the macula and optic nerve head in both affect-
ed and healthy eyes being checked each time. The differ-
ences were tested using a paired-samples t-test. Statistical
analysis was performed using IBM SPSS Statistics, Version
21.0 (IBM Corp., Armonk, NY, USA), and the difference
was considered significant if p < 0.05. All results are pre-
sented in Table 1 (mean * standard deviation).

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):615-618



Macular and optic nerve head changes in optic neuritis on OCT-A

We did not observe a significant difference related
to the size of the FAZ (Patient 1: t(7) = 3.047, p > 0.05;
Patient 2: t(6) = 1.332, p > 0.05) and selected flow area
(Patient 1: t(7) = 1.074, p > 0.05; Patient 2: t(6) = 0.961,
p > 0.05) in the affected vs. healthy eyes. However, CMT
was significantly thinner in the affected vs. healthy eyes in
both patients (Patient 1: t(7) = 8.496, p < 0.05; Patient 2:
t(6) = 26.14, p < 0.05). Also, SCP vessel density was signifi-
cantly lower in both the macula (scanning area 6 x 6 mm)
(Patient 1: t(7) = 6.705, p < 0.05; Patient 2: t(6) = 4.143,
p < 0.05), and the fovea (Patient 1: t(7) = 4.224, p < 0.05;
Patient 2: t(6) = 11.136, p < 0.05). DCP vessel density was
significantly lower in the fovea of the affected eyes (Patient
1: t(7) = 3.623, p < 0.05; Patient 2: t(6) = 6.073, p < 0.05).
RPC plexus density (whole image) was significantly lower
in the affected vs. healthy eyes (Patient 1: t(7) = 11.925,
p < 0.05; Patient 2: t(6) = 5.768, p < 0.05). RPC plexus
density of the optic nerve head was significantly lower
in the affected vs. healthy eye in one patient (Patient 1:
t(7) = 4.946, p < 0.05; Patient 2: t(6) = 1.522, p > 0.05).
RNFL thickness was significantly lower in both patients
in the affected vs. healthy eyes (Patient 1: t(7) = 20.714,
p < 0.05; Patient 2: t(6) = 18.89, p < 0.05). During this pe-
riod of time, BCVA of the affected eyes showed complete
recovery of 20/20 in both patients, and VFT results were
far better compared to those done previously.

Ethics: Written informed consent was obtained from the
patients for publication of this case report and any accom-
panying images.

DISCUSSION

In this study we investigated vascular parameters of the
macula and optic nerve head using OCT-A in two young
female patients with unilateral ON up to six months fol-
lowing initial diagnosis and the administration of corti-
costeroid therapy. Although BCVA in the affected eyes
improved significantly, reaching 20/20 at the end of the
follow-up period in both patients, permanent structural
changes affecting different retinal layers and the optic
nerve head were observed using OCT-A.

Previous studies have shown that although patients with
a history of ON associated with multiple sclerosis (MS) did
not have any functional visual loss, structural neurodegen-
eration could be demonstrated in the affected eye. RNFL
thinning in the inferior or temporal sector was indepen-
dently associated with ON [5]. Recent studies have also
indicated the importance of RPC plexus density reduction,

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):615-618

as an early event in MS, which may be relevant as a po-
tential biomarker of disease pathology [6]. The reduction
of SCP vessel density in both the macula and peripap-
illary region in relapsing-remitting MS individuals with
or without ON, being more pronounced in ON patients,
has also been demonstrated [7]. Another study showed
that the vessel density of SCP is significantly lower in ON
eyes of both MS and patients with neuromyelitis optica
spectrum disorder (NMOSD) than in non-ON eyes, while
the density of DCP is significantly higher in MS+ON and
MS-ON patients compared to the healthy controls. The dif-
ference was not observed when comparing NMOSD+ON
and NMOSD-ON patients with healthy controls [8]. ON
may cause not only retinal structural damage, but also a
decreased retinal perfusion, even in patients with good
visual acuity following treatment for ON [9]. Other studies
support these patterns of reduced retinal SCP vessel den-
sity which correlate with reduced visual function, longer
disease duration, and higher levels of global disability in
MS patients with ON history [10, 11].

Based on the results of our study, RNFL thickness and
the RPC plexus density were significantly lower in the af-
fected vs. healthy eyes in both the whole-image scan area
and optic nerve head. CMT was significantly lower in the
affected vs. healthy eyes in both patients. Also, SCP and DCP
vessel densities in the fovea were significantly lower in the
affected vs. healthy eyes. Both patients showed significantly
lower SCP vessel density in the macula of the affected eyes.

It can be concluded that even though visual acuity fully
recovered following corticosteroid therapy, ON leaves per-
manent structural changes which can be detected using
OCT-A. Therefore, OCT-A should be included more in
our daily clinical practice since this powerful imaging tool
can provide useful data for the prognosis of various neuro-
ophthalmological diseases and conditions. To the best of
our knowledge, this is the first study designed to investigate
vascular parameters of the macula and optic nerve head
using OCT-A in patients with unilateral ON.

ACKNOWLEDGMENT

Authors’ contributions: MJ, MB, and TK analyzed and in-
terpreted the patient data. MJ, MB, and DV were involved
in conceptualization and writing of the original manu-
script. DV and AR were responsible for manuscript review
and preparation of the study for publication. All authors
read and approved the final manuscript.

Conflict of interest: None declared.

www.srpskiarhiv.rs

617



618

REFERENCES

1.

Hawkes CH, Giovannoni G, Lechner-Scott J, Levy M, Yeh A.
Treatment of first and subsequent attacks in multiple sclerosis.
Mult Scler Relat Disord. 2025;101:106665.

[DOI: 10.1016/j.msard.2025.106665] [PMID: 40803050]

Jugnet M, David T, Pierre M, Valentino R, Mehdaoui H, Merle H.
Therapeutic plasma exchange for severe optic neuritis in a region
with a high prevalence of neuromyelitis optica. Ophthalmol Ther.
2025;14(10):2469-79. [DOI: 10.1007/540123-025-01216-w]

[PMID: 40782297]

Xie J,Ye L, Yang J, Zhong Y, Xu P, Gao B, et al. Comparison of
coronary angiographic-derived and intracoronary imaging-based
fractional flow reserve in assessing coronary artery stenosis
severity: a systematic review and network meta-analysis. J Evid
Based Med. 2025;18(3):e70054. [DOI: 10.1111/jebm.70054]

[PMID: 40810699]

Sihota R, Shakrawal J, Azad SV, Kamble N, Dada T. Circumpapillary
optical coherence tomography angiography differences in
perimetrically affected and unaffected hemispheres in primary
open-angle glaucoma and the preperimetric fellow eye. Indian J
Ophthalmol. 2021;69(5):1120-6. [DOI: 10.4103/1J0.1JO_1191_20]
[PMID: 33913845]

Uctepe F, Orenc P, Gungel H, Toprak UE. Evaluation of optical
coherence tomography findings in patients with multiple sclerosis
and glaucoma. Int Ophthalmol. 2024;44(1):226.

[DOI: 10.1007/510792-024-03099-5] [PMID: 38758396]

Liu J, Song S, Gu X, Li H, Yu X. Microvascular impairments detected
by optical coherence tomography angiography in multiple

Jeremic J. et al.

sclerosis patients: a systematic review and meta-analysis. Front
Neurosci. 2023;16:1121899.
[DOI: 10.3389/fnins.2022.1121899] [PMID: 36711144]

7. El Ayoubi NK, Ismail A, Fahd F, Younes L, Chakra NA, Khoury SJ.
Retinal optical coherence tomography measures in multiple
sclerosis: a systematic review and meta-analysis. Ann Clin Trans|
Neurol. 2024;11(9):2236-53. [DOI: 10.1002/acn3.52165]

[PMID: 39073308]

8.  Rogaczewska M, Michalak S, Stopa M. Macular vessel density
differs in multiple sclerosis and neuromyelitis optica spectrum
disorder: an optical coherence tomography angiography study.
PLoS One. 2021;16(6):e0253417.

[DOI: 10.1371/journal.pone.0253417] [PMID: 34138942]

9.  Cennamo G, Solari D, Montorio D, Scala MR, D’Andrea L, Tranfa F,
et al. The role of OCT-angiography in predicting anatomical and
functional recovery after endoscopic endonasal pituitary surgery:
a 1-year longitudinal study. PLoS One. 2021;16(12):e0260029.
[DOI: 10.1371/journal.pone.0260029] [PMID: 34855775]

10.  Murphy OC, Kwakyi O, Iftikhar M, Zafar S, Lambe J, Pellegrini N, et
al. Alterations in the retinal vasculature occur in multiple sclerosis
and exhibit novel correlations with disability and visual function
measures. Mult Scler. 2020;26(7):815-28.

[DOI: 10.1177/1352458519845116] [PMID: 31094280]

11. Marjanovi¢ |, Mari¢ V, Bozi¢ M. Optical coherent tomography
with angiography in glaucoma. Srp Arh Celok Lek. 2023;151(11-
12):725-9. [DOI: 10.2298/SARH230211096M]

MpoueHa NpomeHa Y MaKyau 1 r1aBU ONTUYKOT HepPBa Kog mnaaux 6onecHuua
Cca YHMNaTepaNHMM ONTUYKUM HeYpUTUCOM Kopulwherbem ONTUUKe KOXEPEHTHE
Tomorpadcke aHruorpaduje — npukas ase 6onecHuue

Mupocnas Jepemuh', Mapuja boxuh'? Tatba Kanesuh'?, [lonmka [. Bacouh', AnekcaHgap Pucumuh!
'"YHuBep3nTeTCKM KNUHIMYKK LieHTap Cp6uje, KnHika 3a ouHe 6onecT, beorpag, Cpbuja;

?Ynusep3utet y beorpapy, MegnunHcku dakynter, beorpag, Cpbuja

CAXETAK

YBoa ONTYKM HEYPUTUC NPEeACTaB/ba 3anabetbe ONTUYKOT
HepBa Koje JOBOAM [0 Harmor rybrTka B1Aa, a pa3suja ce TOKOM
HeKoMKO caTh unm gaHa. OnTnyka KoxepeHTHa ToMorpadpcka
aHruorpaduja (OCT-A) HerHBa3VBHa je MeTofa CHUMatba Koja
Ce Moe KOPYCTUTMN 33 KBAaHTUTATUBHO Mepere MUKPOBACKY-
NapHUX NPOMEHa Y PETUHOXOPVOVAANHUM CJI0j€BMMA 1 FaBu
ONTUYKOT HEePBa.

Mpuka3 6onecHuka MNpukasyjemo ABa cnyyaja 13 Cpbuje.
Kog o6e 6onecHuLe, CTapocTi 23 roariHe, ANjarHOCTKOBAH je
ONTNYKU HEYPUTNC HAa AEeCHOM OKY 1 NpaheHu cy napameTtpu
MaKyre v rnase ontuykor Hepea metogom OCT-A ToKom nepu-
0fla Of WECT MeceL HAKOH NoCTaB/bakba MOYETHE AnjarHose 1
NpUMeHe KOpPTUKoCTepouaHe Tepanuje. lebrbuHa cnoja Heps-
HVIX BflakaHa pPeTrHe 1 FyCTVHa pagmjanHor nepunanunapHor
KanuapHor cnieta 6ue cy 3HavyajHO HUXKe Ha 3axBaheHom
OKy y nopehetby ca 30paBunM, Kako Ha LieNoKyMHO NMocMaTpaHoj
NMOBPLUMHM CHUMKA, TaKo U y Mpefeny rnaBe onTUYKor HepBa
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(p < 0,05). LleHTpanHa febmbrHa Makyne 6una je 3HauajHO Marba
Ha 3axBaheHom oKy (p < 0,05). [yCTrHa KpBHUX CyA0Ba MOBp-
LIMHCKOT KanuiapHor crnieTa 1 fyboKor KanuiapHor creTa
y doBen 6una je 3HauajHO HUXa Ha 3axBaheHOM y ofHOCY Ha
3ApaBo oKo (p < 0,05). [ycTHa KPBHUX CyA0Ba NOBPLUMHCKOT
KanunapHor cnneta 6vna je Takohe HUXa y Makynu 3axsaheHor
oKa (p < 0,05). Hucy ytBpheHe 3HauajHe pasnuke y BeINUYMHN
doBeanHe aBackynapHe 30He HATW y n3abpaHoOM nogpyyjy
npotoka (p > 0,05).

3aksmyyak OnNTMYKM HeYpUTUC OCTaB/ba TPajHe CTPYKTYpHe
npomeHe Koje ce mory oTkputy meTopom OCT-A Yak 1 kop 60-
NIeCHMKa ca NOTMyHO OMOpPaB/beHOM BYAHOM OWTPUHOM. CTo-
ra, OCT-A Tpeba Yelwhe yKibyunBaTyl Y CBAKOAHEBHY KINHNUKY
npakKcy, jep MoXe NPYX1TK JparoLieHe NoAaTke 3a NPOrHo3y
pasnMunNTUX HeypoOodTaIMOIOLLKIX 6ONeCTH 1 CTakba.
KmbyuHe peun: ontnuku Heyputunc; OCT-A; rnaBa onTuyKor
HepBa; XKyTa MpJba; iebsbrHa C/10ja HEPBHYIX BNlakaHa PeTuHE;
ryCTVHA KPBHVX CyA0Ba
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Primitive reflexes in developing and adult brain
— from intellectual disability to dementia
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SUMMARY

Primitive reflexes are involuntary motor responses elicited by sensory stimuli, playing essential roles in
feeding, survival, and protection during the neonatal period. Although primitive reflexes are grounded
in the central nervous system integrity and are crucial for motor development and sensory processing,
they are progressively inhibited and integrated as the frontal cortex matures. The persistence of primi-
tive reflexes beyond 12 months of age may signify underlying neurodevelopmental delays, including
intellectual disability, cerebral palsy, autism spectrum disorder, and other related conditions. At the other
end of the lifespan spectrum, the reemergence of primitive reflexes or frontal release signs is frequently
observed in older patients with various types of dementia, reflecting diffuse cerebral dysfunction and
frontal lobe lesions that impair cortical inhibition of brainstem activity. This paper aims to summarize
the key clinical implications of persistent primitive reflexes in cognitively affected individuals (such as
intellectual disability and dementia) at both ends of the lifespan and to compare their neurobiological
bases and prognostic significance to enhance understanding of these phenomena.

Keywords: primitive reflexes; intellectual disability; dementia; motor development; cognitive develop-

ment

INTRODUCTION

Primitive reflexes (PRs) are automatic motor
responses triggered by sensory stimuli, essential
for newborns’ feeding, survival, and protection
[1, 2, 3]. Emerging around 25-26 weeks of ges-
tation, these reflexes become fully functional
at birth and dominate infant motor patterns
during the first months of life [4]. Although
PRs are grounded in central nervous system
(CNS) integrity and crucial for motor and sen-
sory development, their persistence beyond 12
months of age may indicate neurodevelopmen-
tal delays such as intellectual disability (ID),
cerebral palsy (CP), autism spectrum disorder
(ASD), and related conditions [3-7].

At the other end of the lifespan spectrum,
the intriguing reemergence of primitive re-
flexes, also known as frontal release signs, is
frequently observed in patients with various
dementias. This finding is believed to reflect
diffuse cerebral dysfunction and frontal lobe
lesions that diminish cortical inhibition of
brainstem activity [8]. However, PRs can also
be observed in healthy elderly individuals,
suggesting they may represent normal physi-
ological aging and raising questions about
their clinical significance. Nevertheless, a
recent meta-analysis demonstrated that PRs
in the elderly are strongly associated with an
increased risk of dementia, underscoring the
importance of their careful assessment during

routine physical examinations of patients with
cognitive decline [8].

This paper aims to summarize the key clini-
cal implications of persistent PRs in cognitively
challenged individuals with ID and dementia
at opposite ends of the lifespan and to compare
their neurobiological bases and prognostic sig-
nificance to enhance understanding of these
phenomena.

PRIMITIVE REFLEXES IN TYPICAL
DEVELOPMENT

Primitive reflexes are involuntary motor re-
sponses that enable infants to interact with
their environment and serve as foundational
mechanisms for developing voluntary move-
ment, supporting maturation of the motor and
sensory cortex as well as the temporal-pari-
etal-occipital association area [2, 9, 10]. During
typical development (TD), brainstem-mediated
PRs are gradually suppressed, integrated, and
replaced by cortically controlled voluntary
movements, reflecting normal CNS matura-
tion [11-14]. As motor development advances,
goal-directed actions and communicative ges-
tures emerge through the inhibition of specific
PRs, particularly those involving the hands and
mouth [11, 15]. This process depends on the
frontal neocortex, which exerts top-down con-
trol to inhibit PR pathways [10-13].
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The presence of PRs can be readily assessed in clinical
practice as part of standard neurological examinations in
both pediatric and adult populations; moreover, specific
assessment scales have been developed for children [11,
12, 14]. Most of the over 20 PRs, with major ones listed in
Table 1, typically disappear by 4-6 months postnatally, al-
lowing the development of voluntary movements [1, 2, 3].

Retained PRs are relatively common in TD children,
with prevalence rates among preschoolers ranging from
43.2% to 80%, varying by assessment methods [9, 15-19].
According to some data, over 90% of healthy children aged
4-6 years exhibit at least one PR to some degree [15]. These
findings highlight significant variability in CNS matura-
tion, extending over broader timeframes than previously
recognized. The underlying determinants, likely involv-
ing genetic and environmental factors, remain largely
unknown [1, 2, 3].

PRIMITIVE REFLEXES IN NEURODEVELOPMENTAL
DISORDERS

The phenomenon of retained PRs is attributed to brain
functional dysconnectivity caused by maturational delays
in specific cortical networks. This can lead to compensa-
tory growth in other networks, resulting in asynchronous
development and inconsistent functional abilities [10].
When PRs fail to be suppressed, they continue to drive
bottom-up interference with the cortex, hindering brain
maturation and the establishment of top-down regula-
tory control. This may cause widespread dysregulation
of the nervous, immune, and endocrine systems [20].
Persistence of PRs beyond the first year of life typically
indicates psychomotor developmental delays or neurologi-
cal impairments. This has been well documented in condi-
tions such as CP, ASD, ID, attention-deficit/hyperactivity
disorder (ADHD), developmental coordination disorder,
Tourette’s syndrome, and learning disorders [1, 3, 6, 11,
20-26]. Retained PRs negatively impact motor skill devel-
opment, cognitive processing, and emotional regulation
[5, 27]. When these reflexes persist beyond their typical
integration period, they may interfere with a child’s ability
to coordinate movements, focus attention, and regulate
emotional responses effectively [5, 16, 27].

Frontal lobe maturation delays, the primary cause of
persistent PRs, are also linked to delayed postural reflex
development, hindering sensory-motor milestones such
as crawling and walking. Additionally, these delays often
coincide with impaired executive functions, a common
feature of neurodevelopmental disorders [10]. Early de-
tection of persistent PRs may aid in diagnosing neuro-
developmental disorders, but its reliability is debated [9].
The persistence of PRs in individuals with ID and other
neurodevelopmental disorders can facilitate early identi-
fication of at-risk children, clarify underlying pathologi-
cal mechanisms, and improve understanding of cognitive
impairment pathways. Additionally, it supports targeted
selection for early intervention programs [3, 28].
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Primitive reflexes in intellectual disability

Limited epidemiological data exist on PRs in individuals
with ID because this group is often excluded from studies
or not distinctly separated from other neurodevelopmental
disorders [15, 20-26, 29]. A recent review noted frequent
retention of the Moro reflex in individuals with ID, includ-
ing those with Down syndrome, athetoid CP, and occasion-
ally spastic CP. However, as the primary sources are not in
English, detailed data remain limited [5, 30, 31].

Besides delayed cortical maturation and network dys-
function, especially in the frontal lobes, persistent PRs
have also been associated with abnormal asymmetric de-
velopment of the brain hemispheres [23, 32]. The causes of
retained PRs often remain unclear, but may include insuf-
ficient external stimuli essential for TD and exposure to
harmful environmental factors [9, 12]. While structural
and functional neuroimaging studies have investigated the
mechanisms of PRs in elderly populations with neurologi-
cal disease, no comparable research has been conducted
in individuals with ID.

Clinical significance of persistent primitive reflexes
in intellectual disability

Retained PRs often signify maturational delay, manifested
by structural and functional changes, alongside motor and
cognitive delays [27]. High-risk newborns frequently ex-
hibit abnormal, asymmetrical, or absent reflex response
[10]. Children with ID typically show reduced motor skills
relative to age-matched peers and neurodevelopmental
norms, correlating with ID severity and manual dexterity
[33, 34]. In isolated ID cases, PR persistence is found in
24.6% of cases and is more common in comorbidities like
ASD or CP. The prevalence of retained PRs increases with
ID severity, being higher in severe and profound than in
mild or moderate cases [29].

An early study reported a higher prevalence of the pal-
momental (47% vs. 7%) and snout reflexes (14% vs. 0%)
in individuals with Down syndrome compared to healthy
controls [35]. However, with a mean age of 37 years in the
Down syndrome group, these findings rather represent
reemergence of PRs than their retention [8].

In ASD, Minderaa et al. [29] observed increased preva-
lence of snout and visual rooting reflexes (VRR) compared
to TD controls. Teitelbaum et al. (2002) [36] noted per-
sistence of some PRs in ASD cases, particularly the asym-
metrical tonic neck reflex. De Buildt et al. [37] found the
VRR more common in ASD individuals with ID (43.9%)
than in those with ID alone (24.6%), and its persistence
correlated with lower global cognition and adaptive func-
tioning. Chinello et al. [11] reported greater PRs persis-
tence in 12-17-month-old infants whose parents exhibited
higher subclinical autistic traits.

Healy et al. [13] found a higher prevalence of the snout
and VRR in children with ASD compared to peers with
developmental delays or TD, matched for age (4-6 years).
They proposed that persistence of these reflexes may
serve as developmental biomarkers for ASD, potentially
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Primitive reflexes across life span

Table 1. Major primitive reflexes in infancy, their time-line and purpose [1, 2, 3]

PR

Time-line

Purpose

Moro

From 34th GW to 3-4 months post birth

Instant arousal of survival systems

Palmar grasp

From birth until 5-6 months post birth

Aid clinging (protection from fall)

Walking/stepping

From birth until 6 weeks

Preparation for voluntary locomotion

Doll’s eye (oculocephalic reflex)

Disappears within a week or two after birth

Gaze fixation on stationary objects

Rooting (tactile or visually evoked)

From 28 GW to 3-4 months of age

Food finding; breastfeeding

Appears at 28 GW and disappears within

Sucking 24 months Feeding
Snout Appears at 26 GW and disappears within Feeding
3-6 months
Glabellar Disappears within 3-6 months Blinking in response to tactile stimulation - eyes protection

Asymmetrical tonic neck reflex

From 18 GW to 3-6 months after birth

Assists through birth canal and in developing cross
pattern movements

Galant From birth until 3-9 months

Assists baby with birth process, crawling and creeping

PR - primitive reflex; GW - gestational week

Table 2. Primitive reflexes across the lifespan — prevalence, clinical significance, associated conditions [1, 2, 3, 8, 40]

Lifespan segment Prevalence

Clinical significance

Associated conditions

Prenatal
since the third trimester

Present in all healthy fetuses | Normal finding /

(birth to 2 years) until 6 months birth

Infancy and toddlerhood | Present in all healthy infants | Normal finding within 6 months after

May indicate maturation delay if present
beyond 6/24 months

Early childhood (2-6 Present in 40-90% healthy

years) children subjects

Isolated PRs can be detected in healthy | May indicate maturation delay or

neurodevelopmental disorders, cerebral
palsy

Middle childhood and Up to 65% of healthy

adolescence (6-18 years) | individuals subjects

Isolated PRs can be detected in healthy | May indicate brain injury affecting

frontal lobe or diffuse cortical lesions

individuals subjects

Adulthood (18-65 years) | 6-47% of neurological intact | Isolated PRs can be detected in healthy | May be sign of brain injury or

development of progressive
neurological condition

Late adulthood (older
than 65 years)

40-100% of neurologically
and cognitively intact
individuals

Isolated PRs can be detected in healthy | May be sign of brain injury or
subjects but correlates with cognitive
status; may be warning sign of
cognitive deterioration

development of progressive
neurological condition

PRs - primitive reflexes

facilitating earlier diagnosis, especially in cases with co-
morbid ID [13].

In a cohort of 81 infants with ID without motor dis-
turbances, Futagi et al. [38] observed tendencies toward
retained Galant reflex, asymmetric tonic neck reflex, and
plantar grasp. An earlier prospective study of 53 infants
with developmental delays but no physical disabilities
reported delayed postural adjustment reflexes relative to
chronological age [39].

PRIMITIVE REFLEXES ACROSS THE LIFESPAN

In Table 2, the reported prevalence, clinical significance,
and associated conditions of PRs across the lifespan are
summarized [1, 2, 3, 40]. While PRs are typically present
during early childhood as part of normal neurodevelop-
ment, reflecting immature cortical control, particularly
within the frontal lobes, their gradual suppression within
the first year after birth signifies cortical maturation and en-
ables the development of voluntary movements. Persistence
of these reflexes beyond infancy or their reemergence in
advanced aging often indicates delayed or disrupted frontal
cortical development or neurodegeneration predominantly
affecting cortical networks and their connections, some-
times heralding the onset of cognitive decline [41].
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PRIMITIVE REFLEXES IN NORMAL AGING

Persistent PRs, including the palmomental reflex, snout
reflex, and the sucking reflex can be detected across all
ages in individuals with TD, including older adults without
neurological or cognitive impairments, with their reap-
pearance increasing with age [8, 42]. Early studies reported
that about one in six healthy adults exhibits at least one
PR, with palmomental reflex present in 6-27% of young
adults (20-50 years) and 28-60% of those over 60 years [8,
10, 42]. Results of the Maastricht aging study reported at
least one PR in 47% of men and 51% of those aged 25-45
years, with no associated cognitive dysfunction [41]. Snout
reflex appears in 13% of individuals aged 40-57 years and
22-33% of those above 60; the sucking reflex is observed
in 6% of normal individuals aged 73-93 years [8, 10, 40,
42]. Retained PRs have been detected in 33% of neuro-
logically and cognitively healthy aging subjects (age range
45-91 years), and their presence correlates with decreased
performance on cognitive tests compared to those without
PRs, although suntil within the normal range [40]. This
indicates that retained PRs may be a warning sign of incipi-
ent cognitive decline.

Among isolated, subtle, neurological abnormalities
(ISNAs) in neurologically and cognitively healthy individu-
als, PRs are the most common. They have been linked to
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magnetic resonance imaging (MRI) markers of small vessel
disease, the most frequent form of vascular brain changes
associated with cognitive decline and dementia, includ-
ing deep and subcortical white matter hyperintensities,
lacunar infarcts, and subcortical atrophy [43, 44, 45]. In
addition, ISNAs, including PRs, also correlate with vascular
risk factors such as hypertension, hypertriglyceridemia,
and apolipoprotein E (APOE) €4 carrier status [44, 46].
These findings suggest vascular brain damage as a poten-
tial cause and emphasize the clinical relevance of PRs as
early indicators of underlying pathology [44, 46]. Vascular
and degenerative changes accumulate over decades with no
overt cognitive or functional symptoms but likely impair
brain networks [44]. These changes are likely causing PRs
reemergence as an epiphenomenon of covert brain damage
that may precede cognitive decline [44].

PRIMITIVE REFLEXES IN DEMENTIA

The reemergence of PRs is frequently observed in condi-
tions affecting the frontal lobes or their associative areas,
including Alzheimer’s disease (AD), vascular dementia,
frontotemporal dementia, Parkinson’s disease, and other
neurodegenerative disorders [8, 45, 47]. Early studies re-
ported PR prevalence rates of 16% in healthy controls, 32%
in mild cognitive impairment, and 58% in dementia, indi-
cating a progressive increase linked to cognitive decline [6].
Additionally, the presence of any PR increased the likeli-
hood of other neurological signs, such as bradykinesia [46].

A recent meta-analysis of observational and cohort
studies demonstrated that individuals with dementia
have a four- to 16-fold higher risk of exhibiting PRs, par-
ticularly the grasp reflex, compared to healthy controls
[8]. The snout reflex was the most commonly detected,
present in about one half of cases, while the grasp reflex
posed the highest dementia risk, suggesting links between
specific PRs and frontal cortex volume or connectivity
[8]. Further insights into PR reemergence come from
18F-fluorodeoxyglucose positron emission tomography
studies, revealing hypometabolism in the superior frontal
gyrus and putamen and implicating corticostriatal motor
circuit dysfunction (supplementary motor area—putamen-—
thalamus) in dementia patients [48].

Clinical significance of primitive reflexes in dementia

A strong link between PRs and cognitive dysfunction is
well documented. The presence of PRs correlates with
poorer performance in global cognition, executive func-
tion, attention, and language in older adults, suggesting
they may serve as early indicators of cognitive impairment
[8]. Patients with degenerative dementia and PRs exhibit
more severe cognitive and functional decline than those
without PRs [48]. Notably, cerebral metabolism was lower
in patients with PRs in the bilateral superior frontal gyri,
bilateral putamina, and thalami, with no brain regions
showing increased metabolism compared to those with-
out, indicating distinct mechanisms of PR reemergence
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vs. persistence [48]. Analysis of individual reflexes showed
similar hypometabolic brain regions, yet these did not
overlap with primary affected areas in AD or frontotem-
poral dementia, highlighting a unique pathophysiology
associated with PRs [49]. Additionally, PR incidence in-
creases with advancing age.

The presence of ISNAs, including PRs, is observed
across all mild cognitive impairment subtypes, particularly
in cases involving multiple cognitive domains and carriers
of the APOE &4 allele. These abnormalities correlate with
MRI evidence of silent small vessel disease and subcorti-
cal atrophy [49]. Cognitive decline and PR presence likely
share neurodegenerative mechanisms, with prefrontal neu-
ral networks being especially susceptible to aging-related
deterioration manifested as structural degradation, con-
nectivity loss, and functional inefficiency [50].

CONCLUSION

In infants, PRs serve as evolutionary adaptations that en-
hance survival during early life by providing immediate
protection, aiding feeding, and stimulating neural path-
ways crucial for subsequent motor and sensory develop-
ment. As infants mature, most PRs gradually integrate
into more complex behaviors that support motor control,
cognitive processing, and emotional regulation. The per-
sistence of PRs in ID remains understudied, with unclear
underlying mechanisms and clinical impacts. While re-
tained PRs may indicate neurodevelopmental disorders
such as ID, many children exhibiting these reflexes develop
without impairments. In adults, particularly the elderly,
persistent PRs are considered pathological, signaling fron-
tal lobe dysfunction or disrupted connectivity between
frontal and other brain regions, and serve as a warning
sign for potential cognitive decline.

Across the lifespan, there is strong evidence linking mo-
tor and cognitive functions both in children with develop-
mental and intellectual delays and in adults experiencing
progressive cognitive decline and dementia. CNS matura-
tion involves a transition from brainstem-mediated reflexes
to cortically controlled responses; however, vulnerability
of the frontal cortex to aging, vascular, and degenerative
processes leads to loss of top-down regulation.
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MpuMmnTUBHK pedneKcn U Mo3aK y pa3Bojy U 04pacnom A06y — of UHTENEKTYaNlHe

OMETEHOCTU A0 AeMeHuuje

Anekcanapa lasnosuh', AnekcaHppa Bypvnh-3p,paBKOanh', Maja Munosarosuh' 2, Jenena Hhophesunh,

Pywua 3apaskosuh-Napesarosuh', Aparax MNagnosuh'

"YumsepsuTeT y Beorpapy, DakynTeT 3a cnelnjanHy enyKauujy v pexabunutauujy, beorpan, Cpbuja;

/IHCTUTYT 3a MeHTanHo 3pasgsbe, beorpag, Cpbuja;

*Ynusep3utet y Kparyjesuy, OakynteT MeauLIMHCKIX HayKa, KparyjeBal, Cpbuja;
“KnuHuKa 3a Heyponorujy 1 ncuxujatpujy 3a gely u omnaguty, beorpag, Cpbuja

CAXETAK

MpUMNUTVBHN pedneKcn Cy HEBOSbHY MOTOPUYKIN OJTOBOPU
KOj!i Ce aKTUBMpPajy CEH30PHUM CTUMYJTYyCUMA U UMajy Kiby4HY
YJIOTy Y Xpatbetby, NpeXBbaBatby 1 3alUTUTN Y HEOHaTaTHOM
nepuopy. lako cy 3aCHOBaHU Ha UHTErpUTETY LleHTPasHOr
HEePBHOI CUCTEMA M HEOMXOAHN Y MOTOPUYKOM Pa3Bojy 1 CeH-
30pHOM NpoLiecrpatby, TOKOM ca3peBatba GPOHTaNHOT KOp-
TeKca UHX1OVPajy ce 1 MHTerpuLy. lbrxoBo Tpajatbe HaKoH
12 meceuu o poherba MoXe yKa3mBaTh Ha HEYPOPA3BOjHO
Kalltberbe, yKIbyuyjyhu nHTenekTyanHy omeTeHocT, Lepebpan-
Hy mapanusy, nopemehaj 13 cnekTpa ayTuama u fipyre nope-
mehaje. Ha gpyrom Kpajy *MBOTHOT CneKTpa NOHOBHa Mojasa
NPUMUTUBHMX pedriekca Man NprcycTBo fe3nHXUOULNOHNX

DOI: https://doi.org/10.2298/SARH250906089P

beHoMeHa yecTo ce jaBsba Kof CTapujux NaLmjeHaTa ca CBUM
BpCTaMa ieMeHLmje, LITO YKa3yje Ha Andy3Hy LiepebpanHy anc-
byHKUWjy 1 ne3uje GPOHTANHOT pexiba Koje criabe KopTUKaHy
WHXUOULMjY aKTUBHOCTY MOXJaHor cTabna. Liusb oBor papa
je pa cymmpa rnaBHe KNMHUYKe UMMKaLmje Nep3ncTeHTHUX
NPUMUTUBHMX pedriekca Kog 0coba ca KOTHUTUBHUM 13a30-
BMMa (Kao LUTO CY MHTeNEeKTyasHa OMEeTEHOCT 1 AeMeHLwja)
Ha Pa3IMYMTUM KpajeBMMa XKVBOTHOT CreKkTpa 1 Aa yropeaw
HbVIXOBY HEYPOOMOSOLLKY OCHOBY 1 MPOFHOCTUYKY BPEAHOCT
pagwu 6osber pasymeBatba OBOr GeHOMeHa.

KrbyuHe peun: npuMUTMBHY pedneKcu; HTeNeKTyaHa omeTe-
HOCT; ileMeHLinja; MOTOPUYKU Pa3Boj; KOTHUTUBHU Pa3Boj
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SUMMARY

Salivary gland carcinomas (SGCs) are uncommon malignancies, representing less than 5% of all head and
neck cancers. They exhibit marked variation in their histological types, as well as in clinical and biological
behavior. According to the 5™ edition of the World Health Organization (WHO) Classification of Head
and Neck Tumours (5th ed.), in the chapter on salivary gland tumors, there are 21 recognized types of
SGCs. The prognosis of patients with SGCs is currently assessed using the Tumor, Nodes, Metastasis stag-
ing system established by the American Joint Committee on Cancer (AJCC). However, recent evidence
indicates that this system may lack sufficient sensitivity in predicting treatment response and survival
outcomes, particularly with respect to cervical nodal involvement. Notably, the 8th edition of the AJCC
staging protocol applies the same N-classification to both human papillomavirus-negative squamous
cell carcinoma of the upper aerodigestive tract and SGCs, despite marked differences in biological be-
havior, therapeutic strategies, and clinical outcomes between these entities. The pitfalls in the 8th AJCC
N-staging system for SGCs include the lack of prognostic significance of extranodal extension, the lack
of consideration of parotid lymph nodes, and the significance of bilateral neck metastases, which are
extremely rare in SGCs. The aim of the present narrative review was to highlight the unresolved limita-
tions of the AJCC 8th edition.

Keywords: salivary gland carcinoma; staging; classification; pathological nodal status; depth of invasion

INTRODUCTION

Salivary gland carcinomas (SGCs) are rare ma-
lignancies, representing less than 5% of all head
and neck cancers [1, 2]. According to the World
Health Organization (WHO) - Global Cancer
Observatory, in 2020 the global incidence was
0.59 and the mortality rate 0.23 per 100,000
per year [1, 2]. Despite their rarity, SGCs dis-
play remarkable heterogeneity in histological
subtypes, with diverse clinical and biological
behavior. The 5th edition of the WHO classi-
fication of SGCs recognizes 21 distinct primary
malignant entities [3]. Approximately 80% of
SGCs arise in the parotid gland, whereas car-
cinomas of the submandibular, sublingual, and
minor salivary glands of the upper aerodiges-
tive tract account for the remaining 20% [1, 2,
3]. Management typically involves surgical ex-
cision of the primary tumor, neck dissection in
cases of cervical lymph node involvement, and
adjuvant radiotherapy or concurrent chemora-
diotherapy in advanced cases to improve over-
all survival and locoregional control [4].

The survival of patients with SGCs is es-
timated using the Tumor, Nodes, Metastasis
(TNM) staging system developed by the
American Joint Committee on Cancer (AJCC)
[5] (Table 1). The 8th edition of the AJCC stag-
ing system for SGCs aimed to convey disease
extent and stage, enabling physicians to plan
treatment modalities and evaluate prognosis

and outcomes [5]. Thus, the primary role of the
TNM staging system is to predict survival rates
and treatment outcomes. Recent evidence indi-
cates that the current staging system for SGCs
may lack sufficient sensitivity in predicting
treatment and survival outcomes. The aim of
the present narrative review was to highlight
the unresolved pitfalls of the AJCC 8th edition.

DEPTH OF INVASION

Staging of minor SGCs of the upper aerodiges-
tive tract currently parallels that of squamous
cell carcinoma arising in the same sites, despite
substantial differences in their clinical and bio-
logical behavior. In the 8th edition of the AJCC
TNM classification, depth of invasion was in-
corporated into T-staging and introduced as
a key prognostic factor for oral squamous cell
carcinoma, strongly correlated with overall
survival [5, 6]. Depth of invasion, defined as
the vertical distance from the reconstructed
mucosal surface to the deepest point of tumor
invasion, is considered the primary predictor of
lymph node metastasis in early-stage oral can-
cer [5, 6]. However, the application of depth of
invasion to staging minor SGCs remains con-
troversial. Calabrese et al. argued that, as minor
SGCs are typically submucosal in origin, the
concept of depth of invasion is not applicable
in cases where the tumor does not infiltrate the
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Table 1. The AJCC TNM Classifications for Salivary Gland Carcinomas

Primary tumor (T)

Primary tumor (T) - major salivary glands (parotid, submandibular, and sublingual)
X Primary tumor cannot be assessed
TO No evidence of primary tumor

Tis Carcinoma in situ

T Tumor < 2 cm in greatest dimension without extraparenchymal extension*

T2 Tumor > 2 cm but not more than 4 cm in greatest dimension without extraparenchymal extension®
T3 Tumor > 4 cm and/or tumor having extraparenchymal extension*

T4 Moderately advanced or very advanced disease

Moderately advanced disease;
Tumor invades the skin, mandible, ear canal, and/or facial nerve

Very advanced disease;
Tumor invades skull base and/or pterygoid plates and/or encases carotid artery

Primary tumor (T) — minor salivary glands

Minor salivary gland carcinomas are staged, by convention, using the mucosal tumor staging classification, according to the anatomical
site of the tumor

T4a

T4b

Regional lymph nodes - pathological N
NX Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node < 3 cm in greatest dimension and no extranodal extension (ENE [-])

Metastasis in a single ipsilateral lymph node, 3 cm or smaller in greatest dimension and ENE (+);
or a single ipsilateral lymph node > 3 cm but not more than 6 cm in greatest dimension and ENE (-);

N2 or metastases in multiple ipsilateral lymph nodes, none > 6 cm in greatest dimension and ENE (-);
or in bilateral or contralateral lymph nodes, none > 6 cm in greatest dimension and ENE (-)
N2a Metastasis in a single ipsilateral lymph node, 3 cm or smaller in greatest dimension and ENE (+);

or a single ipsilateral lymph node > 3 cm but not more than 6 cm in greatest dimension and ENE (-)
N2b | Metastasis in multiple ipsilateral lymph nodes, none > 6 cm in greatest dimension and ENE (-)
N2c Metastasis in bilateral or contralateral lymph node(s), none > 6 cm in greatest dimension and ENE (-)

Metastasis in a lymph node > 6 cm in greatest dimension and ENE (-);
or in a single ipsilateral node > 3 cm in greatest dimension and ENE (+);

N3

or a single contralateral node of any size and ENE (+)

or multiple ipsilateral, contralateral, or bilateral nodes, any with ENE (+);

N3a Metastasis in a lymph node > 6 cm in greatest dimension and ENE (-)

or a single contralateral node of any size and ENE (+)

Metastasis in a single ipsilateral node > 3 cm in greatest dimension and ENE (+);
N3b | or multiple ipsilateral, contralateral, or bilateral nodes, any with ENE (+);

Distant metastases (M)

MO No distant metastasis

M1 Distant metastasis

basement membrane [7]. These authors suggested that ap-
plying the AJCC 8th edition TNM classification to minor
SGC:s of the oral cavity may result in overstaging and, con-
sequently, overtreatment [7]. Conversely, Das and Misra
emphasized that the submucosal location of minor SGCs
facilitates invasion into adjacent structures (e.g., bone,
muscle, deep neck spaces), thereby supporting the role of
depth of invasion in guiding radical surgical management,
with excision extending beyond the greatest depth regard-
less of basement membrane or mucosal involvement [8].
In the absence of prospective evidence linking depth of
invasion to survival in minor SGCs, its applicability as a
staging parameter remains unclear. Nonetheless, depth of
invasion assessment may aid surgical planning aimed at
optimizing locoregional disease control. To address the
paucity of evidence regarding the prognostic value of depth
of invasion in minor SGCs, imaging-based evaluation -
taking into account glandular anatomy and site-specific
invasion patterns — may serve as a useful adjunct in pre-
operative planning [9, 10].

‘ DOI: https://doi.org/10.2298/SARH241111093B

PATHOLOGICAL CLASSIFICATION AND MOLECULAR
CHARACTERIZATION: THE IMPORTANCE OF HIGH-
GRADE DEDIFFERENTIATION

Recent immunological advances have considerably refined
the classification and treatment of both benign and ma-
lignant head and neck lesions [11, 12, 13]. Within this
context, salivary gland pathology remains one of the most
complex areas in head and neck surgical pathology, where
novel genetic and molecular insights have driven substan-
tial revisions in the 5th edition of the WHO Classification
of Head and Neck Tumors [3, 14]. The key updates in this
edition include: 1) the integration of molecular data to
define new entities; 2) the incorporation of cytological
evaluation in accordance with the Milan system; and 3)
the recognition of high-grade transformation as a signifi-
cant adverse prognostic factor [3, 14].

Given the marked heterogeneity of SGCs, accurate clas-
sification is crucial for selecting appropriate treatment
strategies and for determining survival and prognostic

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):625-631
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outcomes. Notable revisions have been made in the classi-
fication of adenocarcinoma, not otherwise specified, which
has now been subdivided into microsecretory carcinoma,
sclerosing microcystic adenocarcinoma, mucinous adeno-
carcinoma, salivary carcinoma not otherwise specified, and
several emerging entities [3, 14]. In the 5th edition of the
WHO dlassification, molecular alterations were incorporat-
ed into the definitions of multiple malignancies, including
mucoepidermoid carcinoma, adenoid cystic carcinoma,
secretory carcinoma, polymorphous adenocarcinoma, hya-
linizing clear cell carcinoma, mucinous adenocarcinoma,
and microsecretory adenocarcinoma [3, 14].

Histological grading is considered one of the most im-
portant and reliable prognostic factors in SGCs. Grading
is based on the cellular and morphological characteristics
of individual tumors, as well as the recognition of entity-
specific features [15-20]. A high histological grade has
been identified as an independent predictor of poor overall
survival, increased risk of locoregional recurrence, and
higher likelihood of distant metastasis. Brajkovic et al. re-
ported that perineural invasion was frequently associated
with high-grade tumors, correlating with a 32% reduc-
tion in overall survival and an 80% increase in the risk
of local recurrence [16]. To date, a universal histological
grading system for SGCs has not been recommended [3],
and evaluation remains particularly challenging in tumors
with minimal cellular atypia [3, 14]. In this context, mo-
lecular diagnostics play an increasingly important role,
providing insights into tumor biology and informing the
suitability of patients with recurrent or metastatic disease
for targeted therapies.

Furthermore, recent findings suggest that the number of
positive lymph nodes, rather than extranodal extension or
nodal diameter, may represent a more reliable independent
predictor of survival and treatment outcomes in SGCs.

Nodal involvement is widely recognized as one of
the most significant prognostic factors influencing sur-
vival and treatment outcomes in SGCs [1-4]. In the cur-
rent 8th edition of the AJCC staging system, the same
N-classification is applied to both human papillomavirus-
negative squamous cell carcinoma of the upper aerodi-
gestive tract and SGCs, despite the biological and clinical
differences between these entities [5]. For squamous cell
carcinoma, extranodal extension (ENE) and the largest
nodal diameter have been identified as the most criti-
cal nodal prognostic indicators, strongly associated with
survival and treatment outcomes. However, recent trials
reported pitfalls in the AJCC N-staging system for SGCs,
including the lack of prognostic significance of ENE, the
lack of consideration of parotid lymph nodes, and the sig-
nificance of bilateral neck metastases, which are extremely
rare in SGCs [21-25].

Brajkovi¢ et al. [16, 24] reported that the number of
pathologic lymph nodes, rather than ENE or nodal size,
was associated with survival rates and treatment outcomes
in SGCs. The prognosis was statistically significantly worse
in patients with multiple nodal metastases (pN2 and pN3)
than in those with absent or limited nodal involvement
(pNO and pN1) [16, 24]. Lombardi et al. [25] identified
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both the number and the maximum diameter of nodal
metastases as major prognostic determinants of surviv-
al. Based on these findings, the authors proposed novel
N-classifications stratified according to the number of
metastatic nodes (0 vs. 1-3 vs. > 4) and/or their maximum
diameter (< 20 mm vs. > 20 mm) [25]. According to Aro
et al. [26], the number of positive lymph nodes represents
an independent nodal prognostic factor, and patients were
stratified into different stages: NO, N1 (1-2 pN+), N2 (3-21
pN+) and N3 (> 22 pN+ or ENE+). Similarly, Lee et al.
[27] stratified patients with intermediate- and high-grade
SGCs into three nodal stages: NO, N1 (one positive lymph
node), and N2 (> 2 positive nodes and/or ENE+). In addi-
tion, the lymph node ratio, defined as the ratio of positive
lymph nodes to the total number of dissected nodes, has
been proposed as an independent prognostic factor for
survival [28]. Notably, prognostic stratification based on
these proposed modifications to pN staging demonstrated
superior predictive value compared with the current TNM
staging system.

The current AJCC staging system does not recognize
parotid lymph nodes as a distinct prognostic category in
parotid gland carcinomas (PGCs). However, several studies
have highlighted their potential importance. Brajkovi¢ et
al. [24] reported pathologic parotid lymph node involve-
ment in 36% of high-grade PGCs, which was associated
with an increased risk of locoregional relapse and lateral
neck involvement. Similarly, Lombardi et al. [25] demon-
strated that disease localization to parotid lymph nodes
significantly increased the risk of cervical nodal metas-
tases and adversely impacted survival. The presence of
metastatic parotid nodes in parotidectomy specimens
may therefore serve as a predictive marker for cervical
metastases in clinically node-negative (cNO) cases, par-
ticularly in high-grade tumors. Lim et al. reported a 38%
incidence of parotid node metastasis in ctNO cases, which
correlated with occult cervical nodal disease and a higher
risk of locoregional recurrence [29]. Klussmann et al. [30]
further observed that 80% of patients with occult cervical
metastases also had involved parotid nodes. Consequently,
several authors advocate total parotidectomy as the opti-
mal surgical approach for PGCs, even in early-stage tu-
mors (T1/T2) [31]. In contrast, others have questioned the
prognostic significance of parotid lymph nodes, citing the
underdeveloped lymphatic network of the gland, which
may not reliably harbor metastatic deposits [32]. Taken
together, parotid node status may help identify high-risk
patients who could benefit from elective neck dissection
or adjuvant radiotherapy.

Regional lymph node involvement is widely recognized
as an adverse prognostic factor in salivary gland malignan-
cies, underscoring the importance of detecting patients at
high risk for regional metastasis. The standard treatment
for clinically node-positive (cN+) neck disease consists
of neck dissection tailored to the number, size, and extra-
nodal spread of metastatic nodes, followed by adjuvant
radiotherapy [4]. In contrast, management of the clinically
node-negative (cNO) neck remains controversial and is
generally individualized. Elective neck dissection is usually
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recommended when the risk of occult nodal metastasis
exceeds 15-20% for a given tumor type [33, 34]. Several
studies of elective neck dissection in high-grade major
SGCs have reported occult metastases in 20-40% of cases
[4, 16, 24]. In a large cohort of 2807 patients with adenoid
cystic carcinoma of major salivary glands, Xiao et al. [35]
demonstrated that elective neck dissection improved over-
all survival in pT3-pT4 tumors. Similarly, Zbéren et al.
[36] found that patients with parotid carcinoma who un-
derwent elective neck dissection had a significantly lower
rate of locoregional recurrence compared with those man-
aged without elective neck dissection. Occult metastases
following surgical resection of SGCs were most frequently
identified in cervical levels I1, III, and V [37, 38].

DISTANT METASTASES

Distant metastases (DM) represent the leading cause of
treatment failure and mortality in patients with SGCs.
High-grade histology, advanced TNM stage, and nodal
metastases are the principal prognostic factors associated
with DM development. Brajkovi¢ et al. reported a 35% in-
cidence of DM in high-grade SGCs and demonstrated that,
among the TNM stage components, pathological nodal
status was the independent predictor of both regional and
distant metastases as well as poor overall prognosis [39].
Importantly, the number of pathological nodes - but not
ENE or nodal size — was significantly associated with the
risk of DM. Despite excellent locoregional disease con-
trol, the rate of DM remains high, particularly in patients
with high-grade tumors. Freitag et al. [15] and Haderlein
et al. [40] reported five-year distant metastasis-free sur-
vival rates of 62.7% and 56.5%, respectively, in previously
treated patients with high-grade SGCs. The treatment of
metastatic disease is particularly complicated by tumor
heterogeneity.

The National Comprehensive Cancer Network guide-
lines list multiple management options for patients with
distant metastases, including observation, metastasec-
tomy, chemotherapy, concurrent chemoradiotherapy,
hormone therapy, and targeted immunotherapy [41, 42].
Selected patients with oligometastatic disease and good
performance status may benefit from surgical resection;
metastasectomy has been associated with significantly
improved five-year survival, reduced overall mortality,
and lower cancer-specific mortality compared with non-
surgical approaches [41, 43]. Stereotactic body radiation
therapy offers a non-invasive alternative for patients with
oligometastatic disease who are not candidates for surgery
[44, 45]. In contrast, patients with multiple metastases or
a high tumor burden are typically managed with systemic
therapy, targeted immunotherapy, or observation [41]. In
cases of indolent adenoid cystic carcinoma, observation
is often appropriate, with treatment initiated only upon
disease progression [41, 43]. Conventional platinum-based
systemic therapy has demonstrated limited efficacy, pro-
viding modest survival benefit while inducing significant
systemic toxicity [39, 41, 46].

‘ DOI: https://doi.org/10.2298/SARH241111093B
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Table 2. Pitfalls in the current 8th Edition AJCC Staging for Salivary
Gland Carcinomas

- Prospective trials on the correlation between depth of
invasion and survival in minor SGCs;

- Significance of tumor grade due to the variable biological
and clinical behavior of histological subtypes

- Unclear prognostic significance of extranodal extension
and nodal size;

- No consideration of parotid lymph nodes;

- The occurrence of contralateral nodal metastases in major
SGCs is extremely uncommon;

- Prospective trials on the prognostic significance of major
nodal factors (extranodal extension, nodal size, the number
of pathological nodes) are needed

Emerging targeted therapies have shown promising re-
sults, offering comparable or superior efficacy with lower
toxicity relative to conventional chemotherapy [39, 41].
Patients with recurrent or metastatic disease are therefore
encouraged to participate in clinical trials. Specific molecu-
lar alterations may guide treatment selection, such as RET
and NTRK gene fusions, which can be targeted with selp-
ercatinib or pralsetinib (RET inhibitors) and entrectinib or
larotrectinib (NTRK inhibitors) [17, 18]. Similarly, andro-
gen receptor (AR) overexpression in salivary duct carci-
noma (SDC) may be managed with androgen-deprivation
therapy, while human epidermal growth factor receptor 2
(HER?2) overexpression or amplification is amenable to
trastuzumab and potentially other HER2-targeted agents
[19, 20]. In a phase II clinical trial, Takahashi et al. [47]
reported a 70.2% response rate in AR-positive and HER2-
positive SDC treated with trastuzumab and docetaxel. By
contrast, several phase II trials investigating targeted agents
such as cetuximab, imatinib, bortezomib, nelfinavir, and
dovitinib demonstrated only modest activity in metastatic
SGC, with no significant differences in response rates be-
tween adenoid cystic carcinoma and non-adenoid cystic
carcinoma cases [48].

CONCLUSION

SGCs represent a rare and heterogeneous group of tumors
with substantial variability in histological features as well
as locoregional and distant metastatic potential. Tumor
histological grade, AJCC tumor stage, and nodal status are
consistently identified as the most powerful predictors of
survival and treatment outcomes. However, further stud-
ies are required to clarify the prognostic role of depth of
invasion in minor salivary gland carcinomas. Emerging
evidence indicates that the current N-classification, partic-
ularly the inclusion of ENE, may lack specificity in predict-
ing outcomes for salivary gland malignancies. Given that
the primary function of any staging system is to stratify
prognosis, the clinical relevance of ENE and nodal dimen-
sion in SGC staging warrants further investigation. Recent
studies highlight the increasing number of pathologic cer-
vical nodes as a more reliable prognostic factor for survival
and treatment outcomes. Additionally, the current AJCC
staging system does not account for positive parotid lymph
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nodes, despite growing evidence linking their involvement
with locoregional treatment failure.

DM remain the leading cause of mortality and treat-
ment failure in SGCs. Overall survival in metastatic disease
is generally poor, as only a minority of patients present
with operable metastases, while conventional platinum-
based systemic therapies confer limited benefit and con-
siderable toxicity. Novel targeted therapies directed at spe-
cific molecular alterations have demonstrated encouraging
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MoTeHUMjanHU HeAOCTaLM OCMe peBU3Uje KnacuduKaLmje Tymopa N/byBauHUX
}ne3aa AMepUUKOr 3ajeJHUYKOr KOMUTETA 33 PaK

bopusoj bujenuh’, fieHuc bpajkosuh?, Momup CresaHosuh?, BnagaH Hophesuh’

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, beorpag, Cpbuja;

2Ynneep3uTet y HoBom Cagy, MeguuuHckm dpakyntet, Hosu Cag, Cpbuja;
*YHuBep3auTeT y KparyjesLy, GakynTeT MeanLMHCKNX Hayka, Kparyjesau, Cpbuja

CAMETAK

KapuuHomu nibyBauHux xnesga (KIMK) cy petku manuruuteTu,
KOju UnHe marbe of 5% CBUX ManurHuTeTa rnase u Bpata. Oa-
NIKYjy Ce 3HauYajHOM Pa3HOMMKOLLRY XMCTOMOLLKMX MOATUMOBA,
Ca PasNMyNTVIM KIMHUYKAM 1 OUONOLLKVM MOHaLlareM. Y NeToj
peBu3uju Knacudukaumje CBeTcKe 3/PaBCTBEHE OpraHm3aLuje
3a 6onecTy NybyBayYHNX »KNe3aa n3gBaja ce 21 Tin NpUMapHUX
ManurHuTeTa oBrx xne3sga. MpexuerbaBarbe 6onecHnka ca KK
npouetbyje ce Kopuwherwem THM (Tymop, Hozlyc, MeTacTase)
cucTema ctagujyma 6onectu 8. pesusuje AMepUYKor 3ajes-
HMYKOT KOMMTETa 3a pak. HoBa ncTpaxusama yKkasyjy Ha TO
[a TpeHyTHU cucTem ogpehuBarba ctagujyma 6onectu 3a KK
HVije AOBOJbHO OCET/bUB Aa 61 NPeABUAEO NCXOA Nleyera U1
MpexBIbaBatba 601eCHNKa, NOCEOHO Y BE3V Ca PErVIOHaTHUM
nMMGHUM MeTacTazama. Harme, akTyenHn NpoToKon npepsiaxe

Srp Arh Celok Lek. 2025 Nov-Dec;153(11-12):625-631

UCTy HofanHy Knacuéukaumjy 3a HPV-HeraTmBHM CKBamoLie-
NyNapHU KapLHOM ropher aepoanrecTuBHor TpakTta u KIK,
YNPKOC 3HaYajHUM pa3nmkama y 610NnoLKOM MoHaLlakby, MO-
JanuTeTMMa neyerba 1 ncxogmma namehy oBa ABa eHTHTETa.
Hepoctaum y ogpehusamy HoganHor ctatyca Kog KIMXK ykby-
4yjy HejacaH MPOrHOCTMYKM 3Hayaj eKCTPaHOLAHOT LWnpeHa
3a KIM>K, HeogpeheH cTaTyc NapoTnaHUX MMMGHUX YBOPOBA 1
yNWTaH 3Hayaj KOHTpanaTepasHNx MeTacTasa Ha Bpary, Koje cy
n3y3etHo petke kog KIMK. Linmb oBor HapaTvBHOr npernegHor
unaHKa je Aa yKaxe Ha HepgocTaTke y akTyenHoj THM knacndu-
Kauuju 6onect 3a KIXK.

KrbyuHe peum: KapLMHOMU NibyBauHUX Xne3[a; CTagmjym 60-

necTu; Knacndukauuja; NaTonowWwKn HoAaNHM CTaTyc; AybuHa
MHBa3uje TyMmopa
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

ITpe nopxomema pykomica YpeqHUIITBY 4acommca ,,CprcKn
apxuB 3a HenoKyHo neKkapcTBo (CA) cBu ayTopu Tpeda ga
npounTtajy Yuyrcrso 3a ayrope (Instructions for Authors),
rie he nponahu cBe morpedne nudpopmanuje o nucamwy
U IpUIIPpeMM Pajia y CKIafy ca CTaHZapAMMa Yacomuca.
Beoma je BayKHO a ayTOpy IpUIIpeMe paj IpeMa JaTiuM
NPONO3NINjaMa, jep YKOINKO pyKomuc He dyae yckinahen
C OBMIM 3aXTeBMMa, YpegHIIITBO he opmoxxuty mmu ogdu-
TH HberoBo nmydnukopame. Pamosu odjaBmenn y CA ce He
xXoHopapuy. 3a wiaHke Koju he ce odjaButn y CA, camom
noHYRoM pajia CPIICKOM apXIBY CBY ayTOPH Pajia IpeHoce
CBOja ayTOpCKa MpaBa Ha u3gaBaya yacomnuca — Cprcko
JIeKapCKO APYLITBO.

OIIIITA YIIYTCTBA. CA odjaBibyje pajjoBe Koji 10 caja
HIICY HUT/IE 00jaB/beH, y LIe/IOCTI WIN [Ie/IOM, HUTH IIPUXBa-
henn 3a odjapuBame. CA 0djaBbyje pajjoBe Ha €HITIECKOM I
CpIICKOM je3uKy. 350r dorbe HocTymHOCTH 1 Behe UTupaHoCTH
IIperopydyje ce ayTopuMa Ja pajoBe CBUX Od/IMKa Ipefajy
Ha eHI7IecKoM jesuxy. Y CA ce odjaBibyjy creniehe kareropuje
pajioBa: yBOJHWIIN, OPUTMHATHA PaiOBY, IIPETXOHA 11 KpaTKa
CAOIIIITe b, IPMKA3U OOIECHNKA U C/Ty4ajeBa, BIIeO-WIAHIM,
C/IMKe 13 KIIMHIYKe MeMIVHE, IIPETIeNHI PAJiOBH, aKTye/THe
TeMe, PafioBM 3a IIPAKCY, PafloBI M3 MICTOPMje MEVILIVIHE 1 je3-
Ka MeIIMHe, MEeAMLINHCKe eTVKe, Pery/IaTOPHUX CTaHapaa y
MeIULIVIHYL, U3BEILTaj) Ca KOHIPeca 11 HayYHMX CKYIIOBa, IMYHY
CTaBOBM, KOMEHTApPH 110 TI03MBH, IIMCMa YPEIHNUKY, IIPUKa3K
KIBUT3, CTPYYHe BecTH, In memoriam v ppyru npunosu. Opu-
TMHAJTHY PAJIOBY, IIPETXOfHA M KPATKa CAOIIITeha, IPUKa3N
dorecHMKa 1 CTy4ajeBa, BUe0-WIAHIIMN, C/IMKe U3 KIIMHIYKe
MeJMIVIHE, TIPEr/IeffHN PaloBU U aKTye/IHe TeMe, IyOIuKyjy
Ce MICK/bYUMBO Ha €HITIECKOM je31KY, a OCTajie BpCTe pajjoBa
Ce MOTy ITyO/IMKOBATH 11 Ha CPIICKOM je3VKY CaMo 110 OfTyLN
Ypepuumraa. PajoBu ce yBeK 0CTaB/bajy ca CaXKeTKOM Ha
€HITIECKOM U CPIICKOM je3UKy (y CKJIOIy caMOT PYKOTIICa).
TekcT paga KyuaTu y nporpamy 3a odpany texcra Word,
¢douTtom Times New Roman v BemdmHOM CIoBa 12 Tadaka
(12 pt). CBe ueTnpu MapriHe IOLECUTY Ha 25 mm, BeTUIN-
Hy cTpaHniie Ha popmar A4, a TEKCT KYLaTU C BOCTPYKUM
IPOpeJIOM, IeBUM [IOPaBHAbEM U YB/IauetbeM CBAKOT I1acyca
3a 10 mm, de3 ebera peun (xudenanuje). He kopucturu
tady/aTope U y3acTOIIHe IIpasHe KapakTepe (crejcoBe) paju
HOpaBHama TeKCTa, Beh amarke 3a KOHTPOJTY IIOpaBHAba Ha
newupy u Toolbars. 3a mperazak Ha HOBY CTpaHy JOKyMeHTa He
KOPYCTUTH HU3 ,eHTepa", Beh nckpyunso onuyjy Page Break.
ITocre cBaKor 3HaKa MHTEPIYHKIIMje CTABUTY CAMO jefiaH
Ipa3aH KapakTep. AKO ce y TeKCTY KOPMCTe CIIeLMja/THI 3HALV
(cumdonm), kopucturu ot Symbol. Ilogauu o kopuutheHoj
JINTEPATyPHU Y TEKCTY O3HAYABAjy Ce apaliCKyM dpojeBuMa y
YIIIaCTHM 3arpajiama — Hip. [1, 2], 1 To peocieioM Kojum ce
10jaB/bYjy y TeKCTy. CTpaHmIle HyMEPUCATH PELOM Y HOHbeM
IeCHOM YTIIy, TI0Y€B Off HACTIOBHE CTpaHe.

IIpu mucarby TEKCTa Ha €HITIECKOM je3UKY Tpeda ce mpupp-
JKaBaTH je3NdKor ctangapna American English u xopuctutu
KpaTKe I jacHe pedeHnIe. 3a HasyBe IeKOBA KOPVUCTUTI JC-
K/bY4VBO TeHepIIKa MeHa. Ypebaju (amapaty) ce o3HayaBajy
¢dadpuuknm HasMBMMA, a MIMe U MeCTO IpousBohada Tpeda

HABECTH y 0O/MM 3arpajiaMa. YKOJIMKO e ¥ TeKCTY KOPUCTe
03HaKe Koje Cy CIIOj CI0Ba 11 dpojeBa, MPeLN3HO HAIICATH
dpoj Koju ce jaB/ba y CYIepCKPUIITY WM CYICKPUNTY (HIIp.
#Tc, IL-6, O,, CD8). YKONMKO Ce HEmTO yodndajeHo muie
KypsusoM (italic), Tako ce u HaBoaM, HIIp. reHu (BRCAI).

YKONUKO je paji eo0 MarucTapcke Tese, OFHOCHO TOKTOPCKE
aucepTanyje, win je ypabeH y oOKBUpY Hay4HOT IIPOjeKTa,
TO Tpeda nocedHo HasHaunTK y HarmoMeHu Ha Kpajy Tekcra.
Taxobe, ykonmxo je paj MpeTXOQHO CAOMIITEH Ha HEKOM
CTPYYHOM CAaCTAHKY, HABECTY 3BaHMYAH HAa3UB CKYIIa, MECTO
U BpeMe OfjpyKaBarba, 1a JII je paji M Kako Iyd/IMKoBaH (HIIp.
MCTI WIN [PYTadnjii HAC/IOB WM CaXKETaK).

KIIMHNYKA MCTPAJKVIBAIbA. KiyHndKa cTpakiBama
ce mepuHMIITY KaO MCTPaXKMBakba YTNUIAja jeHOT VIV BUILIE
CpezicTaBa WM Mepa Ha MCXOJ 3ipaBba. Perncrapcku dpoj
UCTpaXXIBaba Ce HaBOMIU Y TTOCTIEbeM Pey CaXkeTKa.

ETUYKA CAITTACHOCT. Pykonucy 0 CTpaKuBambyMa Ha
/byayMa Tpeda [ia cafip>Ke U3jaBy y BULY IMCAHOT IPUCTAHKA
UCIUTUBAHMX 0C00a Y CKIafly ¢ XeICHHIIKOM AeK/IapaljoM
1 Of0dperbe HaJlIeXXHOT eTHYKOT 0A00pa fIa Ce NCTPAKBAEbe
MOKe M3BECTH U JIa je OHO y CK/Iajly C IPaBHMM CTaHApAUMA.
ExcriepuMeHTa/IHA NCTPaKUBaha Ha XyMaHOM MaTepujamy
U VICIIMTHBAma BpIIeHA HA XMBOTHbAMa Tpeda fa cafpike
U3jaBy eTHYKOT 0O0pa yCTaHOBe U Tpeda a Cy Y Car/IaCHOCTH
C IIPaBHMM CTaHJAPIVIMA.

M3JABA O CYKOBY MHTEPECA. V3 pykomnuc ce mpuia-
Ke TIOTIMCAHA U3jaBa y OkBUpY odpacua Submission Letter
KOjOM Ce ayTopu M3jalllbaBajy o cBakoM Moryhem cykody
MHTepeca IV BeroBoM OfiCyCTBY. 3a fofatHe MHGOpMaIje
0 pasIMYNTUM BpCTaMa CyKoda MHTepeca MOCeTUTI MHTEP-
HeT-cTpaHuIyy CBETCKOT yApy)Kerba YPeIHIKa MEIUIIMHCKIX
vyaconmca (World Association of Medical Editors - WAME;
http://www.wame.org) mon HasuBoM ,,IlonMTNKa U3jaBe o
cykody nHTepeca.

AYTOPCTBO. Cse 0code Koje cy HaBefieHe Ka0 ayTOPU
pana tpeda na ce kBanudukyjy 3a ayropcro. CBaku ayTop
Tpeda /ja je y4ecTBOBAO JJOBO/LHO Y pajly Ha PYKOIMCY KaKo
d1 Morao Jia mpeysMe OfIrOBOPHOCT 3a IIJIOKYTIaH TeKCT U
pesynrare n3HeceHe y pajly. AyTOPCTBO Ce 3aCHMBA CaMO Ha:
SUTHOM JOIPVMHOCY KOHIICIIIMjU Pajia, [OdMjarby pesynTara
VTV QHAJIU3K U TyMadelby pesy/rTara; I/IaHupary pyKomca
VIV 1€TOBOj KPUTIYKO]j PEBU3H)Y Of, SHATHOT MIHTE/IEKTyaTHOT
3Ha4Yaja; 3aBPIIHOM JNOTEPUBaIby Bep3yje PyKOIca Koju ce
npunpeMa 3a MTaMIambe.

AyTopu Tpeda fa IpMIOKe OMIC JOIPMHOCA TIOjefVHATHO
3a CBaKOI KoayTopa y oKBuUpy odpacia Submission Letter.
DuHaHCHparbe, CAKYIUbakbe MOJATAKa VIV TeHePa/THO HalIyie-
Jarbe MICTPKMBadKe TPyIIe CAMI IO Cedl He MOTY OIpaBJaTi
aytopctBo. CBU Py KOjI Cy HOIIPUHENN M3PAMY Paja, a
KOjJ HUCY ayTOpH PyKoIica, Tpedaso Ou fa dyny HaBemeHu y
3axBaJTHMIIN C OIMCOM FIXOBOT IONPIHOCA Pajy, HAPABHO,
y3 IIMICaHN NIPYCTAHAK.



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IUTATJAPU3AM. Op 1. janyapa 2019. ropguse cBU pyKOICK
NIOABPraBajy ce MPOBEPH Ha IIarujapyusam/ay ToIIaTujapusamMm
npexo SClndeks Assistant - Cross Check (iThenticate). Pagosu
KOJI, KOjUX ce JJOKaXKe IIarujapusam/ ayTorviarujapusam duhe
ofidmjeHn, a ayTopy CaHKI[MOHVCAHM.

HACJIOBHA CTPAHA. Ha npBoj CTpaHMI PYKOIINCA TPe-
da HaBecTu crnenehe: HacoB paga de3 ckpahenniia; npenor
KpaTKOT HAC/IOBa pajia, IIyHa MMeHa U IIpesyMeHa ayTopa
(0es TuTyna) MHAEKCUpaHa OpojeBMMa; 3BaHMYAH HA3UB
yCTaHOBA y KOjiIMa ayTOpM pajie, MECTO 11 IpXKaBy (penocie-
JIOM KOju OAroBapa MHAEKCUPaHUM dpojeBMMa ayTopa); Ha
[HY CTpaHMIIe HABECTI MIMe U IPe3NMe, aipecy 3a KOHTAKT,
Spoj TenedoHna, hakca u MMeji afipecy ayTopa 3ay>KeHOT 3a
KOPECHOHJEeHINjY.

CAJKETAK. V3 opurnHanau paj, IpeTXOZHO U KPaTKO
CaolIlTewhe, Iperie]l TUTepaType, IpuKas crydaja (dome-
CHMKA), paji 13 UCTOPUje MeULIHE, aKTye/IHY TeMY, paj
3a pyOpUMKY je3sVK MeIMIHe U paj 3a IPaKcy, Ha APYToj 1o
Ppeny CTpaHMI JOKYMEHTa Tpeda IPIUIOKUTH CaXKeTaK paja
odnma 100-250 pedn. 3a opurnHaIHe pagoBe, MIPETXOFHO I
KPAaTKO CaoIIlITebe caKeTak Tpeda fja uMa cefiehy cTpyk-
Typy: YBon/Ium paga, MeTope pajia, PesynraTu, 3akbyyax;
CBaKU Off HaBeJIeHMX CerMeHaTa IICaT Kao IocedaH Iacyc
KOju Iounise dogosaHoM peun. HaBectn HajBaxkHUje pesyst-
Tare (HyMepMdKe BPEHOCTH) CTATUCTUYKE aHA/IN3e U HIBO
3Ha4YajHOCTM. 3aK/by4yaK He cMe OuTH yomuITeH, Beh Mopa
OUTH AMPEKTHO MOBe3aH ca pe3y/lITaTuMa paja. 3a IprKase
dorecHrka caxxerak Tpeda a nma cnenehe fenose: Ysop (v
[IOC/Ief[b0j pedeHNIM HaBeCTH 1b), [IpuKas domecHuka,
3ax/pydak; cerMeHTe Takobe mucaru Kao mocedaH macyc
KOj¥ OuMIbe OO/IJOBAHOM pedlt. 3a ocTajie TUIIOBE PajjoBa
Ca)XeTaK HeMa II0CedHY CTPYKTYPY.

KIbYYHE PEYMN. Vicnion Ca’keTKa HaBeCTH Of TPY JI0 ILEeCT
K/bYYHUX peunr uam uspasa. He Tpeda fja ce monapibajy peun
U3 HAC/IOBA, a K/by4He peun Tpeda Jja Sy/y peeBaHTHE VN
omucHe. Y n3dopy KbydHux peunt kopuctutu Medical Subject
Headings - MeSH (https://www.nlm.nih.gov/mesh/meshhome.
html).

ITPEBOJ HA CPIICKM JE3VIK. Ha Tpehoj o peny crpasn-
1V JOKYMeHTa IIPMIOKITH HAC/IOB pajia Ha CPIICKOM je3UKY,
IIyHa MMeHa U IIpesyMeHa ayTopa (§es TUTYy/Ia) MHAeKCupaHa
dpojeB1Ma, 3BaHITYaH HA3MB YCTAHOBA Y KOjIIMa ayTOPY pajie,
MecTo 1 ipkaBy. Ha cne,uehoj — 4eTBPTOj IO PRy — CTPAHMI
[IOKYMeHTa IIPWIOKUTH caxkeTak (100-250 peun) ¢ K/bydHUM
peunma (3-6), 11 TO 3a pafioBe y KOjlIMa je 0daBe3aH caxxeTak
Ha eHITIeCKOM je3uKy. [IpeBop ojMoBa us cTpaHe nuTeparype
Tpeda fa dyze y nyxy cprckor jesuka. CBe cTpaHe pedn Win
CHUHTArMe 3a Koje II0CTOj¥ OfroBapajyhe nme y HaleM jesnky
3aMEHUTHU TUM Ha3MBOM. YKO/INUKO je paji y Lie/IOCTH Ha CpII-
CKOM je3UKY, HOTpedHO je IpeBeCTy Ha3uBe Ipuora (tadena,
rpa¥KOHa, C/IMKa, CXeMa) YKOIMKO VX MIMA, IIeIOKYITHU TeKCT
Y BJIMa 1 JIETeH/Iy Ha eHITIECKN je3UK.

CTPYKTYPA PAJIA. CBM IOFHACTIOBY Ce TINIIY BEMUKUM
macHuM cnosuma (domp). OpurnHamIHU paj U IPETXORHO

U KpaTKo caoImiiTeme odaBesHo Tpeda fa nMajy crenehe
noprHacnose: YBoz (Lnmm paa HaBecTV Kao MOCTIe Y ITacyc
YBopa), Merope papa, PesynraTu, luckycuja, 3akpydak,
JIureparypa. IIpernen mutepaType M aKTyelHy TeMy YiHe:
YBop, ogrobapajyhu nopaacnosn, 3akpydax, Jluteparypa.
IIpBOMMeHOBaHM ay TOP NIPEITIeIHOT pajia MOPa Jia Hasefe dap
et ayTouuTara (Kao ayTop Wiy KoayTop) pajjoBa IyOImKo-
BaHNX y 4aCOMICKMa C pelieHsyjoM. Koayropn, ykomiko nx
uMa, MOpajy [ja HaBey dap jeaH ayTOLUTAT pafioBa Takobe
yOIMKOBAHMX Y Yacomucyma ¢ perieHsujoM. [Iprkas ciaydaja
wm donecHuKa ynHe: Yoy, (LT pajia HaBeCTH Kao OC/IeT Y
nacyc Ysopa), ITpukas donecuuka, Juckycnuja, JInteparypa.
He Tpeda Kxopuctutu nMeHa donecHNKa, MHULIMjajIe, HUTY
dpojese ncropuja domectu, HAPOUUTO Y WIyCTpaLMjaMa.
ITpukasu domecHNKa He CMejy MMATU BUIIe Off IIeT ayTopa.

ITpurore (Tadere, rpadmKoHe, CIUKe UTH.) TOCTABUTI HA KPaj
pyKorca, a y CaMOM Telly TEKCTa jaCHO Ha3HaYMTI MeCTO Koje
ce ogHOCH Ha faTu npuor. Kpajwa nosuimja mpuiora duhe
ozpebeHa y ToKy mpurpemMe paja 3a mydInKoBame.

CKPAREHMIE. Kopuctuty camo Kafia je HeOIXOHO, U
TO 33 BEOMa Jiyradyke Ha3/Be XeMUjCKIX jeINberba, OMHOCHO
HasuBe Koji1 cy Kao ckpahenuiie Beh npernosuar/pnsu (cTaH-
mapnHe ckpahennue, kao uup. THK, cupa, XVB, ATII). 3a
cBaky ckpaheHuIy myH TepMuH Tpeda HaBeCTH PV IPBOM
HaBoDemwYy y TeKCTy, ceM aKko HUje CTaHfapAHa jefuHNIIA
Mmepe. He kopuctutu ckpahenuie y Hacnosy. Vsderasaru
kopuitherme ckpahennia y caxeTky, am ako Cy HEOIIXOJIHE,
cBaky ckpaheHuIy 0djacHITH IIpY ITPBOM HaBODeY y TEKCTY.

JELOVIMAJIHU BPOJEBMU. ¥V TekcTy pajia Ha €HITIECKOM
jesuky, y Tadenama, Ha rpaMKOHUMA M IPYTYM IIPUIO3MMA
feLMMaHe dpojeBe mucaTu ca TaykoM (HIp. 12.5 + 3.8), a
Y TEKCTy Ha CPIICKOM je3NKY ca 3ape3oM (HIp. 12,5 £ 3,8).
Kagz rox je To Moryhe, Spoj 3a0Kpy>KUTH Ha jefiHY AeLuMaty.

JEAVUHMIIE MEPA. Jly>xuny, BUCHHY, TE&XUHY U 3aTIPEMUHY
U3paXKaBaT! y METPUYKMM jefHMIIaMa (MeTap — 11, KIIorpam
(rpam) - kg (g), murap - [) unu muxoBuM jenosuma. Temire-
patypy uspaxasaru y crenennma Llensujyca (°C), kommanny
cyrncraiie y Momima (1ol), a IpUTHCaK KPBY Y MUIVIMETPYMA
skuBuHOr ctyda (mm Hg). CBe pesynraTe XeMaTONTOLIKIX,
KIMHUYKYX ¥ OMOXeMUjCKIX Meperba HaBOJUTH Y MeTpud-
KOM crcteMy pema MebynapopgHaoMm cucremy jemuunia (SI).

OBVIM PAJTOBA. IlenoKynHM pyKOIIIC Pajja KOjy YMHE — Ha-
CTIOBHA CTPaHa, CAKETaK, TEKCT PaJia, CIMCAK IUTepaType, CBU
IIPUIO3H, OFJHOCHO IOTIIVCH 32 X 1 JlereHyia (Tadere, CiuKe,
rpaduKoHM, CXeMe, LIPTeXI1), HACIOBHA CTPaHa I Ca)keTak Ha
CPIICKOM je3MKY — MOpa M3HOCUTH 32 OPUTMHAIHY Pafi, paj
U3 ICTOpMj€ MeiNLHe U pernes muteparype go 5000 pedn,
a 3a IIPETXO{HO M KPATKO CAOIIIITebe, IPUKa3 OONEeCHNKa,
AKTyeJTHy TeMY, PaJi 3a IPAKCY, elyKaTMBHM YWIaHAK 1 paj 3a
PYOpUKY ,,Je3uk Menuuuue no 3000 peun; pajoBy 3a ocTaje
pySpuke Mory uMaru HajBuire 1500 peun.

Buzneo-pagoBu Mory Tpajati 5-7 MUHYTa 1 Suti y popmary
avi, mp4 (flv). Y npBom Kazpy ¢puiMa Mopa ce HaBeCTH: ¥



HafiHac10BY CpIICKI apXUB 32 L{e/IOKYITHO IeKapCTBO, HACTIOB
pajia, Ipe3uMeHa ¥ MHULVjali IMEHA U CPEEbET CIOBA CBUX
ayropa papa (He uiMa), rofyuHa uspage. Y IpyroM Kagpy
Mopa dutn YCHUMIbEH TEKCT pajia y BUAly ancrpakra go 350
peun. Y mocienmeM Kafpy (uaMa MOTy ce HaBeCTH MMeHa
TEXHIYKOT 0c0od/ba (pexnja, CHUMaTesb, CBETIIO, TOH, (HOTO-
rpacuja u c.). Y3 Bumeo-pagoBe FOCTABUTIL: HOCESHO TEKCT
y Buay amncrpakra (fo 350 peun), jenny dpororpadujy xao
WIyCTpaLjy IPUKa3sa, U3jaBy IOTIIVICAHY Of CBET TeXHITYKOT
0cod/pa fa ce OIPITY ayTOPCKIX IIpaBa y KOPKCT ayTopa paja.

ITPUJIO3U PATTY cy tadene, cvke (poTorpaduje, mprexu,
cxeMe, TpadpUKOHM) 1 BUEO-IIPU/IOSIL.

Caaka Tadena Tpeda a dyzne cama 1o cedut 1ako pasym/buBsa.
Hacrios Tpeda otkyary nsHap Tadere, a odjalimberba MCIIOf Hhe.
Tadere ce o3HauaBajy aparckum dpojeBuMa Ipema pefocieny
HaBobema y Tekcry. Tadesie pTaTu UCK/BYYMBO Y IIPOrpaMy
Word, xpos menu Table-Insert-Table, y3 nedunncarbe TaqHOr
dpoja konoHa n perosa Koju he unnHuTH Mpexy Taderne. [le-
CHUM K/IMKOM Ha M1y — nomohy omunja 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 Tademut Tpeda 0djacHUTH y ereH UCIIOf, Tadese. YKONUKO
je PYKOIIIC Ha CPIICKOM je3UKY, IPMIOKUTH Ha3MBe Tadena
u jlereHpy Ha oda jesuxa. Takobe, y jenHy Tadeny, y okBupy
ucte hemje, yHeTI U 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.
Crvike ce 0O3HaYaBajy apaIickiM SpojeBuMa IIpeMa pefocie-
Iy HaBobema y TekcTy. [IpuMajy ce MCK/BYIMBO AUTUTAIHE
¢dororpaduje (pHO-Oerte nn y doju) pesonyuuje HajMarbe
300 dpi n dopmata 3anuca tiff wnn jpg (Mane, MyTHe 1 C/IMKe
noier kBanurera Hehe ce mpuxsarary 3a mrammname!). Yko-
JIMKO ayTOPM He IOCeRYjy VIV HICY y MOTYAHOCTH fa focTaBe
purutante Gpororpaduje, OHA OpUTMHAIHE CIMKe Tpeda
ckeHuparn y pesonyuuju 300 dpi v y OpUriHaIHO]j BETNYIHIL
YKOJIMKO je paji HEOIIXOIHO WIYCTPOBATH Ca BUILE CIIMKA, ¥
pany he ux dutnu odjaspero Hekonuko, a ocrasne he durn y
e-Bep3uju wiaHKa kao PowerPoint npesenTaryja (cBaka cimka
Mopa SUTH HyMepyCaHa 1 VIMATY JIETEHAY).

Bupeo-npunosu (waycrpanyje pajga) Mory tpajatu 1-3 mMu-
HyTa 1 dutn y dopmary avi, mp4(flv). Y3 Buzeo gocraBuru
HOCedHO CMKY Koja &1t duta mirycTparyja Busieo-IpuKkasa
Y e-M3Iamby 11 0djaB/beHa y INTaMIIaHOM M3/amby. YKOMKO je
PYKOIINC Ha CPIICKOM je3MKY, IPUIOKUTI Ha3uBe C/IMKa U
JlereHy Ha 0da jesuka.

Cruke ce y cBeCIy MOTY LITAMIIaTH y 0ju, ay JOfaTHe
TPOIIKOBe IITaMIle CHOCE ayTOPI.

Ipaduxonu tpeda na dyny ypabenu u gocrapbenn y mporpamy
Excel, ma du ce Bupene nparehe BpegrocTu pacropebene o
henujama. Vicre rpadukone npexonuparu n y Word-os fo-
KYMeHT, I7le ce Ipa(pUKOHI O3HAYaBajy aparcKiM dpojeBnma

IpeMa pefociefly HaBohema y TekcTy. CBM Imopanu Ha rpa-
¢duxony Kyuajy ce y doury Times New Roman. Kopuihene
ckpahenniie Ha rpaduKOHy Tpeda 08jacCHUTH Y JIeTeH M YICIION
rpaduKoHa. Y IITaMIIaHOj Bep3Uju WiaHKa BepOBaTHUje je /i
rpaduxoH Hehe Sutn mramman y doju, Te je dosbe nzderaparu
kopuitheme doja y rpaduKoHMa, WV MX KOPUCTUTY Pasyn-
YUTOT MHTEH3UTETA. YKOIMKO je PyKOIUC Ha CPIICKOM je3VKY,
IPWIOXKWUTY HasyBe rpadyKOHa 1 JIereHAy Ha 00a jesuka.

ITprexu u cxeMe ce fOCTaBbajy y jpg win tiff popmary. Cxeme
ce Mory upTaru u y nporpamy CorelDraw nm Adobe Illustrator
(mporpamu 3a paj; ca BeKTOprMa, Kpusama). CBIL [OJALy Ha
cxemn Kynajy ce y poury Times New Roman, Befn4yHa CloBa
10 pt. Kopumhene ckpahennrie Ha cxemu tpeda odjacHutn
y JIET€H/M UCIOf, cXeMe. YKOJIMKO je PYKOIINC Ha CPIICKOM
je3UKY, IIPUIOXKITH HasVBe cxeMa I JIETEHAY Ha 00a jesuKa.

3AXBAJTHUIIA. HaBecTu cBe capaiHMKe KOju Cy JOIpPHU-
HeJIU CTBapakby pafia a He JICITYIbaBajy MepiIa 3a ay TOPCTBO,
Kao 1ITO cy ocode Koje 0de3debyjy Texunuky nomoh, momoh
y IMcay paja Wi PyKoBOJie Ofie/berbeM Koje 0de3dehyje
oIty noppiuky. @rHAHCKjCKA ¥ MaTepujaIHa moMoh, y
O/IVIKY CIIOH30PCTBA, CTUIIEH N2, TIOK/IOHA, OIIPeMe, JIEKOBa
u ipyro, Tpeda Takobe fa dyze HaBefeHa.

JIMTEPATYPA. Crucak pedepeHIN je OATOBOPHOCT ayTo-
pa, a GUTHpaHU WiaHIM Tpeda fa SyAy MaKo IPUCTYIAYHN
yyTaonyma yaconuca. Crora y3 cBaky pedepeHiry odapesHo
tpeda HaBectyt DOI 8poj wiaHKa (jeAMHCTBEHY HICKY Kapak-
Tepa Koja My je nonebeHa) u PMID Spoj yKOMMKO je wiaHak
uHpexcupat y dasu PubMed/MEDLINE.

Pedepentie HyMepycaTyt pegHIM apaIcKuM dpojeBrMa IpeMa
penocneny HaBohema y Tekcty. Bpoj pedeperiu He it Tpedaro
na dyne Behu ox 30, ocuM y mperyieny nuTeparype, y KojeM je
I03BOJbEHO fia X dyze 1o 50, 1 y MeTaaHamsy, Ije UX je 10-
3BO/beHO 1o 100. Bpoj unTupannx opurnHaIHUX pajosa Mopa
Sutn Hajmame 80% of yKyIHOT dpoja pedepeH i, OHOCHO
Spoj LIMTHMPaHNUX KIbITA, IOIIAB/bA Y KIbJTaMa I IIPer/IeTHIX
wriaHaka Mamy off 20%. Ykonmko ce romahe MoHorpadcke
nydnuKalyje 1 WiaHIM MOTY YBPCTUTH Y pedepeHlie, ayTo-
PY CY LY)KHU [ia MX LUTHpajy. Behnta urupanux HayqHmx
4yraHaka He Ou Tpedasno ga dype ctapuja of meT rOAWMHA.
Huje mo3Bo/beHO INTHparbe alicTpaKaTa. YKOIMKO je SUTHO
KOMEHTApUCaTU pe3y/Tare KOjii Cy IyO/IMKOBaHNU CaMo Y BUAY
aTCTPAKTa, HEOIIXOJHO je TO HABECT! y CAMOM TEKCTY pajia.
Pedepentie wianaka koju cy npuxBaheHy 3a LITaMITY, a/Ii jOLI
HICY 00jaB/beH, Tpeda 03HAUNUTI Ca in press U MPUIOKUTH
IOKa3 o IIpMXBaTalby paja 3a 0djaB/buBatbe.

Pedepente ce urupajy npema Bankysepckom cruny (YHU-
bopmricaHyM 3aXTeByMa 38 PYKOIINCE KOjI ce Ipefajy droMe-
IVMIMHCKIM 4acOIICHMa), KOju je ycroctasno Mebynapoman
KOMUTET ypeIHUKA MeIUIMHCKUX dacomca (http://www.
icmje.org), unju popmar xopucre U.S. National Library of
Medicine n daze HayuHux mydmkanyja. IIpumepnu HaBoherma
myd/mKarnyja (WIaHaKa, KEJra I APYTVX MOHOTrpaduja, efek-
TPOHCKOT, He0djaB/beHOT U PYTOr 00jaB/beHOT MaTepujasa)
Mory ce mpoHahu Ha MHTepHeT-cTpaHuLy https://www.nlm.



nih.gov/bsd/uniform_requirements.html. Ilpunmxom HaBobema
NUTepaType BeoMa je BaKHO IPIAPKaBATI Ce IIOMEHYTOT
CTaHJApAa, jep je TO jefaH of HajduTHMjKX (akTopa 3a NH-
IeKcuparbe IPYINKOM KIacu(uKaryje HayIHNX JacoIlyca.

IIPOIIPATHO IIVICMO (SUBMISSION LETTER). V3
PYKOIIIC 00aBe3HO IPMIOKUTI 0dpasall KOjit Cy IOTIICANIN
CBM ayTOPU, a KOju cafip>Kut: 1) M3jaBy fja paji IpeTXOHO Huje
IyOIMKOBAH U fia HIIje MICTOBPEMEHO IIOIHET 32 00jaB/blBaIbe
HEKOM [IPYTOM YacOIIICY, 2) U3jaBY fa Cy PYKOIIUC IPOINTAIN
¥ OFOdPYIIVL CBY Ay TOPM KOjI MCIIYIbaBajy MepIIIa ayTOPCTBa,
1 3) KOHTAKT IIOfJaTKe CBMX ayTopa y pany (azpece, nmejn
appece, renedone uT.). branko odpasarr Tpeda npeyseru ca
nHTepHeT-cTpanuie yacorca (http://www.srpskiarhiv.rs/en/
submission-letter/SubmissionLetterForm2023.pdyf).

Taxobe je moTpeSHO FOCTABUTH KOIHje CBUX HO3BOTIA 3a: Pe-
HPOJYKOBabe MPETXONHO 0jaB/beHOT MaTepyjaa, yrnoTpedy
wiycTparyja 1 odjap/byuBare NHGOPMaLja O HO3HATIM JbY-
[VIMa VIV IMEHOBAbe JbYAVL KOjJi Cy HOIIPYHENN U3Paf Paja.

YIAHAPVUHA MHAKHAJE 3A ObPAIIY 1 OBJAB/bI-
BAIBE WIAHKA. [Ta 6u paj; 610 pasmaTpaH 3a 0djaB/plBarbe
y yaconucy Cpilcku apxué 3a yenoKyiiHo 1eKapciiéo, CBU
ayTOpM KOjit Cy JieKapy miy croMmarosnosu u3 Cpduje Mopajy
Suty wraHoBY CPIICKOT JIEKapCKOT APYIITBa (Y CKIany ca
ymanoMm 9 CraryTa JIpymTsa) y TOfMHM y K0joj paji Ipesiajy
Ha pasMaTparbe.

Cnepehe HakHazie cy odaBesHe Kako O paj d1o mperenaH,

odpaben 1 norennujanHo odjaBmen y Cpiickom apxusy 3a

UenoKyUHO eKapciiiso:

o HAKHA/Ia 3a [peryef] CBaKoTr PUM/beHOT pasia gomahnx
ayropa: 6.000 guHapa 1o pany;

» HAKHaJa 3a npuxBaheH paji, OfHOCHO HaKHa/A 3a 0dja-
B/pMBame paja foMmahux aytopa: 12.000 guHapa 1o pazny;

e HAKHAJIa 32 IIperjeli CBAaKOT IIPUMMJ/bEHOT pajia CTPAHMUX
aytopa: 75 espa (ymmu 9000 amHapa) 1o pasy;

 HaKHaJia 3a IpyxBaheH paji, ONHOCHO HaKHafa 3a 00jaB/bu-
Bambe pajia cTpaHux ayropa: 150 espa (ywm 18000 guHapa)
0 papy.

Haxnage ce mahajy npe mpernenama, 0ZHOCHO IIpe 0dja-
B/bMBama paja. PagoBu 3a koje Hucy mwiahene HakHase Hehe
SuTH Hpernefanu, OGHOCHO 00jaB/beHN.

Tpeda HaroMeHy T [ja yIlIaTa HaKHaJie 3a IIperyief; pajia Huje
rapanuuja fa he pag dSutu npuxsahen u odjasmpen y Cpiickom
apxuey 3a uenoKyuHo n1eKapciieo.

YcraHoBe (ITpaBHa JIMIIa) He MOTY IPEKO CBOje IIpeTIlIaTe
Jia MICITyHe 0Baj YC/I0B ayTopa ($13udKor mmia). Y3 pyKommc

paga Tpeda ZOCTaBUTH KOIMje yIUIATHNUIA 32 WIAHAPUHY U
HaKHaJ[y 3a Iper/ief] “WIaHKa, Kao J0Ka3 o yIvrarama. Yacoric
IIpYXBaTa JJOHAIlje O CIIOH30pa KOjii CHOCE [0 TPOLIKOBa
VIV TPOLIKOBE Y LIeIMHI OHMX ayTOpa KOju HICY y MOryhHOCTH
fla u3MUpe HaKHaJy 3a Iperief WiaHka (y TaKBUM CTydaje-
BIMa [IOTPedHO je YacOMICY CTAaBUTH Ha YBIJ, OLPABJAHOCT
TaKBOT CIIOH30PCTBA).

CITAILE PYKOIIMCA. Onnaju cucreM 3a MOJHOIIEE pa-
nosa Bopiuhe Bac Kpo3 HOCTYIAK yHOCA ITOfiATaKa O WIAHKY I
OTIpeMarba BalllMX aTOTeKa. PyKomuc pajia 1 cBU IpUIosn y3
Paji IOCTaB/bajy Ce MICK/bYYMBO €/IEKTPOHCKY IIPEKO CUCTEMA
3a [IpUjaB/bUBambe HA MHTEPHET-CTPAaHNLN Yacomuca: http://
www.srpskiarhiv.rs

HATIOMEHA. Paj; koju He MCIIyH-aBa yC/IOBE OBOT YIIyTCTBA
He Moxke dutu yuyhen Ha perjensujy u duhe Bpahen ayro-
pMMa fia ra onyHe 1 ucrpase. [IpupikaBambeM yIyTcTBa 3a
IpUIIpeMy pajia 3HaTHO he ce CKpaTUTy BpeMe LIeJIOKYITHOT
Ipolieca 10 0djaB/byBamba pajja y YacoIucy, mro he mosurus-
HO yTHUIIATU Ha KBA/JUTET WIAHAKA U PEJOBHOCT M3/IaKeha
Jacorca.

3a cBe fopatHe nHpOpMaIMje, MOIMMO Jia ce odpaTuTe Ha
Jio7ie HaBefeHe afpece 1 dpojese TenedoHa.

ATIPECA:

CPpIICKO IEKApPCKO JIPYIITBO

YpemuninTBo Yacommca ,CpIICKy apXuB 32 L[eIOKYIIHO JIe-
KapcTBO®

Y. kpamuue Haranmje 1

11000 beorpagp,

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

CpIicKy apXyB 3a IJIOKYIIHO JIEKapCTBO je YaCOINC OTBO-
pesor npycryna. CBI WIAHIY MOTY ce OeCIIaTHO IIpey3eTH
U KOPUCTUTH y CKIafy ca nuuerunoMm Creative Commons
Attribution-NonCommercial 4.0 International (CC BY-NC).
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of the
Serbian Archives of Medicine, authors should read the In-
structions for Authors, where they will find all the necessary
information on writing their manuscript in accordance with
the journal’s standards. It is essential that authors prepare
their manuscript according to established specifications,
as failure to do so will result in paper being delayed or
rejected. Serbian Archives of Medicine provides no fee for
published articles. By submitting a paper for publishing
consideration, authors of a paper accepted for publication
in the Serbian Archives of Medicine grant and assign all
copyrights to the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine publishes
papers that have not been, either in their entirety or partially,
previously published, and that have not been accepted for
publication elsewhere. Serbian Archives of Medicine publishes
papers in English and Serbian. For better availability and ci-
tation, authors are encouraged to submit articles of all types
in English. The journal publishes the following article types:
editorials, original papers, preliminary and short communi-
cations, case reports, video-articles, images in clinical medi-
cine, review articles, current topics, articles for practitioners,
history of medicine articles, language of medicine articles,
medical ethics (clinical ethics, publication ethics) and regula-
tory standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries, letters
to the editor, book reviews, professional news, In memoriam
and other articles. Original papers, case reports, preliminary
and short communications, review articles, current topics,
video-articles and images in clinical medicine are published
in English only, while other article types may be published in
Serbian if the Editorial Office reaches such decision.

The papers are always submitted with Summary in both Eng-
lish and Serbian, included in the manuscript file. The text of
the manuscript should be typed in MS Word using the Times
New Roman typeface, and font size 12 pt. The text should be
prepared with margins set to 25 mm and onto A4 paper size,
with double line spacing, aligned left and the initial lines of
all paragraphs indented 10 mm, without hyphenation. Tabs
and successive blank spaces are not to be used for text align-
ment; instead, ruler alignment control tool and Toolbars are
suggested. In order to start a new page within the document,
Page Break option should be used instead of consecutive
enters. Only one space follows after any punctuation mark.
If special signs (symbols) are used in the text, use the Symbol
font. References cited in the text are numbered with Arabic
numerals within parenthesis (for example: [1, 2]), in order of
appearance in the text. Pages are numbered consecutively in
the right bottom corner, beginning from the title page.

When writing text in English, linguistic standard American
English should be observed. Write short and clear sentences.
Generic names should be exclusively used for the names of
drugs. Devices (apparatuses, instruments) are termed by trade
names, while their name and place of production should be
indicated in the brackets. If a letter-number combination is
used, the number should be precisely designated in superscript

or subscript (i.e., *Tc, IL-6, O,, CD8). If something is com-
monly written in italics, such as genes (e.g. BRCA1), it should
be written in this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a research
project, that should be designated in a separate note at the end
of the text. Also, if the article was previously presented at any
scientific meeting, the name, venue and time of the meeting
should be stated, as well as the manner in which the paper
had been published (e.g. changed title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any research
related to one or more health related interventions in order to
evaluate the effects on health outcomes. The trial registration
number should be included as the last line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medical
research should contain a statement that the subjects’ written
consent was obtained, according to the Declaration of Helsinki,
the study has been approved by competent ethics committee,
and conforms to the legal standards. Experimental studies with
human material and animal studies should contain statement
of the institutional ethics committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript must
be accompanied by a disclosure statement from all authors
(contained within the Submission Letter) declaring any po-
tential interest or stating that the authors have no conflict
of interest. For additional information on different types of
conflict of interest, please see World Association of Medical
Editors (WAME, www.wame.org) policy statement on conflict
of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis and
interpretation of results; design of manuscript or its critical
review of significant intellectual value; final revision of the
manuscript being prepared for publication.

The authors should enclose the description of contribution to
the article of every co-author individually (within the Submis-
sion Letter). Funding, collection of data or general supervi-
sion of the research group alone cannot justify authorship.
All other individuals having contributed to the preparation
of the article should be mentioned in the Acknowledgment
section, with description of their contribution to the paper,
with their written consent.

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check (soft-
ware iThenticate) for plagiarism and auto-plagiarism control.
The manuscripts with approved plagiarism/auto-plagiarism
will be rejected and authors will not be welcome to publish
in Serbian Achieves of Medicine.



INSTRUCTIONS FOR AUTHORS

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full names
and family names (no titles), indexed by numbers; official
name, place and country of the institution in which authors
work (in order corresponding to the indexed numbers of the
authors); at the bottom of the page: name and family name,
address, phone and fax number, and e-mail address of a cor-
responding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objective,
Methods, Results, Conclusion. Each segment should be typed
in a separate paragraph using boldface. The most significant
results (numerical values), statistical analysis and level of
significance are to be included. The conclusion must not be
generalized; it needs to point directly to the results of the study.
In case reports, the summary should consist of the following:
Introduction (final sentence is to state the objective), Case
outline (Outline of cases), Conclusion. Each segment should
be typed in a separate paragraph using boldface. In other types
of papers, the summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or phrases
should be typed. The keywords need not repeat words in the
title and should be relevant or descriptive. Medical Subject
Headings — MeSH (https://www.nlm.nih. gov/mesh/meshhome.
html) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of the
manuscript should include: title of the paper in the Serbian
language; each author’s full name and family name (no titles),
indexed by numbers; official name, place and country of the
institution in which authors work. On the fourth page of the
manuscript the summary (100-250 words) and keywords
(3-6) should be typed, but this refers only to papers in which
a summary and keywords are compulsory. The terms taken
from foreign literature should be translated into comprehen-
sible Serbian. All foreign words or syntagms that have a cor-
responding term in Serbian should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine;” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) - if any - should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section headings
should be in capital letters using boldface. Original articles
and preliminary and short communications should have the
following section headings: Introduction (objective is to be
stated in the final paragraph of the Introduction), Methods,
Results, Discussion, Conclusion, References. A review article
and current topic include: Introduction, corresponding section
headings, Conclusion, References. The firstly named author

of a review article should cite at least five auto-citations (as
the author or co-author of the paper) of papers published in
peer-reviewed journals. Co-authors, if any, should cite at least
one auto-citation of papers also published in peer-reviewed
journals. A case report should consist of: Introduction (objec-
tive is to be stated in the final paragraph of the Introduction),
Case Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer to
papers published in the Serbian Archives of Medicine within
previous six months; their form is to be comment, critique,
or stating own experiences. Publication of articles unrelated
to previously published papers will be permitted only when
the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of the
text a particular enclosure should only be mentioned and its
preferred place indicated. The final arrangement (position)
of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for very
long names of chemical compounds, or as well-known ab-
breviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should be
indicated when it is first mentioned in the text unless it is a
standard unit of measure. No abbreviations are allowed in the
title. Abbreviations in the summary should be avoided, but if
they have to be used, each of them should be explained when
first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, includ-
ing text of the manuscript and all enclosures, a decimal point
should be used in decimal numbers (e.g. 12.5 + 3.8), while in
Serbian papers a decimal comma should be used (e.g. 12,5 +
3,8). Wherever applicable, a number should be rounded up
to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter - m, kilogram -
kg, gram - g, liter — 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol), and
blood pressure in millimeters of mercury column (mmHg).
All results of hematological, clinical and biochemical measure-
ments should be expressed in the metric system according to
the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript - title
page, summary, the whole text, list of references, all enclosures
including captions and legends (tables, photographs, graphs,
schemes, sketches), title page and summary in Serbian — must
not exceed 5,000 words for original articles, review articles
and articles on history of medicine, and 3,000 words for case
reports, preliminary and short communications, current top-
ics, articles for practitioners, educational articles and articles
for “Language of medicine’, congress and scientific meeting
reports; for any other section maximum is 1,500 words.
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Video-articles are to last 5-7 minutes and need to be submitted
in the flv video format. The first shot of the video must contain
the following: title of the journal in the heading (Serbian Ar-
chives of Medicine), title of the work, last names and initials of
first and middle names of the paper’s authors (not those of the
creators of the video), year of creation. The second shot must
show summary of the paper, up to 350 words long. The final
shot of the video may list technical staff (director, cameraman,
lighting, sound, photography, etc.). Video-articles need to be
submitted along with a separate summary (up to 350 words),
a single still/ photograph as an illustration of the video, and a
statement signed by the technical staff renouncing copyrights
in favor of the paper’s authors. To check the required number
of words in the manuscript, please use the menu Tools- Word
Count, or File-Properties—Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explanatory.
The title should be typed above the table and any explanatory
information under the table. Tables should be numbered in
Arabic numerals in order of citation in the text. Use MS Word,
the menu Table-Insert-Table, inserting the adequate number
of rows and columns. By the right click of the mouse, use the
options Merge Cells and Split Cells. Use Times New Roman,
font size 12 pt, with single line spacing and no indent to draw
tables. Abbreviations used in tables should be explained in the
legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages (do
not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘figures’ in the Serbian Archives of Medicine. Figures should be
numbered in Arabic numerals in order of citation in the text.
Only original digital photographs (black-and-white or color),
of minimum 300 dpi, and jpg or tiff format, are acceptable
(small, blurry and photographs of poor quality will not be
accepted for publishing!). If authors do not possess or are not
able to provide digital photographs, then the original photos
should be scanned in 300 dpi, and saved in original size. If
a paper needs to be illustrated with a considerable number
of figures, several figures will be published within the paper,
and the rest will be available in the electronic version of the
paper as a PowerPoint presentation (every figure needs to be
numbered and be accompanied by legend). Video-enclosures
(illustrations of a paper) can last 1-3 minutes and are submit-
ted in the fIv format. Along with the video, a still/photograph
representative of the video is also needed, as it will be used as
a placeholder in the electronic version of the paper, and as an
illustration in the printed version.

If the manuscript is entirely in the Serbian language, photo-
graphs and corresponding legend should be both in Serbian
and English.

Photographs may be printed and published in color, but pos-
sible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the legend
below the respective graph. In the printed versions of papers,
graphs are generally published in black-and-white; therefore,
it is suggested to avoid the use of colors in graphs, or to utilize
colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs and
corresponding legend should be both in Serbian and English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vec-
tors, curves, etc.). The text in the schemes should be typed
in Times New Roman, font size 10 pt. Abbreviations used in
schemes should be explained in the legend below the respective
scheme. If the manuscript is entirely in the Serbian language,
schemes and corresponding legend should be both in Serbian
and English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing techni-
cal assistance, assistance in writing the paper or running the
department securing general support. Financial aid and all
other support in the form of sponsorship, grants, donations of
equipment and medications, etc., should be mentioned as well.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journal’s readers. Therefore, following each reference, its
DOI number and PMID number (if the article is indexed for
MEDLINE/PubMed) should be typed. References should be
numbered in Arabic numerals in order of citation in the text.
The overall number of references should not exceed 30, except
in review articles, where maximum of 50 is acceptable, and in
meta-analyses, where up to 100 references are allowed. The
number of citations of original articles must be at least 80%
of the total number of references, and the number of citations
of books, chapters and literature reviews less than 20%. If
monographs and articles written by Serbian authors could be
included in the reference list, the authors are obliged to cite
them. The majority of the cited articles should not be older
than five years. Use of abstracts as references is not allowed. If
it is important to comment on results published solely in the
form of an abstract, it is necessary to do so within the text of
the article. The references of articles accepted for publication
should be designated as in press with the enclosed proof of
approval for publication.

The references are cited according to the Vancouver style (Uni-
formed Requirements for Manuscripts Submitted to Biomedical
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Journals), rules and formats established by the International
Committee of Medical Journal Editors (http://www.icmje.org),
used by the U.S. National Library of Medicine and scientific
publications databases. Examples of citing publications (journal
articles, books and other monographs, electronic, unpublished
and other published material) can be found on the web site
https://www.nlm.nih. gov/bsd/uniform_requirements.html. In
citation of references, the defined standards should be strictly
followed, because it is one of the essential factors of indexing
for classification of scientific journals.

SUBMISSION LETTER. The manuscript must be accompanied
by the Submission Letter, which is signed by all authors and
includes the following: 1) statement that the paper has never
been published and concurrently submitted for publication to
any other journal; 2) statement that the manuscript has been
read and approved by all authors who have met the criteria
of authorship; and 3) contact information of all authors of
the article (address, email, telephone number, etc.). Blank
Submission Letter form can be downloaded from the jour-
nal’s web site (http://www.srpskiarhiv.rs/en/submission-letter/
SubmissionLetterForm2023.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

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

ISSN 0370-8179

ISSN Online 2406-0895 OPEN ACCESS

Serbian Archives of Medicine is an Open Access Journal. All
articles can be downloaded free of charge and used in accord-
ance with the Creative Commons Attribution-NonCommercial
4.0 International (CC BY-NC) licence.

OPEN 8ACCESS

(c) DS



CIP - Karanorusaruja y my6mkanuju
Hapopua 6u6nmnorexa Cp6uje, beorpan

61(497.11)

CPIICKI apxuB 3a II€/IOKYITHO 7I€KAPCTBO : 3BAHNYaH
vacomnuc CpIicKor JieKapcKor apyiuTsa = Serbian Archives
of Medicine : official journal of the Serbian Medical Society
/ rnaBuu 1 oproBopuy ypenuuk foppana TeodumoBcku-
[Maparmp, - K. 1 (1874)-kt. 2 (1875) ; kib. 3 (1879)- Kib.

8 (1881) ; Kib. 9 (1887)-kib. 10 (1888) ; Kib. 11 (1894)-Kib.

12 (1895) ; rog. 1, 6p. 1/2 (1895)- . - Beorpap : Cpricko
JIEKapCKO ApyIITBO, 1874-1875; 1879-1881; 1887-1888; 1894-
1895; 1895-(Beorpay : Ciy>xb6enn rmacHuk). - 29 cm

JIBoMeceuHo. - TekCT Ha eHIL. je3uKy. - VIMa cymmeMeHT

vyt ripytor: CPIICKY apXWB 3a 11e7I0KYTTHO IeKapCTBO.
Cymnement = ISSN 0354-2793. - [[pyro uspame Ha Apyrom
Menujymy: CpIICKy apXyB 3a Lie/IOKyIHO nekapcTBo (Online)
= ISSN 2406-0895

ISSN 0370-8179 = Cpricku apXuB 3a IIe/IOKYITHO IeKapCTBO
COBISS.SR-ID 3378434




‘Nimulid

nimesulid

a Swixx BioPharma company



The Journal Serbian Archives of Medicine is indexed in: Science Citation Index Expanded,
Journal Reports/Science Edition, Web of Science, Scopus, EBSCO, Directory of Open

Access Journal, DOI Serbia

CONTENTS

ORIGINAL ARTICLES

Dejana Bajic, Milica Plazacic, Andrea Mihajlovic
PROGNOSTIC VALUE OF REDS, SOFA, AND
D-DIMER IN CRITICALLY ILL COVID-19 PATIENTS

WITH SEPSIS
542-549

Bojan Radojicic, Mirko Dolic, Borde Tausan, Marija
Radojicic, Miroslav Misovic, Dejan Kostic
COMPARISON OF BARICITINIB AND
TOCILIZUMAB IN CLINICAL OUTCOME AMONG
HOSPITALIZED PATIENTS WITH SEVERE FORM

OF COVID-19 - OUR EXPERIENCES
550-555

Amar Perlek, Neda Stefanovic, Zorana Stamenkovic,
Tina Pajevic, Ivan Arsic, Biljana Milicic, Nenad
Nedeljkovi¢

IMPACT OF ORTHOGNATHIC SURGERY ON
OCCLUSAL CONTACTS AND BITE FORCE
DISTRIBUTION IN PATIENTS WITH SKELETAL
CLASS IIl MALOCCLUSION BY T-SCAN™ -

PROSPECTIVE CLINICAL PILOT STUDY
556-561

Igor Bordevic, Filip lvanjac, Danica Popovic Antic, Minja
Milicic¢ Lazic, Mom¢ilo Colié, Luka Zupac
ASSOCIATION BETWEEN DEPRESSION

AND ORO-FACIAL PAIN - A PILOT STUDY
562-569

llija Dragojevic, Dijana Miric, Bojana Kisic, Miroslav
Milosevic, Ljiliana Popovic, Dragisa Rasic, Bratislav
Basic

ALBUMIN COBALT BINDING TEST FOR THE
DIAGNOSIS OF ACUTE CORONARY SYNDROME IN

PATIENTS WITH HEART FAILURE
570-574

Igor S. Dolgopolov, Ludmila Y. Grivtsova, Nikolai I.
Kovalenko, Petr A. Shatalov, Andrey S. Bryukhovetsky,
Maxim Yu. Rykov

IMMUNOLOGY OF BONE MARROW CD34
SUBSETS AND CLONAL HEMATOPOIESIS OF
INDETERMINATE POTENTIAL IN AMYOTROPHIC

LATERAL SCLEROSIS
575-583

Mladen Popov, Tanja Lakic, Dejan Miljkovic, Ivana
Isakov, Ivan Levakov, Jovo Bogdanovic, Dimitrije
Jeremic, Senjin Bozic, Stevan Stojanovic, Sasa Vojinov
CORRELATION OF URINARY HISTAMINE
CONCENTRATION WITH MAST CELL DENSITY
IN PATIENTS WITH NON-MUSCLE INVASIVE

UROTHELIAL BLADDER CARCINOMA
584-590

Milan M. Mitkovic, Sasa S. Milenkovic, Predrag M.
Stojiljkovic, Mladen J. Stojanovic, Nikola J. Kostic, Milos
A. Nagorni

INFLUENCE OF FEMORAL SHAFT FRACTURE
EXTENSION INTO SUBTROCHANTERIC OR
SUPRACONDYLAR REGION ON OPERATION
AND FLUOROSCOPY TIME IN DYNAMIC

EXTRAMEDULLARY FIXATION
591-595

Jadranka M. Maksimovic, Hristina D. Viajinac, Isidora
S. Vujcic, Slavica R. Maris, Katarina M. Maksimovic,
Tatjana B. Redzek Mudrinic, Ivana I. Kavecan
CONSUMPTION OF CIGARETTES, ALCOHOL AND
ENERGY DRINKS ASSOCIATED WITH ACADEMIC
PERFORMANCE AND SOCIOECONOMIC STATUS

OF MEDICAL STUDENTS
596-601

CASE REPORTS

Miroslava Popovic, Ivana Mitrovic Tanic, Marko Surlan,
Ljiliana Mili¢
RUPTURED ANEURYSM OF THE SUPERFICIAL

FEMORAL ARTERY
602-604

Lada Petrovic, Igor Mitic, Dejan Celié¢, Milica Popovic,
Gordana StraZzmester-Majstorovic

THE ROLE OF NONADHERENCE IN DONOR-
SPECIFIC ANTIBODIES FORMATION AND THEIR

EFFECTS ON KIDNEY TRANSPLANT FUNCTION
605-608

Aleksandra Beleslin, Olga Mihaljevic, Branislav
Milosevic, Igor Pilic, Katarina Stefanovic

INSULIN RESISTANCE AS A RISK FACTOR FOR
ENDOMETRIAL CANCER - A CASE REPORT OF
FERTILITY-SPARING TREATMENT OF EARLY-

STAGE ENDOMETRIAL CANCER
609-612

Marija BozZic¢, Tanja Kalezic, esna Maric, Bojana Dacic
Krnjaja

MYSTERY CORNEAL OPACITY RING

613-614

Miroslav Jeremic, Marija Bozic, Tanja Kalezic, Dolika D.
Vasovic, Aleksandar Risimic

EVALUATION OF MACULAR AND OPTIC NERVE
HEAD CHANGES IN YOUNG FEMALE PATIENTS
WITH UNILATERAL OPTIC NEURITIS USING OPTIC
COHERENCE TOMOGRAPHY ANGIOGRAPHY -

TWO CASE REPORTS
615-618

REVIEW ARTICLES

Aleksandra Paviovic, Aleksandra Puric-Zdravkovic,
Maja Milovanovic, Jelena Pordevic, Ruzica Zdravkovic-
Parezanovic, Dragan Pavlovic

PRIMITIVE REFLEXES IN DEVELOPING AND
ADULT BRAIN - FROM INTELLECTUAL DISABILITY

TO DEMENTIA
619-624

Borivoj Bijelic, Denis Brajkovic, Momir Stevanovic,
Viadan Dordevic

POTENTIAL PITFALLS WITHIN THE AJCC 8™
EDITION STAGING SYSTEM FOR SALIVARY

GLAND CARCINOMA
625-631

VOLUME 153 - NOVEMBER-DECEMBER 2025 - ISSUE 11-12

www.srpskiarhiv.rs




