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Oral diseases, affecting over 3.5 billion people, represent
one of the most common health problems worldwide.
Good oral health contributes to overall health and plays
a significant role in everyday activities and social interac-
tions. World Oral Health Day is observed annually on 20
March, initiated by the World Dental Federation, with
the aim of raising awareness on the importance of oral
health in maintaining quality of life. The theme of this
year’s campaign is “A happy mouth is a happy life”.

Bolesti usta i zuba, koje pogadaju preko 3,5 milijardi
ljudi, predstavljaju jedan od najucestalijih zdravstvenih
problema u svetu. Dobro oralno zdravlje doprinosi
opsStem zdravlju organizma i ima znacajnu ulogu u
svakodnevnim aktivnostima 1 drustvenim odnosima
pojedinca. Svetski dan oralnog zdravlja obelezava se 20.
marta svake godine na inicijativu Svetske federacije
stomatologa kako bi se podigla svest o znacaju zdravlja
usta 1 zuba u ocuvanju kvaliteta zivota. Tema
ovogodisnje kampanje je ,,Sreéna usta su srecan Zzivot™.
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Genetic polymorphism and pharmacokinetics/toxicokinetics of

carbamazepine: a general review

Geneticki polimorfizam i farmakokinetika/toksikokinetika karbamazepina: opsti

pregled

Aleksandra Kovacevi¢*', Vladan Luki¢*, Bojana Cikota Aleksi¢*,
Slobodan M. JankoviéS, Viktorija Dragojevié-Simi¢*"

Military Medical Academy, *Center for Clinical Pharmacology, *National Poison
Control Center, Belgrade, Serbia; TUniversity of Defence, Faculty of Medicine of
the Military Medical Academy, Belgrade, Serbia; SUniversity Clinical Center
Kragujevac, Department of Clinical Pharmacology, Kragujevac, Serbia

Abstract

Carbamazepine (CBZ) is a widely used medication in treating
epilepsy, bipolar disorder, and neuropathic pain. Its
pharmacokinetic profile is highly variable due to slow
absorption, extensive metabolism, and auto-induction.
Genetic polymorphisms affect transporters and metabolic
enzymes, additionally modifying therapeutic response, and
lead to nonlinear and unpredictable toxicokinetics in
overdose. CBZ is primarily metabolized by cytochrome P450
(CYP) enzymes CYP3A4, CYP3A5, and CYP2C8 to the

active metabolite CBZ-10, 11l-epoxide (CBZ-E), with
subsequent hydrolysis by epoxide hydrolase 1 (EPHX1) and
glucuronidation by uridine diphosphate

glucuronosyltransferase 2B7 (UGT2B7), with other CYPs
additionally contributing to the formation of reactive
intermediates and inactive CBZ metabolites. Polymorphisms
in genes encoding enzymes (EPHX1, CYP3A4/5, and
UGT2B7) and transporters (ABCB1, ABCC2, RALBP1) can
affect CBZ and CBZ-E exposure, maintenance dose, and the
risk of adverse drug reactions. In overdose cases, CBZ
exhibits saturable epoxidation, which leads to the
accumulation of the drug and its active metabolite, prolonged
elimination, and neurotoxicity, while serum concentrations
correlate  poorly with  clinical  findings. Therapeutic
monitoring of the drug and its active metabolite in patients’
blood, together with pharmacogenetic testing, could improve
both the individualization of therapy and the management of
overdose.

Keywords:

carbamazepine; cytochrome p-450 enzyme system,;
drug monitoring; metabolism; pharmacokinetics;
poisoning; polymorphism, genetic; toxicokinetics.

Apstrakt

Karbamazepin (KBZ) je siroko koriséen lek u terapiji
epilepsije, bipolarnog poremecaja i neuropatskog bola.
Njegov farmakokineticki profil je veoma varijabilan zbog
spore resorpcije, ekstenzivnog metabolizma i autoindukcije.
Geneticki polimorfizmi uticu na transportere i metabolicke
enzime, dodatno modifikujudi terapijski odgovor i dovode
do nelinearne i nepredvidive toksikokinetike u slucaju
predoziranja. KBZ se prvenstveno metaboliSe putem
citohrom P450 (CYP) enzima CYP3A4, CYP3A5 1 CYP2C8
do aktivhog metabolita KBZ-10, 11-epoksida (KBZ-E),
nakon cega sledi hidroliza pomoc¢u epoksid hidrolaze 1
(EPHX1) i glukuronidacija pomocu uridin difosfat
glukuronil transferaze 2B7 (UGT2B7). Drugi CYP enzimi
dodatno doprinose stvaranju reaktivnih intermedijera i
neaktivnih metabolita KBZ. Polimorfizmi u genima koji
kodiraju enzime (EPHX1, CYP3A4/5 i UGT2B7) i
transportere (ABCB1, ABCC2, RALBP1) mogu uticati na
izlozenost organizma KBZ i KBZ-E, dozu odrzavanja i
rizik od nezeljenih reakcija na lek. U slucajevima
predoziranja lekom dolazi do zasi¢enja procesa epoksidacije,
sto dovodi do akumulacije leka i njegovog aktivhog
metabolita, produzene eliminacije i neurotoksi¢nosti, dok
serumske koncentracije slabo koreliraju sa  klinickim
nalazima. Pracenje koncentracije leka i njegovog aktivnog
metabolita u krvi bolesnika, zajedno sa farmakogenetickim
testiranjem, moglo bi poboljsati i individualizaciju terapije 1
lecenje predoziranja.

Kljucne redi:

karbamazepin; citohrom p-450; lekovi, monitoring;
metabolizam; farmakokinetika; trovanje; polimorfizam,
geneticki; toksikokinetika.

Correspondence to: Aleksandra Kovacevi¢, Military Medical Academy, Center for Clinical Pharmacology, Crnotravska 17, 11 000

Belgrade, Serbia. E-mail: alexandra.kova@gmail.com
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Introduction

Carbamazepine (CBZ) is a medication chemically
related to tricyclic antidepressants that has been used for
decades as an anticonvulsant in monotherapy for partial and
generalized tonic-clonic seizures. Its use in combination
regimens is generally reserved for patients who cannot be
adequately controlled with previous monotherapy, and it is
usually ineffective in the myoclonic and absence seizures 2.
Additionally, the established indications include the
treatment of bipolar disorders and trigeminal neuralgia.
Regarding its mechanism of action, it stabilizes
hyperexcitable neuronal membranes by blocking voltage-
gated sodium channels, inhibiting repetitive neuronal firing,
and reducing the propagation of synaptic excitatory
impulses. Its action also involves calcium channel inhibition,
inhibition of excitatory amines, and gamma-aminobutyric
acid agonism. By modulating inhibitory and excitatory
neurotransmission, CBZ exerts a mood-stabilizing effect and
exhibits an antineuralgic effect. It also has anticholinergic,
antidiuretic, muscle-relaxant, and antiarrhythmic properties .

CBZ has a complex and variable pharmacokinetic
profile, characterized by slow absorption, extensive protein
binding, liver enzyme-mediated metabolism, and
autoinduction, which necessitates careful monitoring to
minimize the risk of adverse reactions > * 7. In overdose
cases, the elimination of CBZ follows zero-order Kinetics,
leading to symptoms of prolonged toxicity coinciding with
the peak serum levels of CBZ and its active metabolites 8-,

Scope and methodology approach

The aim of this manuscript was to synthesize current
knowledge on how genetic variations influence the
pharmacokinetics of CBZ at therapeutic doses and the risk of
adverse drug reactions (ADRs), with a focus on clinical
interpretation rather than quantitative analysis. Additionally,
the toxicokinetics of CBZ in overdose patients differ from its
behavior within the therapeutic range, focusing on how the
body influences CBZ and its metabolites at concentrations
exceeding the therapeutic level.

For this general review, a literature search was
conducted from September to December 2025 to obtain
newly available clinical data and regulatory information. The
literature search was performed in PubMed and EBSCO
databases, with Google Scholar used as a complementary
tool for cross-checking and identification of supplementary
publications. The following criteria were applied to identify
English-language publications published up to 2025:
(“carbamazepine” OR “anticonvulsants“ OR ,,antiepileptic
drugs” OR “carbamazepine metabolites” OR
“carbamazepine-10,11-epoxide”) AND (“pharmacokinetics”
OR “population pharmacokinetics” OR “toxicokinetics” OR
“CYP450” OR “poisoning” OR “overdosage” OR “genetic
polymorphism” OR  “metabolism” OR  “elimination
kinetics”). We also included reference lists from recent
systematic reviews, meta-analyses, and clinical guidelines as
additional sources. Only relevant full texts were evaluated.

Furthermore, we reviewed regulatory databases from the
United States Food and Drug Administration and the
European Medicines Agency, as well as authoritative drug
information sources (drugs.com and the Electronic
Medicines Compendium). Commentaries, opinion articles,
editorials, and conference abstracts were excluded.

Pharmacokinetics of carbamazepine

Absorption, distribution, and transport protein genetic
polymorphisms

CBZ is a lipophilic molecule that shows slow and
variable but almost complete absorption 2 5 7. After oral
administration, peak plasma concentrations occur 2-8 hrs
after ingestion of immediate-release formulations and 12-24
hrs after ingestion of CBZ sustained-release formulations
(single dose) and 4-8 hrs after multiple doses °. The
absorption of CBZ could additionally be delayed due to its
weak  anticholinergic ~ properties and  decreased
gastrointestinal motility > 1. Its bioavailability ranges from
75% to 85% for sustained-release formulations and up to
90% for immediate-release formulations " 1212,

Due to the moderate to high lipid solubility of CBZ, the
apparent volume of distribution in adults and older children
generally ranges between 0.59 and 2 L/kg * 7 4. The drug
binds to plasma proteins at 70-80%, primarily to albumin
and ol-acid glycoprotein. In neonates, the free fraction is
higher, ranging from 30 to 35%, due to lower plasma protein
concentrations * 15,

The transport of CBZ across biological membranes
occurs via adenosine triphosphate (ATP)-binding cassette
sub-family B member 1 (ABCB1), ATP-binding cassette
sub-family C member 2 (ABCC2), and Ral-binding protein 1
(RALBP1) transport proteins, which significantly contribute
to the pharmacokinetic variability of many drugs and play a
crucial role in the efflux of CBZ % 7. These proteins
participate in the transport of CBZ across the intestinal
barrier and the blood-brain barrier. They are also expressed
in the liver, where they are involved in ATP-dependent
efflux of CBZ and its metabolites from hepatocytes.
Transporters  substantially influence intracellular drug
availability and contribute to interindividual variability in
therapeutic response 5. ABCBL1 is a major efflux transporter
at the intestinal and blood-brain barrier surfaces. The
ABCC2 transporter contributes to the efflux of xenobiotics
and metabolites 8, RALBP1 is also an ATP-dependent
transporter implicated in the removal of CBZ conjugates.
Boughrara and Chentouf *® concluded that genetic variability
in ABCB1, ABCC2, and RALBP1 contributes to
interindividual differences in CBZ response, but the overall
evidence is still inconsistent across populations. Djordjevic
et al. 1° also discussed ABCB1 polymorphisms, the most
extensively studied efflux transporter, which showed that
haplotypes like ¢.3435C>T (cytosine replaced by thymine),
€.2677G>T/A (guanine replaced by thymine or adenine), and
€.1236C>T (cytosine replaced by thymine) are associated
with altered CBZ transport and treatment outcomes.

Kovacevi¢ A, et al. Vojnosanit Pregl 2026; 83(3): 143—152.
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Additionally, the 1236T-2677T-3435T haplotype is
associated with increased clearance in pediatric patients,
therefore showing more efficient efflux and lower systemic
exposure %, Wang et al.  have concluded that the ABCB1
rs2032582, rs10234411, and rs2032582-rs10234411 AT, CA
haplotype is significantly associated with the ratio of CBZ-
10,11-epoxide (CBZ-E) to CBZ when CBZ is used in
therapy in combination with other anticonvulsants, such as
phenobarbitone or phenytoin. In addition, several authors
suggested that the ABCB1 gene polymorphism increases the
risk of poor treatment response 2, particularly the rs1128503
polymorphism, which was significantly associated with CBZ
pharmacoresistance 2. ABCC2 polymorphisms included c.-
24C>T, €.1249G>A, and ¢.3972C>A, and several RALBP1
variants were examined for their potential association with
drug resistance . RALBP1 is a multifunctional protein, a
non-ATP-binding cassette important transporter for CBZ at the
human blood-brain barrier, where its expression is increased in
patients with drug-resistant epilepsy 2. On the contrary, other
authors have not found an association between RALBP1
expression and resistance to antiepileptic drugs .

Metabolism and genetic polymorphism of metabolic
enzymes

CBZ is extensively metabolized in the liver by
microsomal cytochrome P450 (CYP) enzymes — CYP450,
and excreted in feces (28%), with only 1-3% of the dose
excreted as unchanged drug in urine, while the rest, about
70%, is excreted as metabolites 2 " 17 5, The major pathway
of CBZ metabolism is oxidation mediated by CYP3A4, with
involvement of CYP2C8 and CYP3A5, forming the
pharmacologically active metabolite CBZ-E, which

CYP3A4
O . O CYP2CB (ypups.

07 “NH,

Carbamazepine

3-OH-CBZ =

CBZ-2,3-epoxide /

CYP3A4
jcves CYP3AS
2-OH-CBZ CYP2C19
lcvpana
CBZ catechol

2-OH-iminostilbene

| |

iminoguinone CBZ o-quinone

CYP3A4 UGT2B7
YP2B6

contributes to both its efficacy and toxicity. CBZ-E
undergoes further metabolism via microsomal epoxide
hydrolase 1 (EPHX1) to trans-10,11-dihydro-10,11-
dihydroxycarbamazepine, CBZ-diol, a pharmacologically
inactive metabolite. After oxidative metabolism and further
hydrolysis by EPHX1, phase Il metabolism involves the
glucuronidation of CBZ and CBZ-E by uridine diphosphate
glucuronosyltransferases (UGTs), particularly UGT2B?7,
which facilitates renal excretion of both CBZ and CBZ-E %.

Several reactive intermediates are formed during the
minor oxidative pathways of CBZ. One branch involves the
generation of an epoxide intermediate, CBZ-2,3-epoxide,
which is further oxidized by multiple CYP isoenzymes to 2-
hydroxycarbamazepine (2-OH-CBZ) and by CYP3A4 and
CYP2B6 to 3-hydroxycarbamazepine (3-OH-CBZ). The 2-
OH-CBZ undergoes secondary oxidation via CYP3A4 to
form 2-hydroxyiminostilbene, which is further converted to
iminoquinone, a highly reactive electrophilic species capable
of forming covalent adducts with protein residues, including
CYP450 enzymes. The formation of such adducts may
inactivate enzymes and contribute to immune-mediated
hypersensitivity — reactions, such as Stevens-Johnson
syndrome . The 3-OH-CBZ metabolite is further oxidized
by CYP2C19, CYP3A4, and CYP3AS5 to CBZ catechol and
subsequently to CBZ o-quinone. In parallel, through
myeloperoxidase-mediated  oxidation, 3-OH-CBZ can
generate free radicals and reactive oxygen species, which
enhance oxidative stress and promote tissue injury 2 (Figure
1). Lukic et al. 1° supposed that CYP3A activity decreased,
while CYP2B6 activity increased, accompanied by increased
free radicals and reactive oxygen species, leading to
increased markers of inflammation in patients with acute
self-poisoning with CBZ.

EPHX1

CBZ-10,11-epoxide - CBZ-diol

Il PHASE METABOLITES
GLUCURONIDES

3-0H-CBZ
free radical

. Ros

Fig. 1 — Hepatic biotransformation pathways of CBZ and associated enzymes.
Adapted from the ClinPGx CBZ pathway, pharmacokinetics %.
CBZ - carbamazepine; CYP — cytochrome P450 enzymes; EPHX1 - epoxide hydrolase 1;
2-OH-CBZ - 2-hydroxycarbamazepine; 3-OH-CBZ - 3-hydroxycarbamazepine;
2-OH-iminostilbene — 2-hydroxyiminostilbene, UGT2B7 — uridine diphosphate
glucuronosyltransferase-2B7; MPO — myeloperoxidase; ROS — reactive oxygen species.
Note: CYP3A4, CYP3A5, CYP2C8, CYP2C19, CYP2B6 - specific CYP450 isoenzymes involved

in the CBZ metabolism.
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CBZ exhibits autoinduction within the first few weeks
of therapy, accelerating its own metabolism and decreasing
its elimination half-life over time ™ 2. This process
corresponds to CBZ binding to nuclear receptors NR1|2 and
NR1|3, which upregulate CYP1A2 during autoinduction. The
—163C>A polymorphism alters CYP1A2 inducibility and
contributes  to interindividual differences in CBZ
metabolism*°. Although CYP1AZ2 is not directly involved in
the biotransformation of CBZ, its induction amplifies the
broader hepatic autoinduction response, contributing to
increased expression and activity of both CYP3A4 and
CYP2B6, two primary enzymes responsible for CBzZ
metabolism and several co-administered drugs > 2% 3L,

Investigating the genetic polymorphisms of CBZ-
metabolizing enzymes and transport pathways can
significantly impact individual drug responses, leading to
safer and more effective personalized dosing 2. In the
previous section, it was shown that three main groups of
enzymes are involved in CBZ elimination: oxidative
metabolism and hydrolysis enzymes of phase | via CYP3A4,
CYP3A5, CYP2C8, and EPHX1, and phase Il
glucuronidation via UGT2B7 (Figure 1). Therefore, the
influence of genetic polymorphisms as predictors of
responsiveness to CBZ therapy is exerted by genes that
affect CYP3A4, CYP3AS5, CYP2C19, and CYP2C8 activity,
as well as the EPHX1 gene *.

The most significant association exists between the
EPHX1 gene polymorphism and the maintenance dose of
CBZ %3, Two common polymorphic sites in the gene affect
EPHX1 activity and, subsequently, CBZ and CBZ-E plasma
levels. The presence of the 337C allele instead of 337T
(when the amino acid tyrosine is replaced by histidine) is
associated with decreased microsomal epoxide hydrolytic
activity. Lower EPHX1 activity leads to increased CBZ-E
(less conversion to CBZ-diol), while variability in the CBZ-
diol/CBZ-E ratio could be a good indicator of hydrolase
catalytic activity. Furthermore, increased concentrations of
CBZ-E in patients with epilepsy may lead to more
frequent skin reactions and severe ADRs, such as
Stevens-Johnson  syndrome and toxic epidermal
necrolysis .

An increased enzymatic activity is observed in the
presence of the 416G allele, rather than the 416A, when
histidine is replaced by arginine, which accelerates CBZ-E
hydrolysis, resulting in reduced CBZ-E levels and a lower
CBZ-diol/CBZ-E ratio as CBZ-diol declines much faster due
to glucuronidation and renal excretion 3% 34 3 On the
contrary, population pharmacokinetic modeling by Yip et
al. 3 showed that the EPHX1 416G/G genotype was
associated with a 50% decrease in the overall clearance of
CBZ-E, reflecting the influence of conversion rate,
downstream glucuronidation, and systemic elimination
processes. CBZ-E retains anticonvulsant activity, but
elevated plasma concentrations have been associated with
reduced tolerability to CBZ treatment and increased adverse
events, such as blurred vision, dizziness, and fatigue.

CYP3A4 is essential for the oxidation of CBZ to active
metabolites such as CBZ-E, which is then deactivated by

other enzymes 2 7 1% 2. 38 Several CYP3A4 polymorphisms,
such as CYP3A4*1G (rs2242480) and rs4646440, modify
enzyme activity and may accelerate CBZ clearance, although
studies have shown an inconsistent causal relationship with
steady-state plasma concentrations. Some studies report that
carriers of CYP3A4*1G variant alleles exhibit higher
metabolic activity and lower adjusted CBZ levels. However,
overall, the effect of CYP3A4 genetic variation on CBZ
efficacy appears to be modest *°. Other authors have noted
that CYP3A4 has limited polymorphism, and its inducibility
outweighs genetic effects on enzyme activity. Therefore,
genetic variations in CYP3A4 have less influence than those
in other CYP enzymes, such as CYP3A5, which shows
higher genetic variability “°. A meta-analysis by Zhao et al. #
regarding the CYP3A4 rs2242480 polymorphism revealed
that carriers of the AG genotype had significantly lower
plasma CBZ concentrations than those with the GG
genotype, indicating a genotype-dependent effect on drug
exposure. Overall, the data suggest that the G allele of this
single-nucleotide polymorphism (SNP) could reduce plasma
CBZ levels. At the same time, individuals with the AA
genotype display a lower CBZ-E/CBZ ratio than GG or
AG+GG carriers, without any influence on CBZ-E. Wang et
al. 2 investigated CYP3A4 gene polymorphisms in the
Chinese population, focusing on rs2242480 and rs4646440,
which are common SNPs and may affect CYP3A4 catalytic
activity. Authors have concluded that the examined CYP3A4
genotypes were not associated with CBZ plasma
concentrations, neither in the monotherapy group nor in the
polytherapy group. On the other hand, CYP3A5 rs776746
and rs15524 might affect CBZ metabolism and were
significantly associated with CBZ plasma concentrations .
In the research by Jamil et al. 2, which assessed CYP3A5
rs15524 rather than specific CYP3A4 SNPs, it was concluded
that CYP3A5 polymorphisms are an important genetic factor
influencing CBZ serum concentrations and the need for dose
adjustments. In White populations, the failure of CYP3A
polymorphisms to predict the maintenance dose due to low
activity of the CYP3A4-392 G allele may be compensated by
functional CYP3A5 in individuals carrying at least one copy
of the 6986A allele. Such influence is not expected in
Japanese individuals, who generally lack the CYP3A4-392 G
allele, and in whom CYP3AS5 c. 6986 A>G polymorphism is a
major contributor to interindividual variability in CBZ
pharmacokinetics 3%, While investigating CYP3A5 genetic
polymorphism, Ganesapandian et al. *® concluded that the
impact of this polymorphism on CBZ metabolism showed
discrepant results in different populations. According to their
results, the CYP3A5*3 polymorphism significantly
influenced CBZ metabolism in Indian epileptic patients,
consistent with studies performed in Serbian, Chinese, and
Korean populations. Additionally, Seo et al. * concluded,
based on a study with Japanese patients with epilepsy, that
the CYP3A5*3 genotype increased CBZ oral clearance by
only about 8% compared with CYP3A5*1 carriers, indicating
a minimal effect on overall CBZ pharmacokinetics. Some
other authors have concluded that genetic variability in
CYP3A5 and EPHX1 moderately influences plasma
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concentrations, which are usually insufficient to cause
significant clinical effects 2°. Ragia et al. *> suggested that,
despite the lack of definitive conclusions on whether the
CYP3A5 enzyme has similar affinity and metabolic capacity
to CYP3A4 for psychiatric drugs, the role of CYP3A5
should be more thoroughly investigated in the future due to
its potential to catalyze alternative metabolic pathways and
form intermediate metabolites with unknown
pharmacological ~ properties  that  influence  CBZzZ
bioavailability. Additionally, studies of CBZ epoxidation and
the influence of CYP3A5*3 on pharmacokinetic parameters
were examined. Wild-type CYP3A5*1/*1 liver microsomes
have the highest maximum velocity (Vma) and maximum
clearance (CLmax), meaning strong catalytic activity.
Heterozygous CYP3A5*1/*3 microsomes show markedly
reduced activity, less than half of the wild-type, and
homozygous CYP3A5*3/*3 microsomes show activities
similar to wild-type. These results suggest that the
CYP3A5*3 polymorphism has a negligible effect on CBzZ
epoxidation in an in vitro system using human liver
microsomes, primarily because in vivo CYP3A4 is the
dominant enzyme for epoxidation processes “.
Glucuronidation plays an important role in the
elimination of CBZ % 2%, The enzyme UGT2B?7 is responsible
for the glucuronidation of both CBZ and CBZ-E. The
UGT2B7*2 (802C>T) variant has been shown to influence
CBZ clearance, as demonstrated in a study of 62 patients on
CBZ monotherapy, in which carriers of the *1/*2 and *2/2
genotypes exhibited lower steady-state CBZ concentrations
and required higher maintenance doses than wild-type
individuals 3 4. In contrast, the UGT2B7*3 (211G>T)
polymorphism did not affect steady-state levels nor dosing
adjustments. On the other hand, other studies have not
reported a significant association between UGT2B7 variants
and CBZ pharmacokinetics 3% 4 4 Population
pharmacokinetic modeling allows clinicians to predict drug
clearance in patients wusing only a few clinical
characteristics*°. It is a helpful tool for optimizing dosing
regimens of drugs with high variability, autoinduction, and a
narrow therapeutic window, like CBZ #. Jankovic et al. #®
demonstrated in their study that physiological covariates,
such as age and weight, as well as drug—drug interactions
(DDI) in polytherapy with valproate, are the primary drivers
of CBZ clearance in Serbian patients. The low residual
variability suggests that many unexplained differences could
originate from genetic polymorphisms, highlighting the need
for future pharmacogenomic work in this population. A
systematic review of the population pharmacokinetics of
CBZ by Methaneethorn et al. ! highlights that the most
frequently identified covariates, such as age, weight, CBZ
dose, and concomitant therapy with other anticonvulsants
(phenytoin, phenobarbitone, valproate), influence the
clearance of CBZ. Only two studies evaluated genetic
predictors, and the CYP1A2-163A/A variant had a small but
statistically significant influence on clearance, while the
CYP2C8*3 variant showed no clinically significant effect.
The authors highlight that although the pharmacokinetic
determinants of CBZ disposition are well defined, the
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relationship between pharmacokinetic variability and
pharmacodynamic outcomes remains largely inconclusive
and highly dependent on the target population %,

According to Kanojia et al. ®°, CBZ can induce CYP1A1
via aryl hydrocarbon receptor-dependent transcriptional
regulation, which contributes to the clinically relevant
interindividual variability in response to CBZ therapy.

In a systematic review, Zhang et al. 3 found that the
ABCB1 ¢.3435C>T and EPHX1 c.416A>G gene
polymorphisms significantly affected CBZ concentrations,
indicating their critical role in CBZ pharmacokinetics and
pharmacodynamics. Various confounding factors, such as
ethnicity, age, and differences in dosing and treatment
duration, could explain the observed inconsistencies across
studies, suggesting that considerable caution is needed when
transferring to other populations.

Therapeutic drug monitoring

CBZ reaches steady state very slowly, typically within
4 to 30 days. Its half-life at steady state ranges from 20 to 36
hrs in adults and 8 to 14 hrs in children, again reinforcing the
need for individualised dose titration * 7. The initial half-life
of the epoxide metabolite is 25-43 hrs *. Due to its narrow
therapeutic window and non-linear pharmacokinetics,
therapeutic drug monitoring (TDM) is essential for achieving
safe and effective dosing of CBZ ! 2, The most commonly
applied methods for routine CBZ determination in biological
materials are high-performance liquid chromatography with
ultraviolet or photodiode detection [high-performance liquid
chromatography-ultraviolet (HPLC-UV) and
high-performance liquid chromatography—photodiode array
(HPLC-PDA)] and immunoassay [fluorescence polarization
immunoassay (FPIA)] 5% The therapeutic CBZ reference
range is 4-12 mg/L, although individual variation exists,
with the minimum toxic level of 10 mg/L # 3% %5, The usual
plasma concentration range of CBZ-E, 0.2-2 mg/L, should
be considered in case of intoxication %°. When CBZ is
prescribed with other anticonvulsants, the therapeutic range is
from 4 to 8 mg/L. Therefore, TDM is also critical for assessing
the effect of co-administration of other drugs, since CBZ can
induce CYP3A4 or other oxidative enzymes and enhance
glucuronyltransferase activity, and, as a result, accelerate
metabolism of these drugs and decrease their concentrations in
the body (like warfarin, oral contraceptives, tricyclic
antidepressants, antipsychotics) * % %7, In contrast, felbamate,
oxcarbazepine, phenobarbital, phenytoin, primidone, and
rufinamide induce its clearance, resulting in lower CBZ
concentrations 6%,

Moreover, there are suggestions related to genotyping
patients in order to evaluate its effects on CBZ TDM.
Belhekar et al. % conducted a study demonstrating that
adding CYP3A5 genotyping to TDM did not improve the
prediction of CBZ plasma levels or reduce ADRs compared
with TDM alone. They observed substantial interindividual
variability in CBZ plasma concentrations and CYP3A5
status, but no significant associations were noticed with
trough plasma levels at 1, 3, 6, or 12 months of therapy, nor
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with the occurrence of CBZ-related adverse effects. Their
findings indicate that CYP3A5 polymorphism, although
biologically relevant to CBZ metabolism, does not
substantially influence TDM outcomes in epileptic patients.
They suggest routine genotyping for patients who develop
unexpected toxicity of CBZ.

The complex pharmacokinetic CBZ behavior
increases the potential for ADRs. Hypersensitivity
reactions may occur in approximately 10% of patients ¥/,
The primary cause of ADRs may be metabolism via
CYP3A4, as it is highly prone to auto- and hetero-induction
or inhibition, making CBZ susceptible to a wide range of
DDI that may increase or decrease its serum levels.
Anticonvulsants such as clobazam and stiripentol inhibit
CBZ metabolism, thereby increasing its plasma
concentration and potentially leading to ADRs ® 5657,

Some authors have highlighted clear benefits of
combining TDM with genotyping to reduce ADRs. CBZ
TDM is routinely done to optimize dosing, but genetic
polymorphisms significantly influence patients’ risk of CBZ
toxicity or CBZ-induced hypersensitivity 5. In a systematic
review, Jaramillo et al. * noted that HLA-B*15:02 and HLA-
A*31:01 are strongly linked to severe skin-related ADRSs.
They recommend HLA-B*15:02 genotyping for Asian
patients to prevent severe ADRs. Relying only on TDM is
insufficient because it cannot predict the CBZ immune-
mediated reactions.

CBZ has an established role in epilepsy treatment, but
up to 40% of patients may still demonstrate
pharmacoresistance ®°. A study by Puranik et al. 5 showed that
genetic variation in CYP3A4, CYP3A5, EPHX1, UGT2B7,
ABCB1, and ABCC2 significantly contributes to
interindividual ~ differences in  CBZ pharmacokinetics,
emphasizing a clear genotype-dependent covariate in
population pharmacokinetics. These factors also contributed to
altered CBZ-E/CBZ and CBZ-diol/CBZ-E ratios. Transporter
polymorphisms were associated with decreased central
nervous system penetration and inadequate seizure control.

A study by Kang et al. 2" did not directly determine the
genetic  polymorphisms of CYP3A4; however, it
demonstrated that functional variability in the activity of this
enzyme could have a substantial influence on patients’
susceptibility to form reactive covalent adducts and develop
severe idiosyncratic ADRs.

Fuhr et al. % developed a physiologically based
pharmacokinetic model of CBZ and CBZ-E that included
autoinduction of CYP3A4, CYP2C8, CYP2B6, and
UGT2B7, which could predict plasma and saliva
concentration-time profiles and DDI predictions. As CBZ is
a known inducer of various enzymes and transporters,
modelling methods for sensitive substrates could have future
clinical implications.

Toxicokinetics of carbamazepine

In acute CBZ poisoning, the risk of severe outcomes
depends on the ingested dose and the plasma concentrations
of CBZ and its metabolite CBZ-E 2.

When doses of CBZ exceed 24 g in adults, it is
correlated with fatal outcomes. Signs and symptoms of
toxicity appear up to 3 hrs after ingestion, starting with
neuromuscular  disturbances, followed by impaired
consciousness, which leads to coma, tremor, restlessness,
psychomotor disturbances, dizziness, and drowsiness. Initial
hyperreflexia is progressing to hyporeflexia, and ingested
doses higher than 60 g led to severe cardiac dysfunction.
Additionally, the presence of respiratory depression,
abnormalities in the electrocardiogram, shock, and urinary
retention demands intensive patient monitoring. The
measures for overdose treatment are focused on the
elimination of CBZ and include vomiting, gastric lavage,
therapy with activated charcoal, forced diuresis, and
extracorporeal therapy, such as hemodialysis or
plasmapheresis. If seizures occurred, then treatment with
benzodiazepines is recommended * 5 84-56,

However, there are insufficient data on the relationship
between CBZ dose, its pharmacokinetic behavior, and the
severity of clinical manifestations & % . CBZ
pharmacokinetics is complex and variable even at
therapeutic doses. In cases of large CBZ ingestions, it is
additionally unpredictable, characterized by slow absorption,
delayed peak concentrations, and prolonged elimination,
resulting in zero-order Kinetics ® %, Serum levels of CBZ
may increase up to 72-96 hrs, depending on the formulation
used, due to impaired gastrointestinal motility, as a result of
its anticholinergic effect, and poorly soluble mass of drug,
whose dissolution rate is a limiting factor in the absorption
process, since CBZ is a poorly water-soluble drug 772
Compared with solid-dose CBZ formulations, which exhibit
slow and variable absorption, the CBZ suspension for
children and adults demonstrates predictable, rapid
absorption, with a short time to reach peak drug levels ™,
Liquid formulations can cause severe clinical manifestations
in cases of acute overdose due to rapid absorption and
distribution. Based on the elimination rate of these patients,
they recover much faster than others with CBZ solid
formulation overdoses. However, although the toxic CBZ
concentrations in patients are not entirely consistent with
clinical manifestations, measuring  serum  CBZ
concentrations is a standard method used to confirm drug
exposure, and the minimum toxic level is 10 mg/L, while
severe intoxication occurs at serum levels > 20 mg/L 4 % %,
In children, the toxicity range is much lower. Monitoring of
serum CBZ concentration in acute poisoning is a routine
clinical procedure. Djordjevi¢ et al. ¢ have demonstrated that
salivary CBZ levels correlate well with serum concentrations
in cases of overdosing, suggesting the possibility of
extrapolating concentrations to their corresponding serum
values. Clinical data from a study that analyzed acute mood
stabilizer poisonings indicate that CBZ is associated with
variable toxicity severity and clinical outcomes, emphasizing
significant interindividual differences in the toxicokinetic
behavior of CBZ that are not entirely predictable from dose
alone ™.

Additionally, in overdose situations, CBZ reached
markedly high serum concentrations due to saturation
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kinetics in the epoxidation 7. Namely, it is well known that
processes which depend on specific proteins are capacity-
limited, and due to that, metabolism in drug overdose is
saturable in a dose-dependent manner 8. According to Vree et
al. ™, serum concentrations of CBZ in acute poisoning are
consistently plateau-like, with delayed decreases and
extended half-lives of CBZ and its metabolite, CBZ-E.
Moreover, prolonged serum CBZ monitoring in severe
overdose is necessary due to the possible clinical
deterioration as a result of delayed toxicity caused by the
rebound phenomenon due to redistribution of the drug from
the tissue to the serum after some therapeutic measures, such
as hemoperfusion % 7, Nevertheless, it is necessary to
monitor CBZ and CBZ-E serum concentrations serially, as
prolonged absorption and enterohepatic recirculation may
lead to late rises ™.

It was noted that there was an apparent lack of
correlation between CBZ serum concentrations and clinical
manifestations of toxicity, which could be partially attributed
to the formation of active metabolites ® 7’. Nonetheless,
Winnicka et al. ® have not found a statistically significant
influence of CBZ-E levels on the duration of coma in
poisoned patients. Perhaps the CBZ metabolites cannot be
excluded as contributing factors to toxicity, since their
protein binding is lower, and at high concentrations, they
could have a significant impact. The study of Hundt et al. &
suggests that CBZ metabolites are not more potent than the
parent drug, but their additive effects can prolong or
intensify clinical manifestations during overdose. In
accordance with such findings, a case report was published
describing the additional influence of CBZ-E in a case of
fatal CBZ ingestion, and a dramatically higher ratio of CBZ-
E/CBZ was observed, pointing to a significant contribution
of CBZ-E serum concentrations quantification in overdose
cases ®. Therefore, the active metabolite CBZ-E accumulates
alongside the parent drug and additionally contributes to
neurotoxicity. In order to determine patients at risk for
moderate to severe toxicity according to available clinical
data at the time of initial admittance to the poison control
center, Montgomery et al. ® conducted a six-year study on
patients with CBZ overdose. The most important finding
regarding CBZ toxicokinetics was a confirmation of a weak
but significant correlation between outcome and peak CBZ
level for each observed age group, with severe toxicity
exhibited in children at slightly lower CBZ levels than in
adults. Clinical pharmacokinetic study of CBZ and its
metabolites after an acute drug overdose indicated that CBZ
and CBZ-E clearance values were low, and their dependency
on urine flow supported the assumption that both were
excreted by glomerular filtration minus tubular reabsorption
S, Further population toxicokinetics research focused on
estimating the clearance and volume of distribution of CBZ,
CBZ-E concentrations, and the sum of these values. Lukic et
al. 1 discussed the factors influencing the elimination of
CBZ and CBZ-E in adult patients after acute poisoning with

Kovacevi¢ A, et al. Vojnosanit Pregl 2026; 83(3): 143—152.

this drug. They concluded that elimination Kkinetics is
strongly associated with high C-reactive protein and
aspartate aminotransferase levels, as well as with treatment
with sedating agents. Additionally, the elevated aspartate
aminotransferase was not only an indicator of hepatic
impairment, but also a consequence of possible
rhabdomyolysis in patients with seizures or prolonged coma.
Creatine kinase values in poisoned patients were
significantly higher than in the healthy population.

When an overdose occurs after long-term exposure to
CBZ, the toxicokinetic profile is very different from that of
an acute overdose. Chronic use induces the liver CYP system
continuously, so concentrations of CBZ may remain within
the therapeutic range even when toxicity develops .

Conclusion

Carbamazepine exhibits significant pharmacokinetic
and toxicokinetic variability due to its slow and variable
absorption, extensive and complex hepatic metabolism, and
pronounced autoinduction of the enzymes involved in its
metabolism. Additionally, there is wide interindividual
variability influenced by genetic polymorphisms in genes
encoding the most important carbamazepine metabolic
proteins, such as CYP3A4, CYP3A5, CYP2C8, EPHXL,
UGT2B7, and transporters like ABCB1, ABCC2, and
RALBP1, which influence carbamazepine absorption,
distribution, metabolism, and excretion. The combination of
routine therapeutic drug monitoring and pharmacogenetic
testing could improve the safety and personalization of
therapy. However, therapeutic drug monitoring remains the
central tool in routine clinical practice, while the routine
implementation of pharmacogenetic testing is currently
limited to specific clinical situations and selected patient
populations. After an overdose, the toxicokinetics of
carbamazepine exhibit prominent nonlinearity due to
prolonged absorption, saturable epoxidation in the liver,
delayed clearance, and extended toxicity, as a result of
accumulation of both parent compound and active
metabolites. All of these lead to unpredictable elimination
kinetics. Further well-designed prospective studies are
needed to clarify genotype-phenotype relationships and their
contribution to the precision of dosing strategies, both for
therapeutic use and overdose treatment.
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Abstract

Background/Aim. Klebsiella (K.) pnenmoniae is a frequent
cause of healthcare-associated infections (HAI), particular-
ly in intensive care units. Carbapenem-resistant strains
represent a serious threat due to high mortality and limited
therapeutic options. The aim of this study was to identify
clinical predictors of 30-day mortality and to determine the
presence of carbapenemase genes among K. pneumoniae iso-
lates. Methods. A retrospective cohort study was con-
ducted at the Military Medical Academy in Belgrade, Ser-
bia. It included 121 patients with HAI caused by K. pnen-
moniae between January 2022 and December 2023. Clinical
data were collected through active HAI surveillance. Iso-
lation and antimicrobial susceptibility testing were per-
formed according to standard microbiological proce-
dures, and detection of carbapenemase genes was carried
out using multiplex polymerase chain reaction. Survival
was analyzed using the Kaplan-Meier method, and pre-
dictors of mortality were assessed using Cox regression
analysis. Results. Thirty-day mortality was 59.5%. High

Apstrakt

Uvod/Cilj. Kiebsiella (K) pnenmoniae je cest uzroénik
bolnickih infekcija (bealthcare-associated infections — HAI),
naro¢ito u jedinicama intenzivne nege. Karbapenem-
rezistentni sojevi predstavljaju ozbiljnu pretnju zbog visoke
smrtnosti i ograni¢enih terapijskih moguénosti. Cilj rada
bio je da se identifikuju klini¢ki prediktori 30-dnevne

resistance rates were observed to aminoglycosides (84.3%),
fluoroquinolones (94.2%), and carbapenems (95.9%),
while 67.8% of isolates were multidrug-resistant. The most
common gene was blaoxrasie. (45.5% in 2022 and 65.9%
in 2023), followed by blanpy (22.7% in 2022 and 4.5% in
2023), while blaxpc was detected only in isolates from 2023
(23.9%). The most frequently detected combination of
carbapenemase genes was blanpy + blaoxausie. (31.8% in
2022 and 5.7% in 2023). Detected genes had no significant
effect on survival. Age = 70 years, bloodstream infection,
and intensive care units stay were identified as independ-
ent predictors of 30-day mortality. Conclusion. The high
mortality among patients with HAI caused by car-
bapenem-resistant K. pueumoniae strains was primarily asso-
ciated with patient characteristics and disease severity ra-
ther than the presence of specific carbapenemase genes.

Keywords:

beta-lactamases; carbapenems; cross infection; drug
resistance, bacterial; klebsiella pneumoniae; mortality;
tertiary care centers.

smrtnosti i da se utvrdi prisustvo gena za karbapenemaze
kod izolata K. pueumoniae. Metode. Retrospektivna
kohortna studija sprovedena je na Vojnomedicinskoj
akademiji u Beogradu, Srbija. Studija je obuhvatila 121
bolesnika sa HAI izazvanim K. Preumoniae od januara 2022.
do decembra 2023. godine. Klini¢ki podaci prikupljeni su
aktivnim nadzorom nad HAIL Izolacija i ispitivanje
osetljivosti na antimikrobne lekove uradeni su standardnim
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mikrobioloskim  procedurama, a detekcija gena za
karbapenemaze uradena je metodom multipleks lancane
reakcije polimeraze. Prezivljavanje je analizirano Kaplan-
Majerovom metodom, a prediktori smrtnosti Koksovom
regresionom  analizom. Rezultati. Tridesetodnevna
smrtnost iznosila je 59,5%. Zabelezene su visoke stope
rezistencije na aminoglikozide (84,3%), fluorohinolone
(94,2%) 1 karbapeneme (95,9%), dok je 67,8% izolata bilo
multirezistentno. Najceséi gen bio je blaoxausie. (45,5% u
2022. 1 65,9% u 2023. godini), zatim blanpy (22,7% u 2022.
i 4,5% u 2023. godini), dok je blakpc (23,9%) detektovan
samo u 2023. godini. Najcesce otkrivena kombinacija gena
za karbapenemaze bila je blaxpy + blaoxaasie (31,8% u
2022. 1 5,7% u 2023. godini). Detektovani geni nisu imali

znacajan uticaj na prezivljavanje. Starost = 70 godina,
infekcija krvotoka i boravak u jedinicama intenzivne nege
identifikovani su kao nezavisni prediktori 30-dnevne
smrtnosti. Zaklju€ak. Visoka smrtnost bolesnika sa HAI
izazvanom karbapenem-rezistentnim sojevima K. pneunmoniae
pre svega je bila povezana sa karakteristikama bolesnika i
tezinom osnovnog oboljenja, a ne sa prisustvom gena za
karbapenemaze.

Kljucne reci:

beta-laktamaze; karbapenemi; infekcija,
intrahospitalna; lekovi, rezistencija mikroorganizama,
klebsiella pneumoniae; mortalitet; zdravstvene
ustanove, tercijarne.

Introduction

Klebsiella (K.) pneumoniae is a major cause of
healthcare-associated infections (HAIs), including blood-
stream infections (BSIs), pneumonia, and urinary tract infec-
tions. It represents one of the leading pathogens in intensive
care units (ICUs) worldwide -3, The emergence and spread
of carbapenem-resistant K. pneumoniae (CRKP) have be-
come a significant global public health challenge due to lim-
ited therapeutic options and high associated mortality
rates *°. The World Health Organization (WHO) has identi-
fied carbapenem-resistant Enterobacterales, particularly
CRKP, as critical priority pathogens requiring urgent re-
search and development of new treatment options °.

The prevalence of CRKP infections varies geograph-
ically, with the highest rates observed in Southern and East-
ern Europe ®8. Data from the European Center for Disease
Prevention and Control (ECDC) and the Central Asian and
European Surveillance of Antimicrobial Resistance highlight
persistently high resistance levels in the Balkan region, in-
cluding Serbia, where carbapenem resistance rates among
invasive K. pneumoniae isolates exceed 62.7% " 8 Local
studies confirm that CRKP strains predominate in Serbian
hospitals, reflecting the regional epidemiological situa-
tion * 10,

The strong tendency of K. pneumoniae to acquire genet-
ic material via horizontal gene transfer has facilitated the
emergence of multidrug-resistant (MDR) strains, which are
now predominant in hospital settings * ®. Carbapenem re-
sistance is primarily driven by the production of car-
bapenemases, such as New Delhi metallo-p-lactamase
(NDM), oxacillinase-48 (OXA-48), K. pneumoniae car-
bapenemase (KPC), Verona integron-encoded metallo-B-
lactamase (VIM), and imipenemase (IMP), which can hydro-
lyze carbapenems and other B-lactams ! 3, Studies assessing
whether carbapenemase type influences survival in CRKP
infections have shown inconsistent results. Some suggest
higher mortality with metallo-B-lactamase producers, while
others find that host factors and illness severity are more
predictive than enzyme type -5,

In addition to host-related vulnerabilities, environmen-
tal and organizational factors, such as adherence to infection

prevention and control (IPC) measures, staffing levels, and
variability in nursing training, play a critical role in the ac-
quisition and outcomes of HAIs caused by K. pneumoniae.
These factors are particularly relevant in high-MDR
healthcare settings, where systemic constraints may facilitate
the transmission of CRKP. Several studies, including large
systematic reviews, have shown that lower nurse-staffing
levels and higher workloads are associated with increased
risk of HAI, underscoring the importance of adequate staff-
ing, adherence to IPC protocols, and organizational support
in preventing CRKP spread 1617,

The aim of this study was to identify risk factors and
mortality outcomes associated with K. pneumoniae HAIs and
to provide molecular characterization of carbapenemase-
producing isolates collected in a tertiary healthcare institu-
tion in Serbia.

Methods

This retrospective cohort study included 121 patients
with registered HAIs caused by K. pneumonia between Janu-
ary 2022 and December 2023. The study was conducted at
the Military Medical Academy (MMA), Belgrade, Serbia, a
teaching hospital affiliated with the University of Defence,
Belgrade. The MMA is a 1,000-bed tertiary university
healthcare center, divided into 27 departments according to
medical specialty. The study was approved by the Ethics
Committee of the Faculty of Medicine MMA (No. 5/7/2024,
from April 4, 2024).

Surveillance of healthcare-associated infection

The Department of Healthcare-Related Infection Pre-
vention and Control performs continuous HAI surveillance
among ICU and surgical patients hospitalized for more than
48 hrs. Patients were visited daily by an infection control
nurse and a physician for data collection. The following vari-
ables were collected: age, sex, type of infection (pneumonia,
BSI, urinary tract infection, surgical site infection), surgery
within 30 days, ICU admission, primary diagnosis (cardio-
vascular, gastrointestinal, neurological, respiratory, cancer,
injuries/intoxications, other), McCabe classification, pres-
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ence of invasive devices [drain, central venous catheter
(CVC), mechanical ventilation (MV), urinary catheter (UC)],
and outcome. The ECDC definitions for HAIs translated into
Serbian were applied 8,

Isolation and identification of Klebsiella pneumoniae

Clinical samples were collected from hospitalized pa-
tients with HAIs and processed according to standard operat-
ing procedures, including inoculation on appropriate culture
media and incubation for 18-24 hrs under aerobic conditions
at 37 °C. Isolate identification to the species level was per-
formed using MALDI-TOF MS (Vitek® MS, bioMérieux,
France). Isolates grown under aerobic conditions for 18-24
hrs on blood agar plates with 5% sheep blood were applied
onto the analysis plate using a sterile loop, air-dried, and
overlaid with matrix solution (Vitek® MS-CHCA, bioMé-
rieux). The calibration strain Escherichia coli ATCC® 8739™
was analyzed in parallel. Non-repetitive K. pneumoniae iso-
lates were included in further analyses.

Antimicrobial susceptibility testing

Antimicrobial susceptibility was determined using the
disk diffusion method according to European Committee on
Antimicrobial Susceptibility Testing (EUCAST) methodolo-
gy and by minimum inhibitory concentration using an auto-
mated system (Vitek® 2, bioMérieux, France). Results were
interpreted following EUCAST standards.

For the Kirby-Bauer disk diffusion method, Mueller-
Hinton agar (pH 7.2-7.4) and disks of meropenem (10 ug),
imipenem (10 pg), and ertapenem (10 pg) (Bio-Rad, France)
were used. Bacterial suspensions were prepared to a density
of 0.5 McFarland standard [~ 1 x 108 colony-forming units
(CFU)/mL] and incubated at 37 °C for 18-24 hrs. K. pneu-
moniae isolates with inhibition zones for ertapenem and
meropenem < 25 mm were selected for further testing.

Antibiotic susceptibility for selected strains was as-
sessed using the automated Vitek® 2 system with AST-GN76
cards containing 12 antibiotics (piperacillin—tazobactam,
ceftriaxone, ceftazidime, cefepime, ertapenem, imipenem,
ciprofloxacin, levofloxacin, gentamicin, amikacin, trime-

thoprim—sulfamethoxazole, tigecycline) and phenotypic de-
tection of extended-spectrum B-lactamases (ESBLS). Suspen-
sions adjusted to 0.5 McFarland were prepared in sterile
NaCl, and cards were incubated for 8-12 hrs with automatic
readings every 15 min.

Colistin susceptibility was tested using the broth micro-
dilution method (Liofilchem, Italy) according to EUCAST
recommendations. Serial two-fold dilutions of colistin were
prepared in cation-adjusted Mueller-Hinton broth in 96-well
microtiter plates. Inocula of 0.5 McFarland suspensions were
diluted to a final density of = 5 x 10° CFU/mL. Plates were
incubated at 37 °C for 18-20 hrs, and minimum inhibitory
concentrations were recorded as the lowest concentrations
showing no visible growth. Quality control was performed
using Escherichia coli ATCC® 25922™,

Deoxyribonucleic acid isolation

Deoxyribonucleic acid (DNA) was extracted using the
boiling method. Colonies from agar plates were transferred
into Luria-Bertani broth and incubated overnight. A 1.5 mL
aliquot was centrifuged at 12,000 revolutions per minute
(rpm) for 2 min. The pellet was resuspended in 300 pL ster-
ile distilled water, boiled for 10 min, cooled at -20 °C for 10
min, and centrifuged again at 12,000 rpm for 2 min. The su-
pernatant containing DNA was transferred into a new tube
and used for polymerase chain reaction (PCR) or stored at -
20 °C.

Detection of carbapenemase genes by polymerase
chain reaction

Carbapenemase genes (blanpm *°, blakec 2°, blaoxa-as-
like 22, blavim 22, and blave 22) were detected using multiplex
PCR. Primer sequences and amplicon sizes are listed in
Table 1. PCR conditions included initial denaturation at
94 °C for 5 min, followed by 30 cycles of denaturation at
94 °C for 45 s, annealing at 59 °C for 60 s, and extension
at 72 °C for 60 s, with a final extension at 72 °C for 10
min. PCR products were analyzed by electrophoresis in
2% agarose gel, stained with ethidium bromide, and visu-
alized under ultraviolet light.

Table 1
Primers used for carbapenemase gene detection

Primer Sequence 5'-3' Amplicon size (bp)  Reference
blanom Fw GGGCAGTCGCTTCCAACGGT 475 17
blanom Rw GTAGTGCTCAGTGTCGGCAT
blaxkec Fw ATGTCACTGTATCGCCGTCT 893 18
blakec Rw TTTTCAGAGCCTTACTGCCC
blaoxa-ag-tike FW TTGGTGGCATCGATTATCGG 744 19
blaoxa.-4s-like Rw GAGCACTTCTTTTGTGATGGC
blavim Fw GATGGTGTTTGGTCGCATA 390 2
blavim Rw CGAATGCGCAGCACCAG
blame Fw GGAATAGAGTGGCTTAATTCTC 188 2
blaive Rw CCAAACCACTACGTTATCT

NDM - New Delhi metallo-p-lactamase; KPC - Klebsiella pneumoniae carbapenemase;

OXA-48 - oxacillinase-48; VIM -

Verona

integron-encoded  metallo-B-lactamase;

IMP — imipenemase; Fw — forward primer; Rw — reverse primer; bp — base pairs.
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Statistical analysis

Baseline differences in demographic and clinical
characteristics were assessed across carbapenemase genes
(blaoxa-ss-iike, blanom, blakec, and blanpm + blaoxa-ss-tike).
Categorical variables were summarized as counts and per-
centages, and continuous variables as mean * standard
deviation (SD) or median (interquartile range), as appro-
priate. Differences in categorical variables were tested us-
ing Fisher’s exact test with Monte Carlo simulation, while
age differences were assessed using one-way analysis of
variance. Two-sided p-values < 0.05 were considered sta-
tistically significant. The primary outcome was all-cause
30-day mortality following K. pneumoniae isolation. Sur-
vival was analyzed using Kaplan-Meier estimates strati-
fied by carbapenemase genes, with group differences as-
sessed using the log-rank test. Univariable Cox propor-
tional hazards models were constructed for candidate pre-
dictors: age, sex, study year, infection type, surgery with-
in 30 days, ICU admission, primary diagnosis, McCabe
classification, invasive devices (drain, CVC, MV, UC),
and carbapenemase genes. Since age did not satisfy the
linearity assumption in the log-hazard, it was categorized
as a binary variable (< 70 vs. > 70 years), with the cut-off

chosen based on the cohort median and clinical plausibil-
ity. Predictors with p < 0.05 in univariable analysis or
considered clinically relevant were included in the multi-
variable model. Variables with fewer than 10 outcome
events were excluded to avoid unstable estimates. McCa-
be classification was omitted due to the complete separa-
tion of outcomes. The proportional hazards assumption
was evaluated graphically using log-minus-log plots.
Model fit was assessed using likelihood ratio tests and -2
log-likelihood statistics. Analyses were conducted using
IBM SPSS Statistics version 23 (IBM Corp., Armonk,
NY, USA).

Results

Characteristics of the studied cohort

A total of 121 patients with K. pneumoniae HAI were
included in the study, with the majority (80.2%) detected in
2023 and 19.8% in 2022 (Table 2). The patients included 75
(62.0%) males and 46 (38.0%) females with a mean + SD of
65.3 £ 17.3 years. Clinical characteristics of the patients are
presented in Table 2. A mortality within 30 days occurred in
59.5% of patients.

Table 2
Distribution of carbapenemase gene types according to patient clinical characteristics
Most frequent blanoy +
Allisolates  carbapenemase  blaoxa-s-iike blanom blakpc i .
Parameter (n=121) genotypes (n = 68) (n=9) (n=21) blaOiA-fsz-llke p-value
(n = 110) (n=12)
Study year
2022 24 (19.8) 22 (20.0) 10 (45.5) 5 (22.7) 0 (0) 7GL8) (o001
2023 97 (80.2) 88 (80.0) 58 (65.9) 4(4.5) 21 (23.9) 5(5.7) :
Age, years 65.3 (17.3) 65.0 (17.2) 645(19.2) 74.7(75) 67.1(150) 57.2(17.3) 0.1488
Gender
male 75 (62.0) 69 (62.7) 42 (60.9) 6(8.7) 11(159)  10(145) o)
female 46 (38.0) 41 (37.2) 26 (63.4) 3(7.3) 10 (24.4) 2(4.9) :
Previous stay in another hospital 28 (23.1) 26 (23.6) 17 (65.4) 1(3.8) 5(19.2) 3(11.5) 0.909
Type of infection™
pneumonia 35 (28.9) 33(31.8) 19 (57.6) 3(9.1) 9 (27.3) 2(6.1) 0.421
BSI 49 (40.5) 45 (40.9) 29 (64.4) 2(4.4) 10 (22.2) 4(8.9) 0.579
UTIs 10 (8.3) 10 (9.1) 5 (50.0) 2(20.0) 2(20.0) 1(10.0) 0.421
SSls 13 (10.7) 11 (10.0) 5 (45.5) 2(18.2) 2(18.2) 2(18.2) 0.275
Comorbidities
diabetes mellitus 25 (20.7) 22 (20.0) 8 (36.4) 5(22.7) 7(31.8) 2(9.1) 0.007
neoplasm 22 (18.2) 22 (20.0) 15 (68.2) 1(4.5) 6 (27.3) 0 (0) 0.197
McCabe classification
non-fatal disease 21 (17.4) 19 (17.3) 8 (42.1) 0(0) 4(21.1) 7 (36.8)
ultimately fatal disease 26 (21.5) 23(20.9) 14 (60.9) 4 (17.4) 5(21.7) 0 (0) 0.007
rapidly fatal disease 74 (61.2) 68 (61.8) 46 (67.6) 5(7.4) 12 (17.6) 5(5.4)
Presence of invasive devices™
g;ilt?al Venous catheter 55 (45.5) 50 (45.5) 33 (66.0) 1(2.0) 11(220)  5(10.0)  0.170
mechanical ventilation 101 (83.5) 94 (85.4) 60 (63.8) 5(5.3) 19 (20.2) 10 (10.6) 0.092
urinary catheter 101 (83.5) 93 (84.5) 61 (65.6) 4(4.3) 20 (21.5) 8 (8.6) 0.002
119 (98.3) 108 (98.2) 68 (63.0) 8(7.4) 21(194)  11(10.2)  0.035
Pre-infection length of stay, day
- 60 (49.6) 52 (47.3) 3(596)  4(Z7)  12(81) 506 a0
= 61 (50.4) 58 (52.7) 37 (63.8) 5 (8.6) 9 (15.5) 7(12.1) :
Fatal outcome within 30 days 72 (59.5) 66 (60.0) 46 (69.7) 5 (7.6) 12 (18.2) 3(45) 0.048
Surgery within 30 days 67 (55.4) 62 (56.4) 40 (64.5) 3(4.8) 12 (19.4) 7 (11.3) 0.557
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Table 2 (continued)
Most frequent blanow +
Allisolates  carbapenemase  blaoxa-s-iike blanom blakpc i y .
Parameter (n=121) genotypes (n = 68) (n=9) (n=21) bl(a;]oiA-st-;ke p-value
(n=110) -
Type of care
non-ICU 12 (9.9) 11 (10.0) 7 (63.6) 2(18.2) 1(9.1) 1(9.1) 0471
ICU admission 109 (90.1) 99 (90.0) 61 (61.6) 7(7.1) 20(20.2)  11(11.1) :
Primary diagnosis
cardiovascular diseases 24 (19.8) 21(19.1) 8(38.1) 5(23.8) 4 (19.0) 4(190)  0.008
gastrointestinal diseases 15 (12.4) 15 (13.6) 11(73.3) 0(0) 2(133) 2(13.3) 0.686
neurological diseases 11(9.1) 10(9.1) 8 (80.0) 0(0) 1(10.0) 1(10.0) 0.845
respiratory diseases 18 (14.9) 15 (13.6) 9 (60.0) 1(6.7) 3(20.0) 2(13.3) 0.936
cancer o 22 (18.2) 22 (20.0) 15 (68.2) 1(4.5) 6 (27.3) 0 (0) 0.194
injuries and intoxications 22 (18.2) 20 (18.2) 12 (60.0) 1(5.0) 5 (25.0) 2 (10.0) 0.906
other 9 (7.4) 7 (6.4) 5 (71.4) 1 (14.3) 0 (0) 1(14.3) 0.433

BSI - bloodstream infection; UTI — urinary tract infection; SSI — surgical site infection; ICU - intensive care unit;

n — number. For other abbreviations, see Table 1.

All values are given as numbers (percentages), except for age parameter, which is expressed as mean (standard deviation).
8p-value for one-way analysis of variance; other p-values derived from Fisher’s exact test (Monte Carlo). Values that differ

significantly (p < 0.05) are bolded.

Note: Percentages in the first column are based on all isolates (n = 121). *Comparative analyses and corresponding
percentages refer to the four most prevalent carbapenemase groups only (n = 110). ** Some patients had multiple sites of
infection. *** Some patients could have several invasive devices.

Table 3
Antimicrobial susceptibility testing results of Klebsiella pneumoniae
Antimicrobial . Number of Susceptible . Susceptible, Resistant
isolates tested increased exposure
Ceftriaxone/cefotaxime 121 0 (0) 0(0) 121 (100)
Cefepime 121 1(0.8) 0(0) 120 (99.2)
Gentamicin 121 16 (13.2) 0(0) 105 (86.8)
Amikacin 121 7 (5.8) 0(0) 114 (94.2)
Ciprofloxacin 121 1(0.8) 0(0) 120 (99.2)
Levofloxacin 117 2(1.7) 0(0) 115 (95.0)
Imipenem 121 15 (12.4) 7 (5.8) 99 (81.8)
Meropenem 121 5(4.1) 0(0) 116 (95.9)
Trimethoprim-sulfamethoxazole 121 1(0.8) 0(0) 120 (99.2)
Colistin 119 47 (38.8) 0 (0) 72 (59.5)

All values are given as numbers (percentages).
Note: No isolates exhibit single resistance.

Isolates were most often obtained from blood cultures
(44.6%) and bronchial aspirates (38.8%), with smaller per-
centages from bronchoalveolar lavage (6.6%), urine (3.3%),
wound swabs (2.5%), drains (1.7%), cerebrospinal fluid
(1.7%), and brain abscess (0.8%).

Antimicrobial susceptibility testing

Antimicrobial susceptibility results are summarized
in Table 3. A pronounced level of multidrug resistance
was detected. Dual resistance to aminoglycosides (gen-
tamicin and amikacin) was identified in 84.3% of isolates,
when 15.7% remained susceptible to both agents. High
resistance rates were also observed for fluoroquinolones,
with 94.2% of isolates resistant to ciprofloxacin and
levofloxacin, noting that levofloxacin testing was not per-
formed on all isolates. Resistance to carbapenems was
confirmed in 95.9% of isolates, with 18.2% interpreted as
susceptible, including those classified as susceptible, and
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increased exposure according to EUCAST criteria. Ac-
cording to our study definition, K. pneumoniae isolates
were considered carbapenem-resistant if they exhibited
resistance to at least one of the two tested carbapenems
(imipenem or meropenem). When resistance patterns were
analyzed across four major antibiotic groups, including
third-generation cephalosporins, aminoglycosides, fluoro-
quinolones, and carbapenems, 67.8% of isolates exhibited
resistance to all, highlighting the predominance of multi-
drug-resistant strains, while 32.2% retained at least partial
susceptibility.

Distribution of carbapenemase genes during the study
period

Of the 121 carbapenemase-producing isolates, 110 be-
longed to the four most frequent carbapenemase groups
(blaoxa-as-tike, blanom, blakpec, and blanom + blaoxassie), and
were included in the comparative analysis. The distribution
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of carbapenemase genes differed significantly between the
two study years (p < 0.001) (Table 2).

The blaoxa-s-iike g€Ne was the most prevalent as the sin-
gle carbapenemase gene detected in both years, with 45.5%
of isolates in 2022 and 65.9% in 2023, followed by blanpm,
with 22.7% in 2022 and 4.5% in 2023, while blakec as a sin-
gle carbapenemase gene was detected only in isolates from
2023 (23.9%). The most frequently detected combination of
carbapenemase genes was blanpm + blaoxa-as-ike, With 31.8%
in 2022 and 5.7% in 2023.

The remaining 11 isolates were excluded from the
comparative analysis due to their small number and heter-
ogeneity. Among these, the blayiv gene was detected only
in combination with other carbapenemase genes, while the
blaive gene was not detected. Combinations blaoxa-as-ike +
blakec and blaoxa-ss-ike + blavim were each identified in
two isolates in 2023. Single isolates carried blanpm +
blakpc in 2022, and blanpm + blaviv and blakpc + blayiv in
2023. One isolate from 2022 harbored three car-
bapenemase genes (blanom + blaoxa-as-like + blakec). In ad-
dition, three isolates from 2023 did not carry any car-
bapenemase gene (Figure 1).

Association between carbapenemase genes and clinical
characteristics of the patients

The association between carbapenemase genes and clin-
ical characteristics of the patients is presented in Table 2.
A statistically significant association was observed between
carbapenemase gene distribution and diabetes mellitus sta-
tus of the patients (p = 0.007). Non-diabetic patients were
predominantly infected with K. pneumoniae carrying blao.
xa-as-like (68.2%), whereas this carbapenemase was detected
in 36.4% of isolates from diabetic patients. In contrast, dia-
betic patients were more frequently infected with K. pneu-
moniae carrying blakec (31.8%) and blanom (22.7%) car-
bapenemases.

In addition, a statistically significant association was
observed between carbapenemase gene distribution and
McCabe categories (p = 0.007) (Figure 2). In all categories,
blaoxa-ss-ie Was dominant (rapidly fatal disease 67.6%, ulti-
mately fatal disease 60.9%, and non-fatal disease 42.1%);
however, the relative contribution of other carbapenemase
genes varied, and blaxom genes were not detected in the non-
fatal disease category.
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Among patients on MV, the most common isolates
were b|ao>(A.48.|ike (656%) and b|a|<pc (215%), while bIaNDM
was the least frequent (4.3%) compared with patients who
were not on MV (p = 0.002). Urinary catheterization was
nearly universal (98.3%), but the two patients without a UC
carried blanpm and blanpm + blaoxa-ss-tike (p = 0035)

Overall, 59.5% of patients died within 30 days. Among
non-survivors, blaoxa-s-ike Was most frequent (69.7%),
whereas among survivors, blaoxa-ss-iike Was isolated in 50.0%
of patients. Among non-survivors, blacxa-ss-iike Was most fre-
quent (69.7%), following blakpc (18.2%), blanowm (7.6%), and
blanom + blaoxa-as-iike (45%) (p = 0048)

Kaplan-Meier analysis of 30-day survival

Kaplan-Meier survival analysis was performed to eval-
uate 30-day survival after K. pneumoniae isolation according
to carbapenemase gene type (Figure 3). The overall median
survival time was 13 days [95% confidence interval (CI):
8.7-17.3], while the mean survival was 16.1 days (95% CI:
13.8-18.4). In the subgroup analysis by carbapenemase gene
type, the median survival was 12 days (95% CI: 7.5-16.5)
for blaoxa-4s-ike, 14 days (95% ClI: 0-40.3) for blaxpwm, and 11
days (95% CI: 0-33.4) for blakec producers. Median survival
could not be estimated for the blaxnow + blaoxa-ss-ike group
due to censoring, although the mean survival was longest in
this group (22.8 days, 95% CI: 15.8-29.9) (Table 4).

The log-rank test showed no statistically significant
difference in 30-day survival distributions across car-
bapenemase groups (y? = 4.83, df = 3, p = 0.185), alt-
hough isolates carrying the blaoxa-ss-like gene demonstrated
a clinically notable trend toward lower survival probabili-
ties.

Cox regression analysis of predictors of 30-day survival

Results of univariable Cox regression analysis are pre-
sented in Table 5. In univariable Cox regression, age > 70
years was associated with an increased risk of 30-day mortal-
ity [hazard ratio (HR): 1.96; 95% CI: 1.21-3.15; p = 0.006].
Among infection types, BSI was linked to a higher hazard of
death (HR: 1.75; 95% CI: 1.01-2.78; p = 0.018), whereas
pneumonia was associated with a lower risk (HR: 0.52; 95%
Cl: 0.29-0.91; p = 0.024). ICU admission (HR: 3.60; 95%
Cl: 1.13-11.46; p = 0.030), recent surgery within 30 days
(HR: 1.82; 95% CI: 1.14-2.90; p = 0.013), and respiratory
diseases as the primary diagnosis (HR: 1.80; 95% CI: 1.01-
3.23; p = 0.049) were also significant predictors. In contrast,
injuries and intoxications as the primary diagnosis appeared
protective (HR: 0.45; 95% CI: 0.21-0.95; p = 0.036). Nota-
bly, predictors such as BSI and respiratory diseases had low-
er confidence-interval bounds close to 1.00 (1.01 and 1.01,
respectively), indicating statistically fragile yet clinically
plausible associations.
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distributions across carbapenemase groups (32 = 4.83, df = 3, p = 0.185).

Table 4

Kaplan-Meier survival estimates within 30 days after Klebsiella pneumoniae isolation

Carbapenemase genes Median survival (days)

95% CI for median

Mean survival (days)  95% CI for mean

blaoxa-s-like 12
blanom 14
blakec 11
blanom + blaoxa-as-like™ -
Overall 13

7.5-16.5 14.8 12.0-17.5
0-40.3 16.7 8.6-24.7
0-33.4 16.5 11.1-21.8

- 22.8 15.8-29.9
8.7-17.3 16.1 13.8-18.4

CI - confidence interval. For other abbreviations, see Table 1.

Note: “Median not estimable as > 50% of patients were censored at 30 days.
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Table 5
Univariable Cox regression analysis of factors associated with 30-day mortality

Variable S(l:]r\:\ic;;s No?;]sgr;/é\)/ors HR (95% CI) p-value
Study year

2022 14 (28.6) 10 (13.9) Ref - -

2023 35 (71.4) 62 (86.1) 1.79 (0.91-3.49) 0.088
Age, years 57.8+£18.2 704 +£14.7

<70 33 (67.3) 28 (38.9) Ref - -

>70 16 (32.7) 44 (61.1) 1.96 (1.21-3.15) 0.006
Gender

female 16 (32.7) 30 (41.7) Ref - -

male 33 (67.3) 42 (58.3) 0.74 (0.46-1.18) 0.211
Previous hospital stay 10 (20.4) 18 (25) 1.05 (0.61-1.79) 0.855
Type of infection

pneumonia 20 (40.8) 15 (20.8) 0.52 (0.29-0.91) 0.024

BSI 15 (30.6) 34 (47.2) 1.75 (1.01-2.78) 0.018

UTI 5(10.2) 5(6.9) 0.82 (0.32-2.03) 0.664

SSI 8 (16.3) 5(6.9) 0.54 (0.22-1.35) 0.191
Comorbidities

diabetes mellitus 9 (18.4) 16 (22.2) 1.11 (0.64-1.94) 0.700

neoplasm 8 (16.3) 14 (19.4) 1.08 (0.60-1.94) 0.785
McCabe classification

non-fatal 21 (42.9) 0 (0) - - -

ultimately fatal 15 (30.6) 11 (15.3) - - -

rapidly fatal 13 (26.5) 61 (84.7) - - -
Invasive devices

drain 26 (53.1) 29 (40.3) 0.77 (0.48-1.23) 0.273

central venous catheter 43 (87.8) 58 (80.6) 0.88 (0.49-1.59) 0.683

mechanical ventilation 40 (81.6) 61 (84.7) 1.25 (0.66-2.38) 0.489

urinary catheter 47 (95.9) 72 (100) 1.82 (0.25-13.1) 0.553
Other predictors

surgery within 30 days 35 (71.4) 32 (44.4) 1.82 (1.14-2.90) 0.013

pre-infection LOS > 14 days 29 (59.2) 32 (44.4) 0.75 (0.47-1.19) 0.221

ICU admission 40 (81.6) 69 (95.8) 3.60 (1.13-11.46) 0.030
Primary diagnosis

cardiovascular 9 (18.4) 15 (20.8) 0.97 (0.55-1.72) 0.927

gastrointestinal 5(10.2) 10 (13.9) 1.52 (0.77-2.96) 0.223

neurological 6 (12.2) 5 (6.9) 0.60 (0.24-1.50) 0.276

respiratory 4(8.2) 14 (19.4) 1.80 (1.01-3.23) 0.049

cancer 8 (16.3) 14 (19.4) 1.08 (0.60-1.94) 0.785

injuries/intoxications 14 (28.6) 6 (8.3) 0.45 (0.21-0.95) 0.036

other 3(6.1) 6 (8.3) 1.30 (0.56-3.00) 0.537
Carbapenemase genes

blaoxa-ag-like 22 (44.9) 46 (63.9) 1.50 (0.92-2.43) 0.097

blanom 4(8.2) 5(6.9) 0.91 (0.36-2.24) 0.829

blakrc 9(18.4) 12 (16.7) 0.96 (0.51-1.79) 0.903

blanom + blaoxa-4s-like 9(18.4) 3(4.2) 0.33 (0.10-1.06) 0.063

LOS - length of stay; HR — hazard ratio; Ref — reference category.

For other abbreviations, see Tables 1, 2, and 4.

All values are given as humbers (percentages) or mean + standard deviation.

Several variables did not reach statistical significance
but showed HRs and Cls suggestive of potential clinical rel-
evance. The presence of the blaoxa-ss-iike gene was associated
with an elevated mortality risk (HR: 1.50; 95% CI. 0.92—
2.43; p = 0.097), with the CI narrowly crossing 1.00.

McCabe classification showed complete HRs prediction
of outcome: no deaths occurred among patients with non-
fatal disease, whereas nearly all patients with rapidly fatal
disease died within 30 days. Because of this complete sepa-
ration, HR could not be reliably estimated for McCabe cate-
gories in univariable Cox regression, although descriptive
analysis clearly demonstrated its strong prognostic value. For

this reason, McCabe’s classification was excluded from the
multivariable analysis.

In the multivariable Cox regression model, age > 70
years, BSI, and ICU admission remained independent predic-
tors of 30-day mortality (Table 6). Patients aged > 70 had
nearly a two-fold increased hazard of death compared with
those younger than 70 (HR: 1.98; 95% CI: 1.23-3.20; p =
0.005). BSI was associated with a 63% higher hazard (HR:
1.63; 95% CI: 1.02-2.61; p = 0.040), while ICU admission
was associated with more than a three-fold increased hazard
(HR: 3.35; 95% CI: 1.05-10.72; p = 0.041). Sex was not sig-
nificantly associated with survival in this model.
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Table 6
Univariable and multivariable Cox regression analysis of predictors of 30-day mortality
Variable Univariable HR (95% CI) p-value Multivariable HR (95% CI) p-value
Age > 70 years 1.96 (1.21-3.15) 0.006 1.98 (1.23-3.20) 0.005
BSI 1.75 (1.01-2.78) 0.018 1.63 (1.02-2.61) 0.040
ICU admission 3.60 (1.13-11.46) 0.030 3.35 (1.05-10.72) 0.041
Pneumonia 0.52 (0.29-0.91) 0.024 - n.s.
Surgery < 30 days 1.82 (1.14-2.90) 0.013 - n.s.
Respiratory diagnosis 1.80 (1.01-3.23) 0.049 - n.s.
Injuries/intoxications 0.45 (0.21-0.95) 0.036 — n.s.

n.s. — not significant. For other abbreviations, see Tables 2, 4, and 5.
Note: Variables considered in the stepwise Cox regression were age > 70 years, sex, BSI, ICU admission,
pneumonia, recent surgery, and respiratory diagnosis. Only significant predictors are presented.

Discussion

In this single-center cohort of hospitalized patients with
HAI K. pneumoniae infections, 30-day all-cause mortality
was high (59.5%). Independent predictors of poor outcome
included age > 70 years, BSI, and ICU admission, while car-
bapenemase genes did not independently influence survival.
These findings emphasize that host and clinical severity re-
main the dominant determinants of short-term outcomes.

In our study, the mortality rate exceeds that reported in
most multicenter European cohorts. It is important to differ-
entiate healthcare between different countries. In the Serbian
context, available data and literature indicate that death most
often occurs in hospitals rather than at home. During the
coronavirus disease 2019 pandemic, as many as 94.3% of
deaths occurred in hospitals and only 5.7% at home 2. Fur-
thermore, the dying process has, in most cases, shifted from
homes to healthcare facilities, highlighting that palliative
care is still not fully integrated into everyday practice in Ser-
bia %,

However, Isler et al. 2 recently reported 30-day mor-
tality of 44% in carbapenemase-harboring carbapenem-
resistant Klebsiella spp. BSI infections, while a systematic
review and meta-analysis indicated that more than 50% of
ICU, HAI, CRKP, and ESBL-producing K. pneumoniae
were associated with significantly higher 30-day mortality
rates (estimated at ~ 29%) %.

Similarly, Maraolo et al. 2 demonstrated an adjusted
two-fold increase in death with CRKP vs. carbapenem-
sensitive K. pneumoniae isolates. By contrast, northern Eu-
ropean series, such as Fostervold et al. %, documented sub-
stantially lower case-fatality (~12%), likely reflecting lower
prevalence of resistance and more favorable baseline patient
status. Our findings, therefore, align with the higher end of
published mortality estimates, reflecting the severe case mix
and therapeutic limitations in our setting.

Our results can also be compared with those of Soares
de Moraes et al. 1!, who investigated 107 patients with K.
pneumoniae BSI in Brazil, of whom 50.5% carried car-
bapenem-resistant isolates. In their cohort, blakec was the
dominant carbapenemase, whereas in our study, blaoxa-s-iike
predominated, followed by blakec and blaxpm. Mortality was
elevated in both studies, but different prognostic factors
emerged. Soares de Moraes et al. ! identified renal failure,
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liver failure, and extensively/pandrug-resistant status as pre-
dictors of death, while in our analysis, age > 70 years, BSI,
and ICU admission were most strongly associated with 30-
day mortality. These results highlight that although re-
sistance mechanisms differ across regions, mortality remains
high and is largely determined by host condition and severity
of illness rather than the presence of the carbapenemase
genes alone.

Comparable mortality rates have been reported in sev-
eral other high-risk cohorts. In Brazil, Andrey et al. 2 ob-
served a 30-day mortality rate of 60% in patients with KPC-
producing K. pneumoniae BSlIs, with the sequence type 16
clone reaching nearly universal fatality. In Italy, Falcone et
al. 2° reported a 30-day mortality rate of 40% in ICU patients
with septic shock due to KPC-producing K. pneumonia.
They demonstrated that a colistin-containing regimen, the
use of two or more in vitro active antibiotics as definite ther-
apy, and control of a removable source of infection were in-
dependently associated with a favorable outcome, while in-
fection due to a colistin-resistant strain and an intra-
abdominal source of infection were independently associated
with death. Giacobbe et al. * further demonstrated that in the
subgroup with colistin-resistant isolates, mortality reached ~
50%, underscoring the impact of last-line resistance. Taken
together, these findings confirm that our observed mortality
lies at the upper range of global experience and is consistent
with cohorts where advanced age, critical illness, and thera-
peutic limitations converge to drive poor outcomes.

Although in our cohort, the presence of the car-
bapenemase genes was not significantly associated with
short-term survival, genetic information remains clinically
relevant for antimicrobial selection. In particular, data from
the Hellenic Ceftazidime/Avibactam Registry demonstrated
markedly better outcomes among patients infected with
KPC-producing K. pneumoniae compared with those harbor-
ing NDM or OXA-48 enzymes, underscoring the therapeutic
importance of precise carbapenemase identification 3.,

We observed high resistance rates to most of the tested
antibiotics. Resistance to ceftriaxone/cefotaxime was universal
(100%), far exceeding the European Union/European Econom-
ic Area (EU/EEA) population-weighted average of 34.8% re-
ported by ECDC for 2023 8. Similarly, resistance to cefepime
reached 99.2%, underscoring the diminished therapeutic value
of extended-spectrum cephalosporins in our setting.
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Very high resistance rates were also recorded for ami-
noglycosides, with 86.8% of isolates resistant to gentamicin
and 94.2% to amikacin, compared to the European average
of 23.6% & Comparable patterns were observed for fluoro-
quinolones, with resistance rates of 99.2% for ciprofloxacin
and 95.0% for levofloxacin; however, susceptibility testing
was not performed for four isolates. By contrast, the Europe-
an average was 33.7% 8. These findings suggest that amino-
glycosides and fluoroquinolones have lost nearly all clinical
utility in our cohort, unlike in the broader European context.

Another major concern is the extremely high resistance
to carbapenems, which have traditionally been considered
last-line agents. Resistance to imipenem was observed in
81.8% of isolates, while resistance to meropenem reached
95.9%, compared with the EU/EEA average of 13.3% 8. Alt-
hough ECDC data indicated a gradual increase in car-
bapenem resistance over the 2019-2023 period, the levels
observed in our study are considerably higher and align with
reports of heavier resistance burdens in southern and eastern
Europe 8.

High resistance was also observed for trimethoprim-
sulfamethoxazole (99.2%).

Colistin showed variable results, with 59.5% of isolates
being resistant and 38.8% remaining susceptible. Results are
based on 119 isolates, as testing was unavailable for two iso-
lates. This finding is clinically relevant given its role as a
last-resort therapeutic option for carbapenem-resistant infec-
tions.

Dual resistance to both aminoglycosides was present in
84.3% of isolates, while 94.2% were resistant to both fluoro-
quinolones. Simultaneous resistance to both carbapenems
was detected in 81.8% of isolates. In comparison, ECDC re-
ported that 21.0% of K. pneumoniae isolates across the
EU/EEA showed combined resistance to third-generation
cephalosporins, fluoroquinolones, and aminoglycosides,
while 11.1% showed combined resistance to four groups of
antibiotics, including carbapenems 8. In our study, 67.8% of
isolates were simultaneously resistant to all four groups, in-
dicating a predominance of MDR K. pneumoniae strains.
Similar trends were also reported in the Ni$ region (southern
Serbia) during the 2014-2018 period, where Klebsiella spp.
MDR isolates showed a decreasing trend in susceptibility to
cephalosporins and fluorogquinolones, with resistance rates to
ciprofloxacin and levofloxacin consistently above 60% 32,

The exceptionally high resistance rates observed in our
study should be interpreted within the clinical context of a
tertiary-care referral institution. These patients typically pre-
sented with severe or advanced clinical conditions, with
nearly half diagnosed with BSI.

The majority required ICU management (90.1%) with
exposure to invasive devices such as UC (98.3%), MV
(83.5%), and CVC (83.5%), all of which are recognized risk
factors for colonization and infection with MDR organisms.
Extensive prior antimicrobial exposure combined with criti-
cal illness and invasive support creates strong selective pres-
sure favoring the emergence and persistence of resistant
strains. Therefore, the predominance of MDR K. pneumoniae
isolates in our cohort is not only expected but also reflects

the therapeutic challenges faced in high-risk clinical envi-
ronments.

In the past period, there has been a rapid dissemination
of MDR strains, including carbapenem-resistant strains 58, A
rapid and extensive dissemination of CRKP strains is caused
by horizontal genetic transfer, since carbapenemase genes
are mainly plasmid encoded 2.

During the study period, we detected blaoxa-s-iike as the
most dominant carbapenemase gene, followed by blakec,
blaxom, and blavim. Moreover, the most common co-
producers were blanom + blaoxa-s-iike-

The distribution of carbapenemase genes in our study is
consistent with previous reports from our country **-%. In the
study by Zornic et al. *, the majority of isolates carried
blaoxa-ss-iike, followed by blakec and blanom genes, while the
majority of co-producers harbored blaoxa-ss-iike @nd blanpm
genes. Additionally, blanom + blavim was detected in one iso-
late. In the other two studies, the most prevalent car-
bapenemase gene was blaoxas-ike, Which was associated
with the high-risk sequence type 101 clone. The plasmid that
carried the blaoxa-ss-iike gene also carried the ESBL encoding
gene blacrx.w1s and several other resistance genes ** . In
contrast to our results, a 2017 study of MDR K. pneumoniae
strains reported blanpw Was the most prevalent gene ¢,

Our results are also related to the regional car-
bapenemase gene distribution, showing similar resistance
profiles of K. pneumoniae strains with the predominant
blaoxa-ss-ike Carbapenemase circulating in neighboring coun-
tries. The predominance of blaoxa-ss-iike ObServed in our study
is consistent with findings from several countries in the Bal-
kan region 374,

In our study, the blayiv gene was detected in only four
isolates from 2023, indicating its limited circulation com-
pared with other carbapenemase genes. This finding is con-
sistent with data from neighboring countries, where VIM-
producing K. pneumoniae strains have been reported sporad-
ically or replaced over time by other carbapenemase types .
Together, these findings suggest that in the Balkan region,
blavim genes occur at low frequencies and are being progres-
sively displaced by the expansion of blaoxa-as-iike and blanpm,
mirroring the trend observed in our cohort.

With respect to comorbidities, diabetes mellitus was the
only condition showing a statistically significant association
with carbapenemase gene carriage. Among these patients,
blaoxa-ss-ike @and blaxpc genes predominated, followed by
blanom and the blanom + blaoxa-ss-ike cOMbination. A similar
distribution of carbapenemase genes was observed among
patients with neoplasms; however, this was not statistically
significant. Given that these patients are typically immuno-
compromised, the presence of carbapenem-resistant isolates
may further complicate treatment and increase the risk of ad-
verse clinical outcomes. In contrast to our results, the study
from Romania detected co-producers blanom + blaoxa-as-ike as
the dominant carbapenemase genes, but without a statistical-
ly significant association with diabetes mellitus and neo-
plasms %,

A statistically significant association was also observed
for the McCabe classification. The majority of cases were
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classified as having a rapidly fatal disease, followed by an
ultimately fatal disease. Within these categories, blaoxa-ss-iike
and blaxec were the most frequently detected carbapenemase
genes, suggesting that these enzymes may be linked to more
severe infections or reflect the higher vulnerability of criti-
cally ill patients. The majority of patients were treated in the
ICU, frequently requiring MV and UC, both of which were
significantly associated with carbapenemase gene distribu-
tion. Although our results confirm ICU stay, but not MV,
CVC, or UC as risk factors for fatal outcome, other studies
emphasize the importance of invasive procedures as potential
risk factors for colonization or infection by CPKP & 1011,

Kaplan-Meier analysis showed differences in survival
across carbapenemase genes, with the blaxom + blaoxa-as-iike
group exhibiting the longest median survival, yet no statisti-
cally significant association with 30-day survival was detect-
ed. This aligns with a recent multicenter cohort where mor-
tality did not differ between KPC- and NDM-producing iso-
lates after adjustment for therapy and clinical severity 5. In
contrast, other cohorts reported worse outcomes with KPC
compared with NDM producers **. A Spanish study focusing
on OXA-48 producers further suggests that appropriate ther-
apy, rather than the enzyme class per se, is the main deter-
minant of short-term survival 2,

The marked shift in carbapenemase distribution be-
tween 2022 and 2023, characterized by a decline in NDM
producers and a substantial increase in OXA-48 and KPC,
may reflect changes in local epidemiology, plasmid trans-
mission dynamics, selective antimicrobial pressure, and pa-
tient case mix. Similar year-to-year variability has been re-
ported in tertiary hospitals across the Balkan region, where
OXA-48 enzymes have rapidly become dominant over
time . Although our study design does not allow causal in-
ference, these trends underscore the necessity of continuous
molecular surveillance.

In addition to patient-related and microbiological fac-
tors, contextual characteristics of our healthcare system like-
ly contribute to the high burden of CRKP and the poor out-
comes observed. IPC programs are formally implemented in
our hospital, but adherence to hand hygiene, contact precau-
tions, and device-related bundles is often inconsistent in dai-
ly practice. These challenges are compounded by a chronic
shortage of adequately trained nursing staff, with a consider-
able proportion of nurses newly qualified or retrained and
with limited experience in caring for critically ill patients.
Such constraints may reduce compliance with complex IPC
procedures and delay early recognition of clinical deteriora-
tion, thereby further increasing the risk of adverse outcomes
in this vulnerable population. Future studies should explicitly
evaluate the impact of these environmental and organization-
al factors on CRKP transmission and mortality.

This study has several limitations. First, it was conduct-
ed in a single tertiary-care center, which may limit the gener-
alizability of the findings. Second, the retrospective design is
prone to selection and information bias, and some relevant
clinical variables were not consistently available. Third, the
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relatively small sample size reduced statistical power, result-
ing in wide or imprecise Cls for several predictors. In some
cases, the Cls were close to 1.00, including both statistically
non-significant and statistically significant associations, indi-
cating limited precision and the possibility that certain ef-
fects may be underestimated or overestimated. These find-
ings should therefore be interpreted with caution and validat-
ed in larger cohorts. The limited number of events also af-
fected age modeling, where different categorizations pro-
duced similar trends but varied in stability due to sparse
events within strata. Additionally, although molecular char-
acterization of carbapenemase genes was performed, whole-
genome sequencing was not available and would have ena-
bled a more detailed examination of resistance mechanisms
and transmission dynamics. Finally, treatment-related data
and infection prevention factors were not analyzed in depth,
limiting conclusions regarding therapeutic effectiveness and
environmental contributors to patient outcomes.

The strengths of our study include the integration of
clinical outcomes with both phenotypic and genotypic char-
acterization of CRKP isolates, the setting in a large tertiary-
care center that reflects real-world practice, and the contem-
poraneous data capturing the ongoing regional shift toward
NDM and OXA-48 producers. Moreover, our study repre-
sents a foundational effort to understand K. pneumoniae re-
sistance in our hospital.

Conclusion

In this retrospective cohort of patients with healthcare-
associated infections caused by carbapenem-resistant
Klebsiella pneumoniae, 30-day mortality was high. Car-
bapenemase genes were not independently associated with
short-term survival, whereas age > 70 years, bloodstream in-
fection, and intensive care unit stay emerged as the main
predictors of mortality. These findings suggest that host fac-
tors and clinical severity, rather than specific carbapenemase
genes, are the key determinants of outcome in this high-risk
population. Our findings contribute valuable epidemiological
insights from a Balkan tertiary-care setting, highlighting the
regional predominance of New Delhi metallo-p-lactamase
and oxacillinase-48 producers. Genes that encode Klebsiella
pneumoniae carbapenemase and Verona integron-encoded
metallo-B-lactamase carbapenemases were less prevalent and
detected only in isolates from 2023, while the bla
imipenemase gene was not detected in our study. Taken to-
gether, these observations reinforce the importance of coor-
dinated local, regional, and international efforts to mitigate
the impact of carbapenem-resistant Klebsiella pneumoniae
and reduce its associated mortality.
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Abstract

Background/Aim. Chronic refractory wounds are hard-to-
heal lesions that are susceptible to bacterial and other path-
ogenic infections, leading to additional tissue damage and a
significant reduction in patients’ quality of life. The aim of
this study was to examine the efficacy of nano platelet-rich
plasma (PRP) — nano-PRP compared with conventional
PRP in the clinical treatment of wounds. Methods. The
study included a total of 96 patients with chronic refractory
wounds, including wounds caused by trauma and pressure
ulcers, admitted between June 2021 and June 2023. Accord-
ing to the treatment applied, the patients were divided into
two groups: the observation group (OG) (n = 47) with
nano-PRP treatment and the control group (CG) (n = 49)
with conventional PRP treatment. Group differences were
analyzed using independent-samples #tests for continuous
variables and Chi-square tests for categorical variables. Re-
sults. The overall treatment efficacy in the OG was signif-
icantly higher than that in the CG (p < 0.05). After treat-
ment, the visual analog scale score decreased in both
groups compared with baseline, with the OG showing sig-
nificantly lower scores than the CG (p < 0.05). The wound
healing rate was also significantly higher in the OG
(p < 0.05). Moreover, nano-PRP-treated patients exhibited
improved outcomes for scar hyperplasia and a shorter
wound healing time relative to the conventional PRP-
treated group (p < 0.05). Conclusion. Compared with
conventional PRP, nano-PRP demonstrates superior wound
healing efficacy in patients with chronic refractory wounds,
is associated with greater pain relief, and results in improved
acsthetic outcomes. These findings suggest that nano-PRP
may represent a more effective therapeutic option than
conventional PRP for the clinical management of difficult-
to-heal wounds.

Keywords:
platelet-rich plasma; quality of life; treatment outcome;
wound healing; wounds and injuries.

Apstrakt

Uvod/Cilj. Hroni¢ne refraktorne rane su tesko zarastajuce
lezije koje su podlozne infekcijama uzrokovanim
bakterijama i drugim patogenima, $to dovodi do dodatnog
ostecenja tkiva 1 znacajnog smanjenja kvaliteta Zivota
bolesnika. Cilj rada bio je da se ispita efikasnost nano
plazme obogacene trombocitima (platelet-rich plasma — PRP)
— nano-PRP u poredenju sa konvencionalnom PRP u
klinickom lecenju rana. Metode. U studiju je bilo uklju¢eno
ukupno 96 bolesnika sa hroni¢nim refraktornim ranama,
ukljucujuéi rane izazvane traumom i dekubitalne ulkuse,
primljenih u periodu od juna 2021. do juna 2023. godine. U
skladu sa primenjenim tretmanom, bolesnici su bili
podeljeni u dve grupe: opservacionu grupu (OG) (n = 47)
tretiranu nano-PRP i kontrolnu grupu (KG) (n = 49)
tretiranu  konvencionalnom PRP. Razlike izmedu grupa
analizirane su koriSenjem #testa za nezavisne uzorke za
kontinuirane varijable i Hi-kvadrat testa za kategorijske
varijable. Rezultati. Ukupna efikasnost lecenja u OG bila je
znacajno veéa nego u KG (p < 0,05). Nakon tretmana,
vrednost skora na vizuelnoj analognoj skali se smanjila u
obe grupe u poredenju sa pocetnim vrednostima, pri ¢emu
je OG pokazala znac¢ajno nize rezultate od KG (p < 0,05).
Brzina zarastanja rana je takode bila znacajno veéa u OG
(p < 0,05). Takode, bolesnici tretirani nano-PRP pokazali su
bolje ishode hiperplazije oziljaka i krae vreme zarastanja
rane u odnosu na grupu tretiranu konvencionalnom PRP
(p < 0,05). Zakljuak. U poredenju sa konvencionalnom
PRP, nano-PRP pokazuje bolju efikasnost u zarastanju rana
kod bolesnika sa hroni¢nim refraktornim ranama, povezan
je sa ve¢im ublazavanjem bola 1 dovodi do boljih estetskih
ishoda. Ovi nalazi ukazuju na to da nano-PRP moze
predstavljati efikasniju terapijsku opciju od konvencionalne
PRP za klinicko lecenje tesko zarastajuéih rana.

Kljucne reci:
plazma bogata trombocitima; kvalitet Zivota; leCenje,
ishod; rana, zarastanje; rane i povrede.
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Introduction

Chronic refractory wounds (CRWSs) are persistent, hard-
to-heal lesions that fail to progress through the expected se-
quential phases of healing 1. Owing to their prolonged dura-
tion and impaired healing capacity, these wounds are highly
susceptible to bacterial and other pathogenic infections,
which can further exacerbate tissue damage and significantly
compromise patients’ quality of life. In severe cases, persis-
tent local infection may progress to systemic involvement,
posing serious health risks * 2. As the wound area enlarges,
adjacent tissues may undergo structural damage or functional
impairment, leading to limitations in daily activities, reduced
mobility, and diminished self-care abilities 3. Additionally,
prolonged treatment courses often impose psychological
burdens on patients, contributing to anxiety, depression, and
reduced self-esteem *,

Platelet-rich plasma (PRP) has been widely applied in
recent years to promote the healing of CRWs. However,
conventional PRP therapy has several limitations, including
difficulty in fully filling irregular wound defects and the ina-
bility to inject PRP gel into deeper or uneven tissue struc-
tures. Nano-clay, particularly synthetic laponite, is a na-
noscale silicate material that has been extensively investigat-
ed for biomedical applications due to its favorable biocom-
patibility, low cytotoxicity, and ability to support cell adhe-
sion and proliferation *®. Previous studies have demonstrated
that laponite-based hydrogels exhibit good biocompatibility
and have been safely used as carriers for bioactive molecules
and growth factors in tissue regeneration. In addition, nano-
clay offers adjustable wettability and permeability, making it
a promising carrier material "8,

The aim of this study was to examine the clinical thera-
peutic effects of nano-PRP in the management of CRWs, to
provide a more effective treatment strategy, and to improve
patient outcomes and quality of life.

Methods

General data

A total of 96 patients with CRWSs secondary to trauma
or pressure ulcers, admitted to our hospital between June
2021 and June 2023, were enrolled in this prospective con-
trolled study. All enrolled patients were followed for 90 days
after treatment. The study was approved by the Ethics Com-
mittee of the Affiliated Xiaoshan Hospital, Hangzhou Nor-
mal University, Zhejiang, China (No. HZNUXS-2021-089,
from June 03, 2021). All participants were fully informed
about the study procedures and voluntarily signed written in-
formed consent forms prior to enroliment.

Inclusion and exclusion criteria

Inclusion criteria were as follows: patients diagnosed
with CRWs, defined as wounds persisting for more than 4
weeks despite appropriate standard wound care, including
regular debridement, infection control, and pressure offload-

Yongjun X, et al. Vojnosanit Pregl 2026; 83(3): 166-172.

ing when indicated °; age > 18 years; absence of known im-
mune system diseases. Exclusion criteria included: presence
of local or systemic infection; severe anemia; poor treatment
compliance or refusal to cooperate; coexisting malignant tu-
mors or other contraindications to the study intervention.

Group allocation

Patients were allocated to two groups based on the
treatment they received. Because treatment selection de-
pended on patient preference and clinical suitability, random-
ization was not applied in this study. Therefore, assignment
to the conventional PRP, i.e., the control group (CG)
(n=49), or nano-PRP, i.e., the observation group (OG)
(n=47), was non-randomized. To reduce subjective bias,
outcome assessors were blinded to the type of treatment ad-
ministered. Patients and treating physicians were not blinded
due to the nature of the interventions.

Examinations and treatments

All patients in both groups underwent routine pre-
treatment assessments, including complete blood count, elec-
trocardiogram, and chest X-ray or chest computed tomogra-
phy. Baseline wound images (frontal and lateral views) were
collected before intervention.

The patients in the CG were treated with conventional
PRP. A total of 10-40 mL of venous blood was collected in-
to vacuum blood collection tubes, with the amount based on
the patient’s clinical condition. The collected blood was cen-
trifuged at 1,500 revolutions per minute (rpm) for 10 min to
remove erythrocytes, followed by a second centrifugation at
2,200 rpm for 15 min to obtain PRP. The PRP was trans-
ferred into a 4 x 4 cm square groove at the bottom of a dis-
posable dressing change box (Yangzhou Songtian Medical
Instrument Co., Ltd., China). One box was used per tube of
collected blood. Thrombin (Kunming Baima Pharmaceutical
Co., Ltd., China) dissolved in 3 mL of normal saline was
added to PRP at a 1 : 1 ratio to produce PRP gel. After thor-
ough debridement of the wound bed, the PRP gel was ap-
plied to cover and fill the wound fully. Vaseline gauzes and
medical semipermeable membranes were used for coverage,
followed by appropriate pressure bandaging. The wound was
left undisturbed for 5-7 days and then managed with routine
dressing changes. If adequate healing was not achieved, PRP
treatment was repeated once.

The patients in the OG were treated with nano-PRP, de-
fined in this study as a deferoxamine mesylate (DFO)-
containing platelet-laponite gel. Venous blood collection and
PRP preparation were performed as in the CG. For nano-clay
preparation, montmorillonite nano-clay (Laponite XLG,
BYK Additives, Germany; particle size ~30 nm) was used.
Nano-clay powder was dispersed in distilled water to prepare
a 2% wiv suspension and stirred for 30 min to obtain a ho-
mogeneous dispersion. PRP was mixed with the nano-clay
suspension at a ratio of 4 : 1 v/v using a mechanical stirrer
(800 rpm, 2 min), followed by ultrasonic homogenization for
30 s to ensure uniform mixing. A calcium chloride solution
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at a final concentration of 20 mM was added dropwise to in-
duce rapid gelation and form a bioactive nano-PRP hydrogel
within approximately 2-3 min. Following repeat debride-
ment, the nano-PRP hydrogel was injected into the wound
using a double syringe through a three-way tube. The re-
maining portion was applied to cover and fill the wound sur-
face. As in the CG, wounds were dressed with vaseline gauze
and sealed with medical semipermeable membranes, fol-
lowed by appropriate compression. The wound remained un-
disturbed for 5-7 days, after which routine dressing changes
were performed. Nano-PRP treatment could be repeated once
if the wound did not reach the expected healing stage.

Collection of clinical data

The following clinical data of patients were collected:
baseline characteristics (age, sex, wound size, smoking histo-
ry, alcohol consumption, presence of diabetes, wound type
and condition body mass index) and, clinical and pathologi-
cal parameters [overall treatment efficacy, Visual Analog
Scale (VAS) score, wound aesthetics, incidence of complica-
tions, wound healing rate, degree of scar hyperplasia, and
wound healing time]. All outcome data were collected during
the 90-day follow-up period.

Evaluation of outcomes

Clinical efficacy was categorized as follows: basically
healed (the wound was nearly completely closed with no
infection or other complications); markedly effective (the
wound showed substantial improvement but was not fully
healed, and additional treatment or extended healing time
might be required); effective (the wound exhibited partial
improvement, but residual symptoms or defects remained,
requiring further time or supplementary measures for
complete healing); ineffective (minimal or no improvement
was observed after treatment). The total effective rate was
calculated as (total cases — ineffective cases)/total cases x
100%.

Pain intensity was assessed using the VAS score before
treatment and 90 days after treatment, with lower scores
indicating less pain.

Wound aesthetics were jointly evaluated by clinicians
and patients using a 10-point scale: > 9 indicated very high
satisfaction, 8-9 indicated satisfaction, and < 8 indicated
dissatisfaction. The satisfaction rate was calculated as (total
cases — dissatisfied cases)/total cases x 100%.

The complication rate was determined by calculating
the incidence of postoperative complications, including
wound infection, numbness, sepsis, and other adverse events.

The wound healing rate was calculated based on wound
area measurements obtained on days 10, 30, and 90 after
treatment.

Scar hyperplasia was assessed using the Vancouver
Scar Scale, a validated clinician-rated tool that evaluates
four key scar characteristics:  vascularity (0-3),
pigmentation (0-2), pliability (0-5), and height (0-3). Total
scores range from O to 13, with higher scores indicating
more severe scar hyperplasia and poorer scar quality °.

Wound healing time was defined as the duration from
initial debridement to complete wound closure within the 90-
day follow-up period.

Statistical analysis

Statistical analyses were performed using SPSS version
26.0. Measurement data were subjected to the normality test.
The normally distributed measurement data were described
using mean + standard deviations, and compared between
groups using an independent-samples t-test. Categorical var-
iables were presented as numbers (percentages) and ana-
lyzed using the »? test or Fisher’s exact test when appropri-
ate. A p-value < 0.05 was considered statistically significant.

Results

Baseline clinical data

The baseline demographic and clinical characteristics of
the two groups were collected, including age, sex, body mass
index, wound etiology, wound duration, wound size, and
comorbidities. Both groups had similar baseline variables
(p > 0.05), indicating good group comparability and homo-
geneity prior to treatment (Table 1).

Table 1
Baseline clinical data
- Group 2

Characteristics observation (n = 47) control (n = 49) & P
Age, year 58.42 £12.15 59.87 £11.69 0.623 0.535
Sex

male 28 (59.57) 30 (61.22)

female 19 (40.43) 19 (38.78) 0.028 0.867
BMI, kg/m? 23.74 £3.18 24.06 £ 3.25 0.497 0.620
Wound etiology

trauma 31 (65.96) 32 (65.31)

pressure ulcer 16 (34.04) 17 (34.69) 0.006 0.936
Wound duration, months 3.82 £1.47 3.91+152 0.301 0.764
Wound size, cm? 18.46 +6.72 19.03+7.15 0.423 0.673
Diabetes mellitus 12 (25.53) 13 (26.53) 0.011 0.916
Hypertension 15 (31.91) 14 (28.57) 0.138 0.711

BMI - body mass index; n — number.

All values are given as numbers (percentages) or mean + standard deviations.

Yongjun X, et al. Vojnosanit Pregl 2026; 83(3): 166-172.



Vol. 83, No. 3

VOJNOSANITETSKI PREGLED

Page 169

Clinical efficacy

At 90 days after treatment, the total effective rate of the
OG was significantly higher than that in the CG (p < 0.05),
indicating superior therapeutic outcomes with nano-PRP
(Table 2).

Visual analog scale scores

Before treatment, there was no significant difference in
the VAS scores between the two groups (p > 0.05). At 90
days after treatment, pain levels in both groups decreased
compared with baseline, with the OG showing a significantly
lower VAS score than the CG (p < 0.001) (Table 3).

Wound aesthetics

Following treatment, the OG demonstrated signifi-
cantly better wound aesthetic outcomes compared with the
CG (p <0.05) (Table 4).

Complication rates

At 90 days after treatment, the OG exhibited a signifi-
cantly lower incidence of complications compared with the
CG (p = 0.05) (Table 5).

Wound healing rates

After treatment, the wound healing rate in the OG was
significantly higher than that in the CG (p < 0.001) (Table 6).

Scar hyperplasia status

Following treatment, the OG showed significantly better
outcomes for scar hyperplasia than the CG (p < 0.001) (Table 7).

Wound healing time

After treatment, the OG demonstrated a significantly
shorter wound healing time than the CG (20.96 + 5.37 vs.

Table 2
Clinical efficacy
Group Basically healed Markedly effective Effective Ineffective Total effective rate
Observation (n = 47) 29 (61.70) 10 (21.28) 5 (10.64) 3(6.38) 93.62%
Control (n = 49) 15 (30.61) 14 (28.57) 13 (26.53) 7 (14.29) 85.71%
Ve 10.240
p 0.017
n — number.
All values are given as humbers (percentages).
Table 3
Visual analog scale scores
Grou Treatment
P before 90 days after
Observation (n = 47) 5.87+1.78 1.56 £0.94
Control (n = 49) 5.96 +2.03 2.78 £1.03
t 0.818 6.054
p 0.231 <0.001
n — number.
All values are given as mean * standard deviations.
Table 4
Wound aesthetics
Group Very satisfied Satisfied Dissatisfied Satisfaction rate Va p
Observation (n = 47) 26 (55.32) 19 (40.43) 2 (4.26) 45 (95.74) 6.76 0.034
Control (n = 49) 16 (32.65) 25 (51.02) 8 (16.33) 41 (83.67)
n — number.
All values are given as numbers (percentages).
Table 5
Complication rates
Group Wound infection  Numbness Sepsis Complication rate *p
Observation (n = 47) 0(0) 2 (4.26) 0(0) 2 (4.26) <0.05
Control (n = 49) 4 (8.16) 5 (10.2) 0(0) 9 (18.37)

n — number.
All values are given as numbers (percentages).
Note: *Fisher’s exact test.
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Table 6
Wound healing rates
Grou After treatment
P 10 days 30 days 90 days
Observation (n = 47) 58.26 +7.13 85.94 +5.46 95.58 + 3.27
Control (n = 49) 51.45 +6.89 76.55+£7.16 87.84 £5.49
t 4.759 7.203 8.348
p <0.001 <0.001 <0.001
n —number.
All values are given as mean * standard deviations.
Table 7
Scar hyperplasia status
Grou After treatment
P 10 days 30 days 90 days
Observation (n = 47) 8.78 +1.96 3.69+1.34 213+1.27
Control (n = 49) 10.21 £2.13 5.39+1.86 3.24+1.12
t 3.419 5.119 4.547
p <0.001 <0.001 <0.001

n — number.

All values are given as mean * standard deviations.

29.89 + 8.73 days, respectively), with a statistically signifi-
cant difference (t = 6.006, p < 0.05).

Discussion

Common causes of wounds include trauma such as cuts,
abrasions, and burns resulting from external forces. Some of
the external forces include: surgery procedures, where inci-
sions in the skin and underlying tissues create operative
wounds; ulcers, which develop from tissue necrosis due to
prolonged pressure, friction, or ischemia, as seen in pressure
sores and leg ulcers; diabetic foot, where neuropathy and im-
paired circulation associated with diabetes predispose to foot
ulceration; chronic inflammatory conditions, including ec-
zema and other persistent inflammatory skin disorders 13,

CRWs often have more complex underlying mecha-
nisms. These may include microcirculation disturbances,
where inadequate local blood flow compromises oxygen and
nutrient delivery, thereby impairing healing; chronic infec-
tion by bacteria, fungi, or other pathogens, leading to persis-
tent inflammation that delays tissue repair; immunocompro-
mise, which increases susceptibility to infection and slows
regeneration; hyperglycemia, as seen in diabetes, which dis-
rupts normal wound healing process; malnutrition, where in-
sufficient intake of proteins, vitamins, and minerals hinders
effective tissue repair -6,

Extracted from patients’ own blood, PRP is widely
used in the management of CRWSs. Because it carries no risk
of immunologic rejection or transmissible disease and al-
lows for individualized therapy, PRP has gained considera-
ble attention in clinical practice. Rich in platelets, growth
factors, and other bioactive molecules, PRP provides an
abundant source of mediators that promote angiogenesis,
enhance collagen synthesis, and stimulate cellular prolifera-
tion, thereby accelerating wound repair and regeneration.
However, PRP also has limitations and may not be suitable

for all CRWSs - 18 Irregular wound cavities are often diffi-
cult to fill with PRP fully, and the gel form cannot be inject-
ed into deeper or structurally complex defects. Moreover,
PRP releases growth factors rapidly, producing a strong but
short-lived stimulatory effect on surrounding tissues * 2.
Although beneficial for promoting early healing, this rapid
release may also lead to undesirable effects, such as exces-
sive fibroblast proliferation and increased risk of hyper-
trophic scarring 2.

To address these shortcomings, this study employed, a
bioactive hydrogel dressing composed of PRP and nano-clay,
referred to as nano-PRP. Laponite nanosheets have been
widely studied in regenerative medicine due to their ability
to bind growth factors, form shear-thinning injectable hydro-
gels, and prolong growth-factor release " 2. Previous studies
have shown that laponite-based hydrogels create a pro-
regenerative microenvironment, promote M2 macrophage
polarization, enhance angiogenesis, and support sustained
tissue repair 2> %, Furthermore, recent biomaterials research
has demonstrated that nano-composite PRP hydrogels exhibit
superior protein retention, improved mechanical stability,
and enhanced biological activity compared with conventional
PRP formulations 2* 2%, Despite these promising findings, on-
ly a limited number of clinical studies on nano-PRP have
been published. Therefore, our results contribute additional
clinical evidence to this emerging field.

The findings of this study demonstrated that the total ef-
fective rate in the OG was significantly higher than that in
the CG. This improvement may be attributable to the hydro-
gel’s capacity for controlled and sustained growth-factor re-
lease, enhanced wound-bed coverage, and superior bioavail-
ability of incorporated agents such as DFO, which further
promotes angiogenesis 2* 26, After treatment, the VAS score
in the OG was markedly reduced compared with baseline
and significantly lower than that in the CG. In addition, pa-
tients in the OG exhibited better wound aesthetic outcomes, a
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lower incidence of complications, a higher wound healing
rate, more favorable scar hyperplasia status, and a shorter
healing time. These results collectively indicate that nano-
PRP not only alleviates pain but also inhibits excessive scar-
ring and substantially enhances the overall healing process of
chronic wounds. These findings align with a prior study re-
porting that nano-engineered hydrogels modulate inflamma-
tion and reduce fibroblast over-proliferation, thereby sup-
porting more organized tissue repair 2.

Despite these promising findings, the use of nano-PRP
is not without challenges. Although laponite-based hydrogels
are generally regarded as biocompatible, potential risks in-
clude local immune reactions, variable degradation behavior,
or altered inflammatory responses, particularly in infected or
heavily exudative wounds %, Additionally, PRP composition
varies across individuals, potentially affecting treatment con-
sistency. The preparation of nano-PRP requires specific ma-
terials and controlled gelation conditions 2%, which may limit
its practicality in settings without adequate laboratory sup-
port. Further studies are required to standardize nano-PRP
preparation, evaluate long-term safety, and determine opti-
mal clinical indications.

Study limitations
The absence of a non-PRP CG limits our ability to as-

sess the absolute treatment effect relative to standard care.
The relatively small sample size and the single-center design

may reduce statistical power and limit the generalizability of
the findings. Subgroup analyses by wound type (e.g., trau-
matic wounds vs. pressure sores) could not be performed due
to the small number of cases in each category, making it un-
clear whether the benefits of nano-PRP are consistent across
different etiologies. The 90-day follow-up period may not
fully capture long-term healing outcomes or scar progres-
sion. Despite these limitations, the study provides meaning-
ful preliminary evidence supporting the comparative ad-
vantages of nano-PRP.

Conclusion

This non-randomized comparative study suggests that
nano platelet-rich plasma is associated with improved clini-
cal outcomes compared with conventional platelet-rich plas-
ma in the treatment of chronic refractory wounds, including
accelerated wound healing, greater pain reduction, and im-
proved aesthetic outcomes. These findings should be inter-
preted in light of the non-randomized study design and indi-
cate that nano platelet-rich plasma may represent a promising
regenerative approach. Further large-scale, randomized con-
trolled studies are warranted to confirm these preliminary
observations.
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Abstract

Background/Aim. Chronic  subdural hematoma
(CSDH) is an extra-axial, encapsulated, slow-growing
hemorrhagic collection of blood, accompanied by local
coagulopathy. This contributes to continuous re-bleeding
from the newly formed capsule of hematoma, which
leads to slow but progressive enlargement of the
hematoma, with the potential to develop into a
compressive intracranial lesion. The aim of this study
was to investigate the relationship between the
proliferation of sinusoid blood vessels and the growth
and diameter of the CSDH. Methods. In this study, 33
cases of CSDH treated operatively were analyzed. A
biopsy specimen (average size 3 X 3 mm) was obtained
from the parietal capsule of the hematoma. The biopsied
tissue samples were fixed in aqueous 4% buffered
formaldehyde, routinely processed into paraffin-
embedded slides, and immunohistochemically stained for
the presence of the CD34 antigen. The profiles of
microvascular bed blood vessels marked for CD34 were

Apstrakt

Uvod/Cilj. Hroni¢ni subduralni hematom (chronic subdural
bematoma — CSDH) je ekstraaksijalna, inkapsulirana, sporo
rastuca kolekcija krvi, pra¢ena lokalnom koagulopatijom. To
doprinosi  kontinuiranom  ponovnom  krvarenju iz
novoformirane kapsule hematoma, $to dovodi do sporog,
ali progresivnog uveéanja hematoma sa potencijalom da se
razvije u komptesivnu intrakranijalnu leziju. Cilj rada bio je
da se ispita odnos izmedu proliferacije sinusoidnih krvnih
sudova 1 rasta i precnika CSDH. Metode. U ovoj studiji,
analizirana su 33 sluc¢aja CSDH koja su operativno lecena.
Uzet je uzorak biopsije iz patijetalne kapsule hematoma
(prosecne velicine 3 X 3 mm). Uzorci tkiva dobijeni
biopsijom  fiksirani su u 4% vodenom rastvoru
formaldehida, rutinski su pripremljeni parafinski preseci na

quantified, and the number of capillaries and sinusoids
was expressed per one mm?. Results. The variables age
and number of blood vessels showed a statistically
significant association with the increase in hematoma
volume (B = 0.422, p = 0.007; B = 0.486, p = 0.022,
respectively). Older patients had a higher risk of enlarged
hematoma volume, as did patients with a larger number
of sinusoidal blood vessels. Conclusion. The number of
sinusoids in the parietal capsule of CSDH per surface unit
of 1 mm? positively correlates with hematoma thickness,
which emphasizes the importance of vascular theory in
the development of a hematoma. Although CSDH is one
of the most common neurosurgical diseases, its
pathogenesis is still not fully understood. Further
research in this field is necessary to develop potential
new therapeutic options that would provide more
comprehensive treatment modalities.

Keywords:
biopsy; blood vessels; capillaries; hematoma, subdural,
chronic; immunohistochemistry.

plocicama i obojeni imunohistohemijskim metodama u cilju
detekcije prisutva CD34 antigena. Profili krvnih sudova
mikrovaskularne mreze koji su ispoljavali CD34 su
kvantifikovani, a broj CD34 pozitivnih kapilara i sinusoida
iztazen je po jednom mm? Rezultati. Varijable starost i
broj krvnih sudova pokazale su statisticki znacajnu
povezanost sa  povefanjem  zapremine hematoma
(8 =0,422; p = 0,007; B = 0,4806; p = 0,022, redom). Stariji
bolesnici imali su veéi rizik od uvelanja zapremine
hematoma, kao i bolesnici sa vedim brojem sinusoidnih
krvnih sudova. Zaklju€ak. Broj sinusoida u patijetalnoj
kapsuli CSDH po jedinici povtsine od 1 mm? pozitivno
korelira sa debljinom hematoma, $to naglasava znacaj
vaskularne teotrije u razvoju hematoma. lako je CSDH
jedno od najces¢ih neurohirurskih oboljenja, njegova
patogeneza jo$ uvek nije potpuno razjasnjena. Dalja
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istrazivanja u ovoj oblasti neophodna su kako bi se razvile
potencijalno nove terapijske opcije koje bi pruzile
sveobuhvatnije modalitete lecenja.

Kljucne reci:
biopsija; krvni sudovi; kapilari; hematom, subduralni,
hroni¢ni; imunohistohemija.

Introduction

Chronic subdural hematoma (CSDH) is defined as a
chronically progressive accumulation of blood in the space
between the dura mater and arachnoid, usually caused by
minor, often unnoticed head injury, with the highest
incidence in the elderly. The CSDH is accompanied by
hypocoagulability, which results in slow but progressive
enlargement of the hematoma, with the potential to develop
into a compressive intracranial lesion =, In everyday clinical
practice, CSDH is often considered one of the largest
“imitators” due to the wide range of non-specific
symptoms 3 4. Symptoms of CSDH in most cases include the
following: a headache, cognitive alterations, dizziness,
nausea, vomiting, lethargy, weakness, apathy, as well as
epileptic seizures 24,

Meningeal (bridging) veins, measuring 1-3 mm in
diameter, drain venous blood from the leptomeningeal
region, traversing the subdural space in a relative length of
1-2 cm. Their wall thickness varies considerably in the
subdural segment (10-600 um) compared with their
subarachnoid portion (50-200 um). Variable wall thickness,
together with a substantial presence of fibrous connective
tissue in their walls, makes these veins susceptible to
trauma 124,

At the dura mater—arachnoid interface (subdural space),
there are also other constitutional weak spots potentially
targeted by a traumatic event. Dura mater is composed of
two indistinctly divided layers. The thick outer layer
(periosteal) contains venous sinuses of the skull, larger blood
and lymphatic vessels, and nerve fibers. The inner
(meningeal) layer of the dura mater is thinner and composed
of dense fibrous connective tissue with microvasculature.
Facing the subdural space, the dura mater is lined by
squamous-shaped fibroblasts-the border cell layer, which
lacks the extracellular collagen, thus representing its
structural locus resistentiae minoris, with potential for
regional vulnerability 1.

In the course of subdural hematoma chronification, the
formation of neomembrane (capsule) around its blood
collection is a crucial event *® The capsule of developing
CSDH has an outer (parietal) layer that contains numerous
capillaries and sinusoids, with a vascular lumen wider than 40
um in diameter. On the inner side of the hematoma, the visceral
pseudomembrane is formed, which separates the clot from the
arachnoid membrane "8, Based on ultrastructural observations,
the visceral membrane is almost avascular, whereas the parietal
layer of the capsule exhibits marked and likely more clinically
significant pathological vascularization 2,

The aim of this study was to investigate the relationship
between the proliferation of sinusoid blood vessels (SBV)
and the growth and diameter of the CSDH.

Methods

The study included 33 patients surgically treated due
to CSDH at the Clinic of Neurosurgery, University Clinical
Center Ni§, Ni§, Serbia. The study was approved by the
Ethics Committee of the University Clinical Center Ni$
(No. 9328, from January 19, 2024).

The examined population comprised 25 (75.8%) men
and 8 (24.2%) women, and the results were analyzed in re-
lation to three age groups. The first group included patients
under 65 years of age, the second group patients between 65
and 80, and the third group patients over 85 years of age. An
analysis of sinusoid vasculature per mm?2, hematoma
osmolality, cerebrospinal fluid osmolality, and hematoma
volume was performed. In terms of the number of SBV
(NSBV)/mm?, all patients were classified into three
categories. The first category included patients with fewer
than 30 sinusoids/mm? the second group comprised those
with 30-80 sinusoids/mm?, and the third group included
patients with a vascular density greater than 80
sinusoids/mm?. The largest number of patients, 20 (61%),
had a value of this indicator between 30 and 80 mm?, 12
(36%) patients had over 80 blood vessels/mm?, while only
one patient had a vascular density below 30/mm?. Depending
on the size of the hematoma, the patients were divided into
three groups: the first with a volume of less than 50 mL, the
second with a volume of 50 to 70 mL, and the third with a
hematoma volume greater than 70 mL. In the majority of
patients, 15 (46%), the size of the hematoma was between 50
and 70 mL, in 12 (36%) patients the volume was lower than
50 mL, while in 6 (18%) patients, it was greater than 70 mL.

All patients were operated on under general anesthesia.
The decompression procedure consisted of a conventional
burr hole craniotomy. One burr hole was placed at the tuber
parietale of the parietal bone, after which a cross-shaped
opening was made on the dura mater. The hematoma was
irrigated. Drainage was placed subdurally, and the soft
tissues were sewn en bloc. From each case of CSDH, a
biopsy of the parietal hematoma capsule layer was taken,
with average dimensions of 3 x 3 mm. Postoperatively,
drainage was active for 1-3 days (typically 2). The biopsied
tissue samples of the parietal layer were fixed in aqueous 4%
buffered formaldehyde and routinely processed to
paraffinized tissue slices, which were stained with
hematoxylin and eosin, as well as immunohistochemically
marked for the presence of CD34 antigen.

Immunohistochemistry

The adhered tissue sections were exposed to trypsin
antigen retrieval for 60 min, and tissue peroxidases were
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blocked with 3% hydrogen peroxide solution for 10 min. The
monoclonal antibody to CD34 (anti-CD34, Dako, M716501,
dilution 1 : 50) was applied to the rehydrated tissue sections
overnight, at a temperature of 4 °C, and then to the secondary
antibody conjugated with horseradish peroxidase (EnVision-
Flex, Dako). Between the mentioned steps, the preparations
were washed with phosphate buffer (pH = 7.2). After
exposure to a chromogen (diaminobenzidine), the tissue
samples were counterstained with Mayer’s hematoxylin,
dehydrated, cleared, and mounted using Canada balsam and
coverslips.

The microscopic slides were analyzed using a light
microscope BX50 (Olympus, Japan), equipped with a digital
camera Leica DFC295 (Leica Systems, Germany). Digital
images of the whole hematoma capsule samples,
immunohistochemically marked for CD34, were captured at
%200 magnification. Morphometric analysis of digital images
of the CSDH capsule was performed using ImageJ version
1.53 (Wayne Rasband, National Institutes of Health, USA).
The profiles of microvascular bed blood vessels marked on
CD34 were quantified, and the number of macro-capillaries
and sinusoids was expressed per one mm? From the
standpoint of the NSBV/mm?, all patients were classified
into three categories. The first consists of patients whose
value is less than 30. The second consists of patients whose
value is between 30 and 80. The third consists of patients
whose value of this indicator is higher than 80.

Statistical analysis

Data entry and tabulation were performed using
Microsoft Excel 2016. The results of the statistical analysis
were presented in tables. Statistical calculations were
performed using SPSS software v23.0 (IBM Inc, USA). Of
the basic descriptive statistical parameters, standard
statistical methods were used for qualitative and
quantitative assessment of the obtained results: absolute
and relative numbers (%). Normality testing was performed
using the Kolmogorov-Smirnov test. To test differences

Fig. 1 — Numerous sinusoids in the hematoma capsule.

between variants that exhibited a normal distribution, the
Student’s test and analysis of variance were used when
analyzing three or more groups. In cases where the
distribution was not normal, the Mann-Whitney U test was
used, as well as the Kruskal-Wallis test for three or more
groups. The x2 test was used to test the statistical
significance of the differences in absolute frequencies
between samples. The interdependence between continuous
variations was assessed using the Pearson correlation
coefficient, and statistically significant correlations were
subsequently presented. In order to determine predictive
factors, univariate regression analysis was used, followed
by multivariate multiple regression for variables that
showed statistical significance. The statistical hypothesis
was tested at the significance level for the risk of a = 0.05,
i.e., the difference between samples was considered
significant if p < 0.05.

Results

The parietal membrane of the analyzed CSDH capsule
consisted of immature dense connective tissue, with
numerous fibroblast-like cells, as well as variable presence
and density of mononuclear inflammatory cell infiltrates. In
capsular connective tissue, structural components of the
microvasculature, narrower capillaries and capsule
sinusoids, were confirmed by the presence of CD34,
immunohistochemically visualized with diaminobenzidine
chromogen (Figure 1). The examined population consisted
of 33 patients, composed of 25 (75.8%) men and 8 (24.2%)
women. The average age was 71.30 + 11.93 years, and the
results were analyzed in relation to three age groups.
Statistical analysis revealed no significant differences
(¥2=2.404, p = 0.301) between men and women.
Comparative analysis of the hematoma osmolality,
cerebrospinal fluid osmolality, NSBV, and hematoma
volume in relation to male and female genders is shown in
Table 1. None of the examined parameters showed
statistically significant differences based on gender.

Immunohistochemical staining for CD34 (x100 magnification).
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Table 1
Hematoma osmolality, cerebrospinal fluid osmolality,
number of sinusoid blood vessels, and hematoma volume in relation to gender
Gender -
Parameters male female Kt p-value
Hematoma osmolality

< 300 mmoL 16 (64.0) 5 (62.5)

300-400 mmoL 9 (36.0) 3(37.5) 0.006 0.939
Cerebrospinal fluid osmolality 280.88 + 3.03 282.13+1.81 1.094" 0.283
Number of sinusoid blood vessels

< 30/mm? 1(4.0) 0 (0)

30-80/mm? 16 (64.0) 4 (50.0)

> 80/mm? 8(32.0) 4 (50.0) 1.056 0.590
Hematoma volume, mL

<50 7(28.0) 5 (62.5)

50-70 13 (52.0) 2(25.0)

>70 5 (20.0) 1(12.5) 3.143 0.208

All values are given as numbers (percentages) or mean + standard deviation.
Note: *Student’s t-test was used.

Table 2
Hematoma osmolality, cerebrospinal fluid osmolality,
number of sinusoid blood vessels, and hematoma volume in relation to patient age
Age, years 2

Parameters <65 6580 =85 xF p-value
Hematoma osmolality

300-400 mmoL 4 (66.7) 13 (61.9) 4 (66.7)

> 400 mmoL 2(33.3) 8(38.1) 2(33.3) 0.075 0.963
Cerebrospinal fluid osmolality 283.17 +2.86 280.90 +2.98 283.17+0.75  2.129 0.137
Number of sinusoid blood vessels

< 30/mm? 0(0) 0(0) 1(16.7)

30-80/mm? 3(50.0) 14 (66.7) 3(50.0)

> 80/mm? 3(50.0) 7(33.3) 2(33.3) 5.225 0.265
Hematoma volume, mL

<50 4 (66.7) 6 (28.6) 2(33.3)

50-70 1(16.7) 12 (57.1) 2(33.3)

>70 1(16.7) 3(14.3) 2(33.3) 4.740 0.315

F — Fisher’s analysis of variance based on the F test.
All values are given as numbers (percentages) or mean + standard deviation.
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Fig. 2 — Correlation of the number of
sinusoid blood vessels and hematoma volume.
Comparative  results of hematoma  osmolality, Furthermore, a statistically significant correlation was

cerebrospinal fluid osmolality, NSBV, and hematoma volume  proven between the NSBV and the hematoma volume
according to the age distribution of the subjects, without a  (r=-0.441, p = 0.010) (Figure 2). As the number of
statistically significant association, are shown in Table 2. sinusoids increases, so does the volume of the hematoma.
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Table 3

Univariate multiple regression analysis of gender, age, biochemical parameters, hematoma osmolality,
cerebrospinal fluid osmolality, and number of sinusoid blood vessels in relation to hematoma volume

Unstandardized coefficient

Standardized

95% confidence interval

Parameters . bounds for R p-value
coefficient 8
B SE lower upper
Gender -4.425 5.914 -0.133 -16.487 7.637 0.460
Age -0.387 0.206 0.319 -0.034 0.807 0.070
Sodium -0.036 0.512 -0.013 -1.079 1.008 0.945
Potassium -0.069 0.094 -0.131 -0.260 0.122 0.469
Urea -0.216 0.141 -0.265 -0.504 0.072 0.136
Glucose 0.200 0.112 0.305 -0.029 0.429 0.084
Hematoma osmolality 0.014 0.085 0.029 -0.159 0.186 0.871
Cerebrospinal fluid osmolality -1.710 0.871 -0.332 -3.487 0.067 0.059
Number of sinusoid blood vessels 0.248 0.091 0.441 0.063 0.434 0.010"
SE - standard error.
Note: *Indicates statistical significance at p < 0.05.
Table 4
Multivariate multiple regression analysis of age, glucose, cerebrospinal fluid osmolality,
and number of blood vessels in relation to hematoma volume
Unstandardized coefficient Standardized 95% confidence interval
Parameters - bounds for p-value
coefficient
B SE lower upper
Age 0.512 0.177 0.422 0.148 0.875 0.007"
Cerebrospinal fluid osmolality 0.130 0.095 0.198 -0.065 0.324 0.182
Number of sinusoid blood vessels -1.265 0.753 -0.246 -2.809 0.278 0.104
Glucose 0.274 0.081 0.486 0.108 0.440 0.002"

SE - standard error.
Note: *Indicates statistical significance at p < 0.05.

Gender, age, biochemical parameters (sodium,
potassium, urea, and glucose), hematoma osmolality,
cerebrospinal fluid osmolality, and the NSBV were analyzed
using univariate multiple regression analysis as independent
predictive factors in relation to hematoma volume. The only
statistically significant independent factor for hematoma
volume was the NSBV (B = 0.441, p = 0.010) (Table 3).
Within the multivariate multiple regression model used to
predict hematoma volume, NSBV and age were statistically
significant as individual independent factors to the criterion
of significance for p < 0.01 (Table 4). The entire model was
statistically significant (F = 6.758, p = 0.001). The model as
a whole explains 49.1% of the variance of hematoma volume
(corrected r? = 0.419). The variables age (B = 0.422,
p=0.007) and NSBV (B = 0.486, p = 0.022) showed a
statistically significant contribution to the model. Elderly
patients were at greater risk of increased hematoma volume,
as were the patients with a greater NSBV.

Discussion

In 1857, Virchow was the first to provide a precise
histological description of the pathological entity of CSDH.
The term pachymeningitis hemorrhagica interna, introduced
by Virchow as “hemorrhagic inflammation of dura mater
producing blood collection on its inner side”, remains valid
even today, in light of recent research highlighting the role of
inflammatory cells in its structure 2. The key features of

Jelenkovi¢ B, et al. Vojnosanit Pregl 2026; 83(3): 173—180.

CSDH, such as re-bleeding, progressive increase in size, rich
vascularization, and inflammation of the parietal membrane,
have been known since Virchow. In 1932, Gardner proposed
that the osmotic gradient present between the hematoma and
the adjacent capsular vessels may also be a driver of
hematoma enlargement °. The CSDH growth based on
continuous bleeding, caused by local hypocoagulation and
hyperfibrinolysis, was previously precisely analyzed 8 1°. The
contents of most CSDHs are liquid. Increased levels of fibrin
and fibrinogen degradation products in the hematoma
contents, as well as the presence of tissue activator in the
outer membrane of the hematoma, have been shown
histologically . Ito and others have found high
concentrations of tissue plasminogen activator in the vessel
walls of the outer membrane (parietal layer), whereas it was
significantly lower or absent in the inner membrane (visceral
layer). This would account for the increased hypocoagulation
and transudation into the hematoma. Soluble tissue
plasminogen activator then diffuses into the hematoma,
where it converts plasminogen into the active fibrinolytic
enzyme plasmin, which further degrades fibrin and
fibrinogen. Hyperfibrinolysis caused by increased tissue
plasminogen activator may be expected to interfere with the
hemostatic mechanism and induce the enlargement of
subdural hematoma 2-%°,

The NSBV to 1 mm? is a determinant statistically
significant in positive correlation with hematoma thickness.
In this way, the starting assumption that the NSBV to 1 mm?



Page 178

VOJNOSANITETSKI PREGLED

Vol. 83, No. 3

has a statistically significant influence on the hematoma
thickness is confirmed. This indicates the importance of SBV
quantity elevation in the context of hematoma growth.
Microscopic findings of fresh erythrocytes marked with
chromium-51 were proven in subdural hematoma, and their
movement was observed from sinusoids through increased
inter-endothelial gaps towards the hematoma * 6. This
observation, to some extent, supports the sinusoid-vascular
theory of CSDH formation, given that sinusoids are very
fragile and porous, due to their atypical morphology. They
are so fragile that they are prone to continuous transudation
and recurrent bleeding as a result of constant pulsations of
the brain parenchyma " 8 The correlation diagram, which
shows the relationship between NSBV and CSDH volume,
indicates a coefficient of determination (R-squared) of
0.1943, which can be considered statistically and clinically
relevant. Bearing in mind that the analysis is based on 33
processed cases, and based on clinical experience and insight
into epidemiological patterns, it can be assumed that the
value of this coefficient would increase if a larger number of
respondents were included.

Weigel et al. ° tested the hypothesis that the CSDH
may be considered a member of the angiogenic disease
family and that enhanced expression of growth factors may
also be involved in the higher vascularization of the parietal
membrane and the maintenance of CSDH. They have found
41 times higher concentrations of vascular endothelial
growth factor in the hematoma fluid than in the serum levels.
Comparably high concentrations have been described by
Suzuki et al. . However, Weigel et al. ° did not find a
significant correlation between growth factor concentrations
and patient age or computed tomography, which indicated
hematoma thickness.

Moskala et al. % reported dynamic changes in the
cellular and vascular organization of traumatic CSDH
capsules that parallel hematoma duration and are expressed
in gradual morphological changes in the developing
hematoma capsule. This process initially includes angiogenic
and aseptic inflammatory reactions, followed by progressive
proliferation of fibroblasts and collagen fibril production. As
a result of neo-angiogenesis, numerous capillaries are
observed mainly in young hematomas, removed between 15
and 21 days after trauma. More numerous capillaries and
thin-walled, larger-diameter blood vessels-sinusoids were
evidenced in the “older” hematomas (about 40 days after
trauma). In the “oldest” hematoma capsules (60 or more days
after trauma), they reported that blood vessels were
frequently occluded by clots. In our study, univariate
multiple regression analysis included gender, age, hematoma
osmolality, and hematoma volume in relation to the number
of sinusoids. According to the results, hematoma volume was
the only statistically significant independent predictor of
NSBV. This finding suggests that even a moderate increase
in hematoma volume may contribute to continuous
sinusoidal damage and perfusion, with consequent release of
inflammatory compounds and mediators that initiate and
maintain a nonspecific inflammatory response, which further
promotes angiogenesis.

As previously pointed out, the increased fragility of
these vascular structures reflects their morphological
peculiarities. To a significant extent, they resemble
sinusoidal-type blood vessels described in brain gliomas,
which additionally confirms their tendency to rupture and
their role in the pathophysiology of CSDH progression - 22,

By analyzing our findings based on the quantification
of microvascular structures (sinusoids), we observed that
repeated bleeding from fragile sinusoids represents a key
mechanism of the progressive increase in CSDH size. The
highest density of sinusoids was recorded in the 65-80-year
age group, within the range of 30-80 sinusoids/mm2. This
finding coincides with data showing that the highest
percentage of patients with hematoma volumes
corresponding to a maximum thickness of 50-70 mm (46%)
was observed in this age group.

As previously emphasized, the available literature
describes in detail the factors that contribute to the fragility
of sinusoids, including their histological characteristics and
vasoactive molecules released as a result of vascular damage,
which indirectly stimulate angiogenesis ' 1% 2%, According to
recent research, angiogenesis in the capsule of CSDH
involves multiple complex, interconnected mechanisms. Kim
et al. 2 showed that pathological, sinusoidal, and extremely
fragile capillaries were formed in the outer membrane of the
CSDH, the formation of which is closely related to the
branching and terminal branches of the arteria meningea
media (middle meningeal artery — MMA). Histological
analysis of these newly formed vessels indicates that the
MMA is the primary source of blood to the neovascularized
membrane and that continuous blood flow and recurrent
microbleeding occur through this arterial system. This is in
accordance with the modern understanding that recurrence of
CSDH is often based on a pathological vascular pattern
whose primary hemodynamic “trigger” is MMA, which also
provides a clear physiological basis for the increasingly
widespread use of MMA embolization in the treatment of
recurrent hematomas. Given the previously mentioned
characteristics of CSDH, as well as the fact that existing
surgical treatments are not always effective, leading to
recurrences in up to 20% of cases, MMA embolization has
emerged as a promising treatment modality with excellent
results, although some recommend its use within a research
context &7,

Osuka et al. ' additionally demonstrated that the N-
terminal fragment of osteopontin is found in the hematoma
fluid, which via integrins 09 and Bl activates signaling
pathways related to focal adhesion kinase phosphorylation,
cytoskeleton reorganization, and proliferation of endothelial
cells in the outer membrane. These processes lead to the
progressive development of immature, structurally unstable
blood vessels, which contribute to further neovascularization
and potential re-bleeding. Watanabe et al. * documented
intense microvascular proliferation within clots in acute
subdural hematomas, which provides insight into the early
phase of acute to chronic hematoma transformation, a
process that involves the formation of new,
underdifferentiated vessels with a very similar phenotype to
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those in the CSDH outer membrane. Together, these findings
clearly demonstrate that CSDH progression represents an
active, dynamic biological response based on inflammation,
stimulated angiogenesis, and the hemodynamic effects of
MMA, with fragile and immature blood vessels playing a
key role in recurrent bleeding and further hematoma
enlargement.

To the best of our knowledge, there are no such studies
in the available literature that have systematically assessed
the density of sinusoids per mmz2 in relation to the volume of
CSDH. Therefore, we believe that quantitative monitoring of
this parameter is of particular importance for confirming and
better understanding the angiogenetic mechanisms in the
pathophysiology of CSDH. The low number of patients in
our study is related to the strict selection criteria, designed
only to obtain valid results by achieving between-group
homogeneity. While it does limit the external generalization,
this is a trade-off to provide more accurate analysis and more
reliable comparisons within our specific cohort. Further

research in this field is required so that the potential new
therapeutic options targeting the cause of the disease may be
developed.

Conclusion

The quantity of capillaries and sinusoids in the parietal
capsule of chronic subdural hematoma per surface unit is a
determinant in positive correlation with hematoma thickness,
which emphasizes the importance of vascular theory in the
development of a hematoma. Even though chronic subdural
hematoma is one of the most common neurosurgical diseases,
its pathogenesis is still not fully understood. Further research
in this field is required so that the potential new therapeutic
options targeting the cause of the disease may be developed.
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Abstract

Background/Aim. Interest in the effects of electromag-
netic fields on the human organism has grown significantly
with the advent of digital mobile communication systems,
which employ pulsed high-frequency electromagnetic fields.
In standby mode, a mobile phone does not emit significant
signal power, while during active communication, the inten-
sity of the electromagnetic field may reach values of up to
250 mW. The aim of this study was to examine whether ex-
posure to high-frequency electromagnetic fields affects the
frequency of electroencephalography (EEG) waves. Meth-
ods. The study included 60 participants (30 males and 30
females). Each participant underwent two consecutive EEG
recordings, each lasting approximately 20 min. The first
EEG recording was performed at rest, without exposure to
an electromagnetic field generator. This was followed by a
second EEG recording while using a mobile phone for 10
minutes on one ear, then a break of about 2 minutes was
made and the recording was repeated on the opposite ear,
also for 10 minutes. A standard mobile phone was used as
the source of the high-frequency electromagnetic field. Re-
sults. The analysis of EEG wave frequencies revealed no
statistically significant differences in either sex before and
after mobile phone exposure in the alpha, beta, or delta fre-
quency bands. A change in the theta frequency band in fe-
male participants following mobile phone exposure was lo-
calized to the right hemisphere. Conclusion. Methodologi-
cal limitations are the most likely reason for the absence of
recorded changes in the majority of participants. The ob-
served effects may be sufficiently subtle or infrequent to
evade detection by standard EEG recordings. Therefore,
the lack of observed changes cannot be interpreted as evi-
dence that high-frequency electromagnetic fields have no ef-
fect on EEG activity.

Keywords:
cell phone; electroencephalography; electromagnetic
fields; health; risk assessment.

Apstrakt

Uvod/Cilj. Interesovanje za uticaje elektromagnetnih polja
na ljudski organizam znacajno je poraslo sa pojavom
digitalnih mobilnih komunikacionih sistema, koji koriste
pulsirajuéa visokofrekventna elektromagnetna polja. U
stanju mirovanja mobilni telefon ne emituje znacajnu snagu
signala, dok tokom aktivne komunikacije intenzitet
elektromagnetnog polja moze dosti¢i vrednosti do 250 mW.
Cilj rada bio je da se ispita da li izlaganje visokofrekventnim
elektromagnetnim poljima utice na frekvenciju talasa na
elektroencefalografiji (EEG). Metode. Istrazivanje je
obuhvatilo ukupno 60 ispitanika (30 osoba muskog pola i 30
osoba zenskog pola). Svakom ispitaniku su uradena dva
uzastopna EEG snimanja u trajanju od oko 20 min. Prvo
EEG snimanje obavljeno je u stanju mirovanja bez
upotrebe generatora elektromagnetnog polja. Nakon toga je
usledilo drugo EEG snimanje tokom koris¢enja mobilnog
telefona u trajanju od 10 min na jednom uvu, potom je
nacinjena pauza od oko 2 min i snimanje je ponovljeno na
suprotnom uvu, takode u trajanju od 10 min. Kao izvor
visokofrekventnog elektromagnetnog polja koriscen je
standardni mobilni telefon. Rezultati. Analiza frekvencija
talasa na EEG nije pokazala statisticki znacajne razlike kod
oba pola pre i posle izlaganja mobilnom telefonu u alfa, beta
i delta frekventnim opsezima. Promena u teta frekventnom
opsegu kod Zenskih ispitanica nakon izlaganja mobilnom
telefonu bila je lokalizovana u desnoj hemisferi. Zakljucak.
Metodoloska ograni¢enja su najverovatniji razlog za
odsustvo zabelezenih promena kod veéine ispitanika.
Uoceni efekti mogu biti toliko suptilni ili sporadi¢ni da
standardna EEG snimanja ne uspevaju da ih detektuju. Iz
tog razloga, izostanak uocenih promena ne moze se tumaciti
kao dokaz da visokofrekventna elektromagnetna polja ne
uticu na EEG aktivnost.

Kljucne redi:
mobilni telefon; elektroencefalografija;
elektromagnentna polja; zdravlje; rizik, procena.
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Introduction

Interest in studying the effects of electromagnetic fields
(EMFs) on the human organism has increased significantly
with the introduction of digital mobile radiotelephone sys-
tems. These communication systems use high-frequency
pulsed EMFs in the lower microwave range. Since the power
density of Global System for Mobile Communications sig-
nals is generally insufficient to induce thermal effects, re-
search attention has been directed toward possible non-
thermal mechanisms of action. Over several decades of in-
vestigations into the interaction of low-intensity microwave
radiation with biological systems, only a limited number of
effects have been identified as reproducible and physiologi-
cally relevant, in addition to those whose mechanisms of ac-
tion are most likely of thermal origin 3,

Mobile phones use wireless communication technolo-
gies in which signal transmission typically occurs within the
900-1,800 MHz frequency range, with the signal modulated
at a pulse frequency of 217 Hz. Under standby conditions,
when the user is neither making nor receiving a call, the
emitted power is negligible. However, during active commu-
nication, the output power of the pulsed EMF may reach a
maximum value of 250 mW. There is concern that such
pulsed EMFs may penetrate neuronal structures and directly
affect cell membrane function, a notion supported by the re-
sults of numerous studies indicating alterations in certain
physiological processes * 5.

In studies focused on assessing the effects of mobile
phone use in humans, electroencephalography (EEG) is
most commonly employed because of its high sensitivity to
immediate changes in neuronal function. Although previ-
ous EEG studies have not provided consistent evidence for
specific effects, the observed inconsistencies are likely due
to methodological limitations. Therefore, there is a clear
need for the development of appropriate experimental
models that would allow a reliable demonstration of the po-
tential impact of exposure to active mobile phones on neu-
ronal cell function &,

The insufficiently clarified reasons for the contradictory
findings in studies examining the influence of mobile phones
on electroencephalographic activity may be attributed to
methodological variations in the application of EEG tech-
niques, as well as to differences in the duration of exposure
to mobile phones 7. Detection of subtle changes in brain elec-
trical activity induced by high-frequency electromagnetic
waves requires the use of non-conventional analytical ap-
proaches that go beyond the scope of classical visual EEG
analysis. In this context, the introduction of digital EEG has
enabled the effective application of quantitative EEG meth-
ods, primarily the analysis of amplitude and frequency, as
well as the mapping of the obtained results®.

The aim of this study was to determine whether expo-
sure to high-frequency electromagnetic radiation emitted by
a mobile phone affects the bioelectrical activity of the brain
as recorded by EEG, or rather to assess whether exposure
leads to increased variability in EEG wave frequencies.

Methods

The study included 60 participants (30 males and 30
females), aged between 20 and 30 years. The monitored pa-
rameters were changes in EEG frequency before and after
exposure to an active mobile phone, analyzed separately for
each side of exposure.

All participants were free of any neurological or psy-
chiatric disorders and had not used any medications or psy-
choactive substances for at least one month prior to the be-
ginning of EEG recordings. Alcohol and caffeine intake were
prohibited for a period of four days prior to EEG recording
and up to the time of examination. Each participant served as
their own control. The EEG recordings obtained prior to ex-
posure to electromagnetic radiation were compared with
those obtained after exposure.

Upon arrival at the laboratory, demographic data were
collected, after which participants were connected to the
EEG system and positioned in the recording booth. All ex-
perimental procedures were conducted in a sound-attenuated
electrophysiological laboratory. In all cases, testing was per-
formed in the morning, between 9:00 a.m. and 12:00 p.m.

The EEG recordings were performed with participants
in the supine position, in a relaxed yet alert wakeful state,
with eyes closed. Monopolar EEG derivations were ob-
tained using silver/silver chloride (Ag/AgCl) surface elec-
trodes positioned according to the international 10-20 sys-
tem on a 32-channel EEG device, and the signals were ana-
lyzed using a bipolar longitudinal montage. Electrode im-
pedance was maintained below 5 kQ, and the scalp was
thoroughly cleansed with alcohol prior to electrode place-
ment. Artifacts related to eye or body movements were au-
tomatically excluded by rejecting epochs in which the am-
plitude of any channel exceeded predefined voltage thresh-
olds. A 50 Hz notch filter was applied to reduce power line
interference.

Each participant underwent two consecutive EEG re-
cordings, each lasting approximately 20 min, separated by a
break of about 5 min. The first EEG recording was obtained
at rest, without exposure to an EMF generator. After a pause
of approximately 3 min, the EEG recording was repeated
during mobile phone use for 10 min with the phone placed at
one ear, followed by a break of approximately 2 min, after
which the recording was repeated with the phone placed at
the opposite ear, also for a duration of 10 min.

High-frequency EMF exposure was generated using a
standard mobile phone operating as a receiver and source of
electromagnetic radiation (approximately 900 MHz EMF,
217 Hz pulse repetition rate, 0.577 ps pulse width; estimated
average power output 3—-4 mW; actual emissions during the
experiment were not directly measured). The phone was po-
sitioned approximately 2 ¢cm radially from the participant’s
head, midway between the occipital midline (Oz) and parie-
tal midline (Pz) electrodes.

The study was approved by the Ethics Committee of the
Faculty of Medicine, University of Pristina/Kosovska Mi-
trovica, Serbia (No. 489/1, from September 20, 2011).
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Statistical analysis

For statistical analysis, the MedCalc software was used.
Descriptive statistical measures included the arithmetic mean
with a 95% confidence interval, standard deviation (SD), and
minimum and maximum values. Statistical procedures for
group comparisons comprised exploratory descriptive meth-
ods (Student’s t-test) and confirmatory methods (analysis of
variance and t-test).

Results

Mean values and variability of EEG frequencies in male
participants at the right ear before and after mobile phone
exposure are presented in Table 1. The mean + SD of alpha-
wave frequency before exposure was 11.1 + 1.2 Hz and 11.4
+ 1.5 Hz after exposure, with no statistically significant dif-
ference (t = 1.524; p = 0.138). The mean * SD of beta-wave
frequency before exposure was 20.8 £ 4.4 Hz and 22.3 + 6.1
Hz after exposure; there was also no statistically significant
difference (t = 1.445; p = 0.159). The mean + SD of theta-

Table 1

wave frequency before exposure was 5.7 £ 1.0 Hz and 5.6 +
1.1 Hz after exposure, with no statistically significant differ-
ence (t = 0.223; p = 0.825). The mean £ SD of delta-wave
frequency before exposure was 2.6 + 0.8 Hz and 2.5 + 0.8 Hz
after exposure; there was no statistically significant differ-
ence (t =0.397; p = 0.695).

Mean values and variability of EEG frequencies in male
participants at the left ear before and after exposure are pre-
sented in Table 2. The mean + SD of alpha-wave frequency
before exposure was 10.7 + 1.2 Hz and 10.8 + 1.3 Hz after
exposure, without a statistically significant difference (t =
0.260; p = 0.797). The mean £ SD of beta-wave frequency
before exposure was 19.3 + 3.8 Hz and 19.9 + 3.5 Hz after
exposure, with no statistically significant difference (t =
0.161; p = 0.873). The mean £ SD of theta-wave frequency
before exposure was 5.7 + 1.2 Hz and 5.9 + 1.2 Hz after ex-
posure, again without statistical significance (t = 0.644; p =
0.524). The mean + SD of delta-wave frequency before ex-
posure was 2.7 £ 0.7 Hz and remained 2.7 + 0.7 Hz after ex-
posure, with no statistically significant difference (t = 0.339;
p =0.737).

Mean values and variability of frequency in male participants
at the right ear before and after exposure to a mobile phone

Waves Mean = SD Median Min—Max p
Alpha
before 11.1+1.2 11.0 (8.7-13.8) 0.138
after 114+15 111 (8.7-14.0) '
Beta
before 20.8+4.4 20.2 (15.6-31.3) 0.159
after 22.3+6.1 20.8 (14.6-33.6) '
Theta
before 57+1.0 5.7 (4.1-7.6) 0.825
after 56+1.1 55 (4.1-7.8)
Delta
before 26+038 2.2 (1.0-3.9) 0.695
after 26+0.8 2.6 (1.1-3.9)

SD - standard deviation; Min — minimum; Max — maximum.

Table 2

Mean values and variability of frequency in male participants
at the left ear before and after exposure to a mobile phone

Waves Mean = SD Median Min—Max p
Alpha
before 107+1.2 104 (8.8-13.1) 0.797
after 10.8+1.3 10.6 (8.8-13.8) '
Beta
before 19.3+3.8 19.8 (15.5-30.1) 0.873
after 19.9+35 19.0 (15.7-29.9) '
Theta
before 57+1.2 5.8 (4.1-7.9) 0.524
after 59+1.2 5.8 (4.1-7.9) '
Delta
before 2.7%0.7 2.3 (1.1-3.9) 0737
after 2707 2.7 (1.8-3.9) '

SD - standard deviation; Min — minimum; Max — maximum.
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Frequency variability in female participants when the
right ear was exposed is shown in Table 3. The mean + SD
of alpha-wave frequency before exposure was 10.9 + 1.3 Hz
and 11.3 + 1.5 Hz after exposure, with no statistically signif-
icant difference (t = 1.240; p = 0.225). The mean + SD of be-
ta-wave frequency before exposure was 20.8 = 4.4 Hz and
20.6 + 4.8 Hz after exposure; again, there was no statistical
significance (t = 0.245; p = 0.808). The mean + SD of theta-
wave frequency before exposure was 6.0 + 1.0 Hz and in-
creased to 6.3 + 0.9 Hz after exposure, representing a statis-
tically significant difference (t = 2.347; p = 0.026). The mean
+ SD of delta-wave frequency before exposure was 3.1 + 0.6
Hz and remained 3.1 £ 0.7 Hz after exposure, with no statis-
tically significant difference (t = 0.087; p = 0.931).

Frequency variability in female participants at the left
ear before and after exposure is presented in Table 4. The
mean = SD of alpha-wave frequency before exposure was
11.3+ 1.2 Hz and 11.4 £ 1.6 Hz after exposure, with no sta-
tistically significant difference (t = 0.230; p = 0.820). The

Table 3

mean + SD of beta-wave frequency before exposure was
19.9 + 3.8 Hz and remained 19.9 + 3.5 Hz after exposure,
without statistical significance (t = 0.188; p = 0.852). The
mean + SD of theta-wave frequency before exposure was 6.4
+ 1.1 Hz and decreased to 5.7 + 1.2 Hz after exposure, indi-
cating a statistically significant difference (t = 2.637; p =
0.013). The mean + SD of delta-wave frequency before ex-
posure was 2.6 £ 0.7 Hz and remained 2.6 £ 0.7 Hz after ex-
posure, with no statistically significant difference (t = 0.152;
p = 0.880).

Discussion

In this study, the observed changes primarily involved
alterations in the spectrum of baseline electroencephalo-
graphic activity, predominantly within the alpha and theta
rhythms. An increase in alpha spectral power was noted, ac-
companied by changes in slower activity, which were mainly
manifested within the theta spectrum.

Mean values and variability of frequency in female participants
at the right ear before and after exposure to a mobile phone

Waves Mean = SD Median Min-Max p
Alpha
before 109+1.3 11.0 (8.8-13.1) 0.225
after 11.3+15 11.2 (8.7-13.6) '
Beta
before 208+4.4 195 (14.9-31.9) 0.808
after 20.6 £4.8 19.8 (14.9-31.8) '
Theta
before 6.0+1.0 6.0 (4.0-7.8) 0.026
after 6.3+0.9 6.3 (5.0-7.8) '
Delta
before 3.1+0.6 3.1 (2.0-3.9) 0.931
after 3.1+07 3.2 (1.1-3.9) '

SD - standard deviation; Min — minimum; Max — maximum.
The bold value is statistically significant (p < 0.05).

Table 4

Mean values and variability of frequency in female participants
at the left ear before and after exposure to a mobile phone

Waves Mean = SD Median Min—Max p
Alpha
before 113+1.2 114 (8.9-13.5) 0.820
after 11.4+1.6 11.0 (8.9-13.9) '
Beta
before 199+38 19.8 (15.5-30.1) 0.852
after 19.9+35 19.0 (15.7-29.9) '
Theta
before 6.4+1.1 6.7 (4.1-7.9) 0.013
after 57+12 5.7 (4.1-7.8) :
Delta
before 26%0.7 2.4 (1.1-3.9) 0880
after 26+0.7 2.8 (1.1-3.9) '

SD - standard deviation; Min — minimum; Max — maximum.
The bold value is statistically significant (p < 0.05).
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The in vivo study conducted in humans indicates that
electroencephalographic activity in the awake state, follow-
ing exposure to radiofrequency fields emitted by mobile
phones, demonstrates a delayed increase in spectral power
density, particularly in the alpha frequency band °. In the
cited study, the potential effects of EMFs on human brain
activity were evaluated through changes in EEG signals.
Healthy volunteers were exposed to EMFs emitted by a
mobile phone, and the exposure resulted in a statistically
significant increase in EEG power in the alpha and beta
frequency bands. In our study, exposure to the mobile
phone was limited to 10 min, and EEG changes were moni-
tored during exposure, whereas in the aforementioned
study, it was observed that mobile phone activity led to an
increase in EEG power in certain frequency bands with a
temporal delay of approximately 15 min after cessation of
exposure.

Similar findings were reported by Takashima et al. %°,
who described a reduction in high-frequency EEG bands
accompanied by a simultaneous increase in low-frequency
components. In contrast, some studies failed to identify
consistent changes in EEG spectral power following expo-
sure to continuous microwave fields 2.

Croft et al. " 2 reported that exposure to an active mo-
bile phone induces changes in resting-state electroencepha-
lographic activity, manifested as a reduction in activity
within the 1-4 Hz frequency range and an increase in activ-
ity within the 8-12 Hz range. Although these authors ob-
served EEG changes in the awake state, they did not detect
an increase in delta activity, which was the only finding
registered in our frequency analysis. This discrepancy may
be explained by methodological differences between stud-
ies. Croft et al. " 12 discussed the possible origins of incon-
sistencies in results regarding the effects of mobile phones
on the human brain. They concluded that prolonged sitting
on a chair may have induced drowsiness in participants,
thereby altering baseline activity. This suggests that differ-
ences in results among studies may arise from methodolog-
ical variations, such as the duration of exposure to an active
mobile phone, and that the effects of EMF exposure from
mobile phones on EEG activity are time-dependent. These
authors also concluded that active mobile phones affect
neuronal function in humans in relation to the duration of
exposure.

In the study by Preece et al. **, a limited number of
studies examining the effects of magnetic radiation on cog-
nitive and perceptual processing in humans were analyzed.
In this context, time-independent changes in the delta band
may be interpreted as a relatively direct response to mobile
phone exposure, whereas a time-dependent increase in al-
pha activity may reflect a more indirect effect of exposure.
Specifically, studies with shorter exposure durations do not
often detect changes associated with mobile phone effects.

In our study, in addition to changes in the frequency
spectrum, similarly to the studies by Kramarenko and
Tan '* and Zhang et al. %%, an increase in the amplitude of
alpha activity and a decrease in the amplitude of beta activ-
ity were observed. The frequency spectrum shifted toward

Bisevac B, et al. Vojnosanit Pregl 2026; 83(3): 181-186.

increased alpha power and slow-wave activity; however,
these changes did not reach statistical significance.

A study analyzing results published between 1995 and
2023 investigating EMF effects on EEG has most consistent-
ly reported changes in the alpha band, while findings in other
frequency ranges remain heterogeneous °. When effects
were observed, they primarily involved increases in alpha
and beta activity. Short-term exposure has also been associ-
ated with alterations in alpha power, generally without evi-
dence of adverse health consequences. Overall inconsisten-
cies highlight the need for methodological standardization
and a clearer definition of EEG outcome parameters -2,

In the present study, we focused specifically on EEG
wave frequency, a comparatively underexplored parameter.
Unlike spectral power, frequency may more sensitively re-
flect subtle changes in neuronal synchronization and oscil-
latory network dynamics induced by high-frequency, pulse-
modulated EMFs "2, Such effects could manifest as minor
frequency shifts without substantial alterations in signal
power, potentially indicating discrete modifications in cor-
tical excitability.

There is a lack of clear evidence regarding EEG
changes during or following mobile phone exposure in con-
junction with functional magnetic resonance imaging find-
ings in the same participants, and these associations are
typically interpreted indirectly rather than through formal
real-time EEG-functional magnetic resonance imaging cor-
relation analyses 2.

Study limitations

In the present study, the specific absorption rate was not
directly measured, and no individual dosimetric assessment
of exposure was conducted during the experimental protocol.
The experimental configuration was designed to replicate
typical patterns of everyday mobile phone use. In this con-
text, the dynamic variability of the device’s output power
constitutes a methodological limitation, as it may influence
the precise estimation of individual energy absorption during
the experiment. Therefore, the study should be interpreted as
an approximation of real-life mobile phone use rather than a
strictly controlled dosimetric exposure model.

Conclusion

Analysis of electroencephalography frequency activity
in male and female participants before and after exposure
to the electromagnetic field emitted by a mobile phone did
not reveal statistically significant differences in the varia-
bility of alpha, beta, or delta wave frequencies. The only
parameter demonstrating statistical significance was a
change in theta frequency following mobile phone expo-
sure in female participants, observed in the dominant hemi-
sphere. Although a statistically significant change in theta-
band frequency was observed in female participants, local-
ized to the right hemisphere, this finding was not accompa-
nied by consistent effects in other frequency bands, nor was
it detected in both sexes or bilaterally. Therefore, this iso-
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lated theta-band result most likely represents a potential
chance finding. Given that the specific absorption rate was
not measured in the present study, and that the experi-
mental configuration was designed to reproduce typical
patterns of everyday mobile phone use, the investigation
should be interpreted as an approximation of real-life expo-
sure rather than a strictly controlled dosimetric model.
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Trifid and tetrafid renal sinus: a rare anatomical variation present in

a pediatric patient

Trodelni i ¢etvorodelni bubrezni sinus: retka anatomska varijacija prisutna kod

pedijatrijskog pacijenta

Edis Colak

University of Health Sciences, Dr. Behcet Uz Child Disease and Pediatric Surgery
Training and Research Hospital, Department of Radiology, Izmir, Turkiye

Abstract

Introduction. The anatomical variations of the renal si-
nus appear as hyperechoic areas on ultrasonography,
which may be misinterpreted as true hyperechoic masses
like renal angiomyolipomas. Case report. A 10-year-old
girl was referred to a tertiary children’s hospital due to
suspected bilateral renal angiomyolipomas. Upon admis-
sion, laboratory test results were within normal reference
ranges. Ultrasonographic examination revealed that both
kidneys had a normal position and size. On the sagittal ul-
trasound scan of the right kidney, three columnar masses
extending across the sinus were observed, creating the
appearance of three hyperechoic zones, indicating a trifid
renal sinus. On the sagittal ultrasound scan of the left
kidney, multiple columnar masses extending across the si-
nus were observed, creating the appearance of four hy-
perechoic zones, identified as a tetrafid renal sinus. The
findings were interpreted as a rare benign anatomical var-
iation with no signs of pathology, and additional radiolog-
ical imaging was not required. Conclusion. Accurate
identification of these variations is crucial to prevent pa-
tients from undergoing unnecessary biopsies and addi-
tional imaging.

Keywords:
anatomic variation; diagnosis; kidney; pediatrics;
ultrasonography.

Apstrakt

Uvod. Anatomske varijacije bubtreznog sinusa se na
ultrazvuku pojavljuju kao hiperehogena podrué¢ja koja se
mogu pogresno protumaciti kao prave hiperehogene mase,
poput bubreznih angiomiolipoma. Prikaz bolesnika.
Desetogodisnja devojcica upucena je u deciju bolnicu
tercijarnog  nivoa  zbog  sumnje na  bilateralne
angiomiolipome  bubrega. Prilikom prijema, rezultati
laboratorijskih analiza bili su u granicama normalnih
vrednosti. Ultrazvucnim pregledom utvrdeno je da su oba
bubrega imala normalan polozaj i veli¢inu. Na sagitalnom
ultrazvuénom snimku desnog bubrega uocene su tri
cilindri¢ne mase koje se pruzaju kroz sinus i daju izgled tri
hiperehogene zone sto ukazuje na trodelni bubrezni sinus.
Na sagitalnom snimku levog bubrega prikazano je prisustvo
visestrukih cilindricnih masa koje se pruzaju kroz sinus i
stvaraju izgled Cetiri hiperehogene zone identifikovane kao
cetvorodelni bubrezni sinus. Nalaz je protumacen kao retka
benigna anatomska varijacija bez patoloskih promena, te
dodatna radioloska snimanja nisu bila potrebna. Zakljucak.
Precizna identifikacija ovih varijacija je vazna kako bi se
sprecilo da bolesnici budu podvrgnuti nepotrebnoj biopsiji 1
dodatnom snimanju.

Kljuéne reci:
anatomija, varijacije; dijagnoza; bubreg; pedijatrija;
ultrasonografija.

Introduction

The renal sinus is a fatty area on the inner side of the
kidney. It encompasses adipose tissue, fibrous material,
the collection system, renal blood vessels, and lymphatic
structures ' 2. The renal sinus appears as an echogenic
oval zone on ultrasound imaging 3. The most common
variations of the renal sinus include a bifid renal sinus, a

parenchymal junctional defect, a parenchymal interjunc-
tional line, and a hypertrophied column of Bertin.

A junctional parenchymal defect appears as a triangu-
lar echogenic cortical irregularity in the upper pole of the
kidney. A parenchymal interjunctional line appears as an
echogenic line crossing the kidney from the antero-superior
outline to the renal sinus. The presence of a hypertrophied
column of Bertin is attributed to the indentation
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of renal cortical tissue in the renal sinus. In a bifid renal
sinus, an intrasinus columnar mass crosses the sinus, creat-
ing the appearance of two separate hyperechoic zones .
Familiarity with these variations is important for distin-
guishing them from renal hyperechoic lesions, such as an-
giomyolipomas, lipomas, lymphomas, extramedullary
hematopoiesis, and hematomas “'. These insights are
crucial to prevent unnecessary additional imaging, biop-
sies, and follow-up procedures.

We present the first case report of a rare right trifid
and a left tetrafid renal sinus variation in a pediatric pa-
tient.

Case report

A 10-year-old girl was referred to our tertiary chil-
dren’s hospital because of the suspicion of bilateral renal
angiomyolipomas identified through ultrasound evalua-
tion at the regional hospital. Her past medical history was
otherwise unremarkable. On admission, the results of the
laboratory examination (complete blood cell count, kid-
ney function tests, urine analysis) appeared to be within
normal limits. The abdominal real-time ultrasound exami-
nation was performed using a Mindray R9 ultrasound ma-
chine (Shenzhen Mindray Bio-Medical Electronics Co.,
Ltd., Shenzhen, China) equipped with a convex 6-1 MHz
probe and color Doppler imaging. A comprehensive eval-
uation of the kidneys was performed using longitudinal,
transverse, and oblique imaging approaches. Both kidneys

were placed in their normal anatomical positions, with the
right kidney measuring 11.2 x 2.8 x 2.5 cm and the left
kidney measuring 10.5 x 3.8 x 2.7 cm.

On sagittal and oblique scans, the right kidney was
presented by three intrasinus columnar masses crossing
the sinus and giving an appearance of three hyperechoic
zones indicating a trifid renal sinus (Figure 1). The exam-
ination of the left kidney revealed multiple columnar
masses crossing the sinus, producing the appearance of
four hyperechoic structures, identified as a tetrafid renal
sinus (Figure 2). Ultrasound image analysis showed that
the columnar masses were surrounded by echogenic renal
sinus fat, which partially traversed the sinus rather than
completely dividing it. The thickness of the intrasinus co-
lumnar masses ranged from 3.7 mm to 12 mm (mean val-
ue 7.9 mm) in the right kidney and from 4.5 mm to 9.3
mm in the left kidney (mean value 6.9 mm). No evidence
of renal calculi, solid-cystic masses, or hydronephrosis
was found in the analysis.

A radiological diagnosis identified an incidental
finding of a right trifid and left tetrafid renal sinus, high-
lighting a unique radiological anatomical variation. Since
the variant was well characterized by ultrasonography and
there were no clinical or laboratory findings suggestive of
pathology, further imaging with magnetic resonance or
computed tomography urography was considered unnec-
essary. This case highlights the diagnostic value of ultra-
sound in characterizing benign renal sinus variants, avoid-
ing additional cost and radiation exposure.

Fig. 1 — Ultrasound image of the right kidney (sagittal scan) shows three columnar
masses (arrows) crossing the sinus and giving an appearance of a trifid renal sinus.
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Fig. 2 — Ultrasound image of the left kidney (sagittal scan) shows multiple columnar

masses (arrows) crossing the sinus and giving an appearance of a tetrafid renal sinus.

Discussion

The ultrasonographic assessment of our patient indicated
the presence of a right trifid renal sinus, resulting in the appear-
ance of three hyperechoic areas, and a left tetrafid renal sinus,
characterized by the formation of four hyperechoic areas.

The study conducted by Dalla Palma et al. 1 examined
the prevalence of renal sinus anomalies in a cohort of 50
children (0-9 years) and 200 adults (20-89 years). In the pe-
diatric group, a parenchymal junctional defect was identified
in 16 (32%) right kidneys and 8 (16%) left kidneys, a paren-
chymal interjunctional line in 26 (52%) right and 11 (22%)
left kidneys, and a bifid renal sinus in 17 (34%) right and 8
(16%) left kidneys. A bifid renal sinus was observed bilater-
ally in 3 (6%) children, whereas no trifid or tetrafid renal si-
nus was detected in this group. In the adult group (n = 200),
a parenchymal junctional defect was detected in 29 (14.5%)
right kidneys and 16 (8%) left kidneys, a parenchymal inter-
junctional line in 38 (19%) right and 17 (8.5%) left kidneys,
and a bifid renal sinus in 118 (59%) right and 68 (34%) left
kidneys. Bilateral bifid renal sinuses were observed in 63
(31.5%) adults. In addition, a trifid renal sinus was identified
in 16 (8%) right and 6 (3%) left kidneys, and a tetrafid renal
sinus in 14 (7%) right and 8 (4%) left kidneys among the

adult population. These findings demonstrate that the visual-
ization of intrasinusal cortical columns increases with age
and is more frequent on the right side in both populations.

Dalla Palma et al. !? reported that the thickness of the
intrasinus columnar masses varied between 4 and 12 mm
with an average of 8.6 mm on the right side, and between 4
and 18 mm with an average of 10 mm on the left side. In our
patient, the thickness of the intrasinus columnar masses var-
ied from 3.7 mm to 12 mm, with an average of 7.9 mm in the
right kidney, and from 4.5 mm to 9.3 mm, with an average of
6.9 mm in the left kidney.

Similar to our findings, Kumar et al. * reported a rare
case of a trifid renal pelvis in an adult with a solitary kidney,
emphasizing the clinical importance of recognizing such ana-
tomical variants to avoid unnecessary invasive investiga-
tions.

Conclusion

We reported the first case of a rare anatomical variation
of the renal sinus presented as a right trifid and a left tetrafid
renal sinus in a pediatric patient. Awareness of the differ-
ences in kidney anatomy is important to avoid unnecessary
additional imaging and biopsy examinations.
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correspond to the institutions of each author);

At the bottom of the page, provide the name and surname, postal address,

email address, and phone number (mobile/Viber or WhatsApp) of the

author responsible for correspondence.

ABSTRACT

The abstract and keywords should be provided on the second page of the
manuscript. The abstract should be written in short and clear sentences. For the
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categories Original Article, Preliminary Report, Short Report, Systematic
Literature Review with Meta-Analysis, Meta-Analysis, and Clinical Research, the
abstract must be structured and include the following sections: Introduction/Aim,
Methods, Results, Conclusion. Each section should be written as a separate
paragraph beginning with a bolded heading. The most important results should be
presented, including numerical values and the level of statistical significance. The
conclusion must be directly related to the study results. The abstract must not
exceed 300 words.

For the categories Case Report and Case Series, the abstract should have the
following structure: Introduction (with the aim stated in the last sentence), Case
Report, Conclusion. Each section should be written as a separate paragraph
beginning with a bolded heading. The abstract must not exceed 250 words.

For all other manuscript categories: General (Narrative) Literature Review,
Mini Review, Systematic Literature Review, Current Topic, In Focus, and History
of Medicine/Stomatology/Pharmacy, the abstract is unstructured and must not
exceed 200 words.

Care should be taken in ensuring that the Serbian and English versions of the
abstract are accurate and precise translations of each other. No sentence may
appear in one version without being translated into the other.

KEYWORDS

Below the abstract, list five to seven relevant keywords or phrases that
indicate the content of the manuscript. It is recommended to avoid repeating words
from the title of the paper. When selecting keywords, use Medical Subject
Headings (MeSH) (https://www.nlm.nih.gov/mesh/meshhome.html).

STRUCTURE OF THE MAIN TEXT

Original Atrticles, Preliminary Reports, Short Reports, Meta-Analyses,
Systematic Literature Reviews with Meta-Analysis, and Clinical Research papers
must include the following sections: Introduction (a brief overview of the research
topic, with the study aim stated in the final paragraph); Methods (a precise
description of participant selection and applied methods, including statistical
methods, and the approval number of the competent Ethics Committee); Results
(presented in a logical order, without duplicating the same results in multiple
forms); Discussion (without repeating data already presented in the Results
section; only the obtained findings should be discussed, placing them in the
context of other relevant studies; the discussion and conclusions should be linked
to the study aims, and study limitations should be highlighted if necessary);
Conclusion (derived directly from the study results); Acknowledgements (if
applicable); References.

Manuscripts in the categories General (Narrative) Literature Review, Mini-
Review, Systematic Literature Review, Current Topic, and In Focus should contain
the following sections: Introduction (with appropriate subheadings), Conclusion,
and References.

Manuscripts in the categories Case Report and Case Series should include the
following sections: Introduction (the aim of the paper should be stated in the final
paragraph of the Introduction), Case Report (the patient’s identity must remain
anonymous), Discussion, and References.

A Case Report must not have more than five authors.

QUESTIONNAIRES

All questionnaires used as measurement instruments for any of the
investigated parameters must be translated into the language spoken by the study
participants, with evidence provided of their validation and cultural adaptation to
the participants’ setting.

TABLES AND FIGURES

Tables and figures, the number of which should be appropriate to the length
of the text, should be placed at the end of the main manuscript text, after the
References. The exact position of each item should be clearly indicated in the text.
The final placement of tables and figures will be determined during manuscript
preparation for publication.

Tables

The title should be placed above the table, and explanations (the legend)
below it. Tables should be numbered with Arabic numerals in the order in which
they appear in the text. Tables must be created exclusively in the Microsoft Word
program using the menu Table-Insert-Table, with the exact number of rows and
columns defined. Use Times New Roman font, 12-point size, single spacing.
Tables must be clear and include all elements necessary for the proper
interpretation of the data presented. If the displayed values have ranges or
reference values, these must be specified.

In the legend below the table, all abbreviations used in the table and all
symbols (e.g., superscript letters or bolded values) must be explained. In addition,
the applied statistical methods must be clearly specified.

Figures (Illustrations)

Figures include all forms of graphical material (photographs, drawings,
diagrams, and graphs). Figures should be embedded in the manuscript at the end of
the text, after the References and after the Tables (if any). Figures should be
numbered with Arabic numerals in the order in which they appear in the text.
Capital letters A, B, C, etc., should be used to designate parts of multipart figures.
Letters, numbers, and symbols must be clear, consistent, and of sufficient size to
remain legible after reduction. All elements shown in figures must be saved as
images (not as editable graphic objects) so that their position cannot be altered,
ensuring the accuracy of the data presented. Only digital images with a minimum
resolution of 300 dpi and in JPEG, PNG, or PDF format are accepted. Figures that
do not meet these requirements will not be accepted for publication. The
dimensions of submitted figures should be approximately the same as the
dimensions at which they will be published. If authors are unable to provide digital
photographs, original images should be scanned at a resolution of 300 dpi and at

their original size and submitted in that form. All text in diagrams and graphs
should be written in a sans-serif font for better readability (e.g., Arial, Helvetica),
with a font size of no less than 10 pt. Measurement units and scales must be clearly
indicated. Decimal numbers in graphs must be presented with a decimal point, and
thousands should be separated by a comma (e.g., 1,234.56).

Video supplements (illustrations of the manuscript) may last 1-3 minutes and
should be submitted in AVI or MP4 (FLV) format. A separate still image
representing the video (video thumbnail) must also be provided for use in the
electronic edition and publication in the printed edition, along with a link to the
platform where the video is already hosted.

In the legend below each illustration, all abbreviations, symbols, numbers, or
letters used to explain individual parts of the figure must be defined. For graphs,
the applied statistical methods should be specified where appropriate; for
photomicrographs, details of the staining method and magnification must be
provided.

If photographs of persons (patients) are presented, the face must be blurred or
written consent must be obtained from the person depicted. In imaging materials
(X-rays, CT scans, ultrasound images, etc.), all information that could identify the
patient must be removed. If a figure has been previously published, the source
must be cited, and written permission must be obtained if the material is protected
by copyright.

ABBREVIATIONS

Abbreviations should be used only when necessary, primarily for very long
names of chemical compounds or for terms that are already widely recognized in
abbreviated form (e.g., DNA). For each abbreviation—except standard units of
measurement—the full term must be given at its first occurrence in the text
(including the abstract). The use of abbreviations should be avoided in the title and
abstract; in the title, abbreviations should be used only if absolutely necessary. For
terms mentioned more than 3 times in the text, introducing appropriate
abbreviations is recommended.

DECIMAL NUMBERS

In manuscripts written in English, decimal numbers should be written with a
decimal point (e.g., 22.7), whereas in manuscripts written in Serbian, a comma
should be used (e.g., 22,7). Whenever possible, numbers should be rounded to one
decimal place and reported consistently throughout the manuscript (e.g., if one
value is 32.2, all others should also be rounded to one decimal place, e.g., 32.0).

UNITS OF MEASUREMENT

Length, height, weight, and volume should be expressed in metric units
(meter — m, kilogram (gram) — kg (g), liter — L) or their subunits. Temperature
should be expressed in degrees Celsius (°C), and blood pressure in millimeters of
mercury (mm Hg). Results of clinical and biochemical measurements should be
reported in metric units according to the International System of Units (SI).
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STATISTICAL ANALYSIS

In the Methods section, the applied statistical methods should be described in
sufficient detail to allow verification of their correct use and reproduction of the
analysis. Results must be presented numerically and clearly, with appropriate
measures of variability and reliability (e.g., standard deviation, standard error,
confidence interval). The type of study should be specified, and the manner in
which it was conducted should be described. Inclusion and exclusion criteria must
be stated. The software and the version of the computer program used for statistical
data analysis should be reported. In the Results section, as well as in the legends of
tables and/or figures, the statistical method used to analyze the presented results
must be indicated. The p values should always be written with a leading zero (e.g.,
p > 0.05, not p >.05).

REFERENCES

References should be numbered with Arabic numerals according to the order
of their first appearance in the text (including tables and figure legends). It is
recommended that the majority of cited references be published within the last ten
years. At least 80% of the cited references should be original research articles,
while books, book chapters, and review articles should account for no more than
20% of the total number of references. All references, regardless of the language of
the original source, must be cited in English, with the original language indicated
in parentheses after the reference.

All data on the references must be accurate, and the cited works should be
easily accessible to readers. A DOI number must be provided for each reference.
Citation of articles published in journals indexed in Current Contents, Index
Medicus (MEDLINE), Excerpta Medica, Scopus, and Web of Science is
recommended.

Citation of abstracts, secondary publications, oral communications, unpublished
works, official or confidential documents, Wikipedia, preprints and in press articles,
retracted articles, and articles published in predatory journals is not permitted.

When citing websites, the homepage must not be cited; instead, the specific
webpage from which the information was obtained must be referenced. Each cited
reference must be available for online verification. If a reference is not available
online (e.g., archival material), the author must provide the source from which the
cited material was obtained, or submit a photographed or scanned copy of the
document by emailing it to: strliteratura@gmail.com.

References should be formatted according to the VVancouver style established
by the ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-
ICMJE-Style?language=en_US).
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In an edited book
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basis of therapeutics. 14th ed. NY: McGrawHill; 2023. p. 385-411.

In an edited electronic (online) book

Halpen-Felsher BL, Morrell HE. Preventing and reducing tobacco use.
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Part of a website
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crisis; 2012 Oct 22 [cited 2012 Nov 2]; [about 3 screens]. Available from:
https://ama.com.au/media/junior-doctors-and-medical-students-call-urgent-solution-
medical-training-crisis

Conference Proceedings

Kimura J, Shibasaki H, editors. Recent advances in clinical neurophysiology.
Proceedings of the 10th International Congress of EMG and Clinical
Neurophysiology; 1995 Oct 15-19; Kyoto, Japan. Amsterdam: Elsevier; 1996.

Article from Conference Proceedings

Bengtsson S, Solheim BG. Enforcement of data protection, privacy and
security in medical informatics. In: Lun KC, Degoulet P, Piemme TE, Rienhoff O,
editors. MEDINFO 92. Proceedings of the 7th World Congress on Medical
Informatics; 1992 Sep 6-10; Geneva, Switzerland. Amsterdam: North-Holland;
1992. p. 1561-5.

Dissertation
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Other published articles
News article
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Serbian Bible. Belgrade: British and Foreign Biblical Society; 1981. Book of
Isaiah 2: 19-22. (Serbian)

Dictionaries and similar references

Kosti¢c AD. Multilingual Medical Dictionary. 4th Ed. Belgrade: Nolit; 1976.
Erythrophobia; p. 173-4.
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YIOYTCTBO 3A AYTOPE

Ipe nogHoMIeHa PYKOIKCA 32 pa3MaTpase 32 00jaB/bUBaIbE Y YACOMHCY
.BojHocanuterckn mperien” (BCII) HeomxomHo je Ja ayTopH NaK/bHBO
Npo4HTajy YHOYTCTBO 32 ayTOpe, KAKO OH PYKOIMC MPUIPEMHIH Y CKIALy ca
NpoNno3uuKjaMa Yaconuca.

Pan koju He HCHyBaBa yCIOBE OBOT YIYTCTBA HE MOKE OMTH pa3MaTpaH H
6uhe BpaheH ayTopuma Jia ra JIOIlyHe U UCIIPaBe.

AyTopu paja mpeHoce CBOja ayTOPCKAa NMpPaBa HA M3/aBaya 4Yacommca
MunucraperBo onbpane Peny6iuke Cp6uje, YHHBep3uTeT 0a0paHe HAKOH
NpPUXBaTamba paja 3a o0jaBsuBame y BCIIL.

BCII ce mpuapxkaBa mnpenopyka MelyHapoaHor KOMHTeTa YpeIHHKa
menuuunckux vaconuca (International Committee of Medical Journal Editors
— ICMIE), Ilpenopyke 3a cnposolemwe, ussewmasgarwe, ypehusamwe u
nyoIUKO8arbe HAYUHUX PaAd08d y MeOUYUHCKUM yaconucuma (DOCTYHHO Ha
https://www.icmje.org/recommendations/).

BCII je moctyman y pexuMy OTBOpeHOr mnpuctyma. CBH 4NaHIM MOTY ce
GecIulaTHO NpEY3eTH Ca CajTa Yacoluca M KOPUCTUTH Yy CKIIady ca JIMICHIIOM
Creative Commons Autorstvo-Deliti pod istim uslovima (CC BY-SA)
(https://creativecommons.org/licenses/by-sa/4.0/deed.en).

CJABE PYKOITUCA

Pykonuc paja ¥ CBH IIPHIO3M y3 Pajl JOCTaBJbajy ce Ko jeJaH JOKYMEHT
(TIpHJIO3U Cy MHKOPIOPHPAHU y TEKCT M MO3MLHOHUPAHU HA KPajy PYKOIHCA M3a
ozesbKa JIutepaTypa) HCKIbYYHBO CJIEKTPOHCKH HPEKO CHCTEMa 3a NPHjaBIbUBAE
Aseestant. Pagu ouyBama kBamuteta otorpaduja, npernopydyje ce I0CTaBbambe
cIMKa M Kao mocebHux dajmosa, jep Word Moxke CMamHTH HBUXOBY PE3ONYLH]Y,
Kako Ou ce u30eria KOMIpecHja CIMKa U eBeHTyalIH! I'yOHTaK KBaJIMTETa.

CBHM ayTOpM M PpELECH3CHTH MOpajy OWTH PErHCTPOBAHH KOPHUCHHUIM
cucTeMa Cca jeIMHCTBEHOM e-Mami ajapecoM. Perucrtpanmjy je wmoryhe
usBpwutu Ha: http://aseestant.ceon.rs/index.php/vsp/user. TexHu4KO ymyTCTBO 3a
xopumheme  cHCTeMa  CNEKTPOHCKE  NpHjaBe  JOCTYIHO  je  Ha:
https://aseestant.ceon.rs/index.php/vsp/about/submissions.

VKonuKo MMate mpoGieM ca IOJHOIICHEM PYyKONHca ITyTeM Iuatdopme
Aseestant mosxete ce oOparuti 3a momoh Penakimju qaconuca ciameM e-Mejiia Ha
azpecy: vsp@vma.mod.gov.rs,

OIIIITA YIIYTCTBA

BCII o6jaBibyje pajoBe KOjH [0 cajia HUCY MPETXOJHO 00jaBibeHH (y LEIHHH
WIH JeJ0M), KOjH ce He pa3Matpajy 3a o0jaBJbHBaEkbe¢ HHUTH Cy npuxsaheHH 3a
00jaBIbHBAE Y HEKOM JIPYrOM YacOIIUCY.

BCII He pa3maTpa pagoBe KOjU Cy NPETXOAHO O0jaBIbEHH Kao IPEHPHHT
Bep3uje.

Yacomuc npuxBaTa W PafoBe UMjU Cy PE3yIATaTH MPETXOLHO IPHKA3aHU HA
HayYHHMM HIIM CTPYYHHM CKYIOBHMA M 00jaBJ/beHH y BUJY allCTPAKTA, IO YCIOBOM
a TH pe3ynrtatd HuCy objaBibenu ca DOI GpojeM (HIp. MPOLIMPEHH AlCTPAKT Y
JIOJIATKy HEKOTI' 4acoIIica).

VKOIHKO je 1e0 pesynrara IOAHETOr PYKOINCA IPETXOAHO CAOILITCH Ha
HayYHOM/CTPYYHOM CKyIy HJIM je Je0 JOKTOpcKe aucepramwje, y IIponpartHom
nucMy YpeIHHUIITBY HOTPEOHO je HABECTH 3BaHMYAH HA3UB CKyIA, MECTO H BpEMe
OJIpKaBamba, M a JIM Cy CAOMIITCHH PEe3yJITaTH MyOIMKOBAaHH U Yy K0joj dhopmu
(HIp. MCTH WIM JAPYraddju HAclOB WM caxerak), a y Hamomenu Ha Kpajy
pyKomuca To Tpeba oCeOHO HA3HAYHTH.

PanoBu ce o0jaBibyjy Ha eHIJIECKOM je3uky. IlojenmHe kareropuje paaoBa
(unp. ucropuja Meauimue/cToMarosoruje/hapmaiije) ce no oAy Y peIHUIITBA
BCII Mmory o0jaBUTH M Ha cprickoM je3uky. CBe KaTeropuje pyKoIHCa OCHM
KaTeropuja yBOAHHUK, IMHCMO YPCAHHUKY, MCTPAKUBAYKO IHCMO, HPHUKA3 KEGHTE,
M3BCIITaj Ca HAyYHOI WM CTPYYHOI CKyna ce 00jaBlbyjy ca amlcTpakTHMa Ha
CPIICKOM H €HITIECKOM je3uKy (y ckiomy pykomuca). O CTpyKTypu U oOumy
ancTpaKTa BHACTH JeTaJbHUjE Y O/1eJbKY ATNCTPakT OBOT YIIyTCTBA.

3a mucame pykomuca kopuctutu nporpam Word, dout Times New Roman,
BeJIMUMHY ciioBa 12, mpopen 1,5. Bennunny crpanune noaecut Ha popMar A4, ca
JIEBOM MapruHoM of 4 1M a npeocrtane tpu 2 um. Teker Kkynatu 6e3 Iesbema pedn
(xudenanmje), a mMociIe CBAKOT 3HAKA MHTEPIYHKIHjE CTABUTH CaMO jedaH mpa3aH
KapakTep. AKO Ce Yy TEKCTy KOPHCTE CHELHjalHU 3Hauu (CMMOOIH), KOPHCTUTH
dout Symbol.

TMomarm o kopumheHoj JUTEpaTypH y TEKCTy O3HayaBajy Ce aparcKuM
OpojeBuMa y CYNEPCKPHUITY, PEIOCIEA0M KOjUM Ce I10jaBibyjy Y TEKCTY.

CTpaHuIe HyMepUCaTh PeJioM y JOEHEM JIECHOM YTIIy, II0YEB O]l PBE CTPaHE
(13y3umajyhu HacIOBHY CTpaHy).

Ilpy nucamy TEKCTa HA CHIVIECKOM je3WKy IPHAPXKABATH CE jE3MYKOT
cranzapaa American English. O6asesno je kopumheme mehyHapogHor cucrema
Mepa (SI). M3yserax unse kpsHu npurncak (mm Hg) i temperatura (°C).

IpuiikoM TmHcama KOPHCTE ce craHgapaHe ckpahennme. I3GeraBati
ckpalieHHIIe Y HACIIOBY M aICTPAKTy OCUM YKOJIMKO je HeomnxojHo. ITyH Ha3uB ca
ckpaheHHIIOM y 3arpaJn HABOIU CE y BCHOM HPBOM IIOMHIbABY, & 1a/bE Y TEKCTY
camo ckpaheHnIe, Kako y alCTPaKTy TaKO M y TIIABHOM TEKCTy. Y 3aKibyd4Ky paja
(He anicTpakra) Hema ckpaheHuIa.

He xopucTHTH KOMEpIHjalHa HMEHA JIEKOBa U APYTUX HPernapara, a yKOIuKO
je TO HEONXOJHO Y3 HHMXOBE Ha3WBe 00ABE3HO HABECTH M TI'CHEPUYKA HMMEHA.
VYpehaju (amapati) ce o3HauaBajy (aOpuukuM HasuBHMA, a MOJATKE O
npousBohady (Ha3HB M MECTO) HABECTU y OOJIMM 3arpajgama. YKOIHKO Ce Y TEKCTy
KOPHCTE O3HaKe Koje Cy CIOj clioBa M OpojeBa, MpeLM3HO Hamucaté Opoj Koju ce
jaBJba y CyHepPCKPUITY WU CyOCKPHIITY.

Ws6eraBatn ¢ontose bold u kypsus (italic) jep cy pesepsucanu 3a
nojHacyiose. M3yserm cy 06aBe3HO IHCame Kyp3HBOM OHMX Ha3WBa KOjH CE TaKo
Mopajy mucaty (HIIp. THU HIIH CTPaHe PeUH - JIATHHCKN).

I'pynie ucnuranuka Mopajy OMTH jacHO aedMHHCAaHe M JOCIEIHO HMEHOBAHE
KpO3 €0 paj. 3a HCTH M0jaM KOPHCTHTH jeaH, jeAHHCTBEH TEPMHUH KPO3 LIEO paj.
VY opespky Pesyntatn u3beraBati pedeHuIe Koje mounmy ca: ,, Tabena X mokasyje
“ mm ,,Cinka X mpukasyje”. PedeHnna Tpeba Jja omuIIe pe3ynTaT, a O3HaKa

Tabele WM CIMKe Ja CTOjU Y 3arpajn Ha Kpajy ommca. Pedenuie He 61 TpeGano
nounmaTH ckpaheHuioM, OpojeM MM JaTymoM. M3beraBatm mpeayrauke
peUCHHIC KOje yMamyjy jacHONy TekcTa M JaTH MpPEJHOCT KpahuMm jacHUM
peueHHIamMa. 3aksbydak (OpMyIIHCaTH HOBHM peucHHIaMa, 6e3 mpenucuBama Beh
nspeuenux. [IpeBon pamoBa Ha eHriiecku jesuk mocpexncrtBom Google Translate
MOJXe H3a3BaTH Hepa3yMeBambe TEKCTa H CTOra ce He Mperopydyje.

V usbopy weyunnx peun kopuctutu Medical Subject Headings — MeSH
(https://www.nlm.nih.gov/mesh/meshhome.html). Kibyane peun y npuxsahenom
PYKOIMCY HE TOMAJEXY ayTOPCKO] KOPEKTYpH, IOIITO Cy OHE ACCKPHITOPU U3
Tesaypyca Kkoje oapel)yjy cTpyuHH HHICKCEPH.

OBABE3HA IIPATERA JOKYMEHTA
HU3JABA AYTOPA U AYTOPCTBO

3a cBakM PyKOIHC KOjU Ce MOJHOCH Ha pa3Marpame 3a objaBibuBame y BCII
HEONXOo/HO je na ayrop(u) gocrasu(e) OOpasai 3a uzjaBy o ayropctsy (M3jaBy
ayTtopa) 1a paj NPETXOAHO HHUje MyOJIMKOBAaH M Ja HUje HCTOBPEMEHO MOIHET 3a
00jaBIbHMBaE y HEKOM JPYTrOM YacOMNCY, J1a Cy PYKOIIMC MPOYNTAIH U OX0OPHIH
CBH ayTOpH KOjU HCIIyHaBajy KPUTEPHjyMe ayTOpCTBA, M KOHTAKT IOJATKE CBHX
ayropa y paxy (umejn aapecy, 6poj mMobwiHor Tenedona). Y oBom obpaciyy ce
ayTopH u3jalimbaBajy o cBakoM Moryhem cyko0y MHTepeca WM HErOBOM
ozcyctBy. CBu ayTopy Mopajy M3jaBy ayTopa moTIICaTH CBOjepydHO.

3a nonatHe MHQOpManuUje 0 pasIMUYMTHM BpCTaMa CykoOa MHTepeca BHIECTH
npenopyke CBETCKOr yapyXema ypelaHHKa MeauuuHckux uacomuca (World
Association of Medical Editors — WAME; http://www.wame.org).

BCII nomrtyje npenopyke KpuTepHjymMa 3a ayTopcTBo Koje aaje ICMJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-
the-role-of-authors-and-contributors.html). AyropcTBo ce 3acHMBa Ha HCIYIbEHY
CBa YETHPH KPHTEPHjyMa: 3HAYajHOM JONPHHOCY KOHICTIIHjH paja, IoOujamy
pesyiTaTa WM aHaJIM3W/TyMadery pe3yiTaTa; KPUTHYKO] PEeBU3UJU PYKOIHCA OJ
3HATHOT MHTEJIEKTYAIIHOT 3Ha4aja; ofno0pemy (pMHAIHE Bep3Hje pyKomuca Koja he
OutH o0jaBJbeHA W IIpey3HMakry OATOBOPHOCTH 33 CBE AacIeKTe 00jaBJbEHOT
canpxaja. CBM ApYrH YYECHHIM KOjH Cy IONpPHHENM HM3paad paja, alld HHCY
HCIIyHWIU TIPONUCAHE KpUuTepHrjyme Tpedano 61 na Oyry HaBeIeHH Y 3aXBalHHLH
y3 TIpenmsupame gonpruHoca pany. Iorpe6Ho je 1a ocobe HaBeneHe y 3aXBaTHUII
J1ajy TIHCMEHY CarjiacHOCT.

ETHYKA CAI'VIACHOCT

CBa wHCTpaKMBamba KOja YKJbYYyjy JbYA€ H/WIM XyMaHH MaTepujai
Mopajy Outm cmpoBeaeHa |y ckiagy ca  npenopykama ICMIJE
(https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-
of-research-participants.html) n Xencunmkom pexmaparmjom, pesusuja 2024
(https://www.wma.net/policies-post/wma-declaration-of-helsinki/). CkeHupany
ctpany no3one Etnuke komucuje (EK) HamnexxHe HHCTHTYIMjE Koje je oqo0puna
UCTpaXKMBare, Ha KOjoj ce BUAM NaTyM WU3[aBamba U IPEIMET HCTPakuBaiba,
aytopu cy y obaBe3u Jla J0CTaBe MCTOBpeMeHO ca pykonucoM. [lo3soma EK ce
JIOCTaBJba HA je3UKy HA KOME je M3/laTa M CHIVIECKOM je3HKy (MOXKe M OBepeHa
KOIHja).

VY oxemky Metoae Mopa OUTH HaBEJCHO Ja je CTyAHja 0100peHa OJ cTpaHe
Hauiexnor EK, y3 naBoheme HasuBa MHCTUTYLMje M Opoja omilyKe, Kao H Ja je
CIPOBEICHA y CKIAJy Ca €TUYKUM NPUHIHUIHMA 32 MCTPAXKHBAKbA KOja YKIbYUY]y
JbyJie W/WIM XyMaH! MaTepHjall.

AHOHUMHOCT mauMjeHata Mopa Outu 3amrtuhena y ckimagy ca ICMIJE
nperopykaMa. 3a cBa HCTpaKMBamba Koja YKJbY4yjy MOJaTKe O MalUjeHTUMA KOji
omoryhaBajy IMpPEKTHY MJIH MHAMPEKTHY MACHTH(HKALH]jy, ayTOpU Cy 00aBe3HH
Jna npubaBe NHCAHU MPUCTAHAK HHAOPMMCAHOr MALMjeHTa, Na y PYKOIHCY
Ha3Haue Ja je NMPHCTaHAK MalMjeHTa MpHOaBIbeH, M Ja ra Mo Motpedu aocTaBe
YpeaHumrBy.

V ciydajy ucTpakuBama Ha JKHBOTHE-AMa, ayTOpU Cy MYXKHH Ja JOCTaBe
ofobpeme HamiexHor EK koju Boam Opury o mnomroBamy MelhyHapoIHHX
cTaHJap/a o ynorpebu 1a60paTopujCKUX KMBOTHIHA Y HCTPAKUBAYKE CBPXE.

VpeaHUIITBO MOXe OZOUTH pajoBe 3a KOje MPOLEHH a HUCY M3BEJCHH Y
CcKJIajy ca Mel)yHapOJHUM eTHYKUM CTaHJapANMa.

PENPOAYKOBAIE NPETXOJHO OBJAB/BEHOTI 3AIITUREHOT
MATEPHJAJIA W/IWJIA HEOBJAB/bEHOI' TYBEI' MATEPUJAJIA

VKOIMKO ce KOpHCTe MpeTXoqHo objaBibeHe wiycrtpaumje (pororpaduje,
cxeme) y3 00aBE3HO LUTHPABE HM3BOpA MHPEy3UMama IOTPEOHO je MOCTABUTH
J103BOITY (MHCAHO 0JI00pEIbe Yaconuca y KoMe cy o0jaBibeHe) 3a BHXOBY 00jaBy y
BCII. Ykomnuxko ce kopucte Tyhe Heobjasene niycrpauuje (pororpaduje, cxeme)
MOTPeGHO je JOCTAaBUTH JI03BOJTY ayTopa HIIyCTpalyja, 3a ibuxoBy o0jaBy y BCIL.

NJIATHJAPU3AM

Op 2012. roguHe CBH PYKOIHCH [JOCTaBIbeHHM Ha pasmarpame y BCII
MOABpraBajy ce IpoBEepUM Ha MHOTEHILHMjAIHM (ayTo)ILUIarHjaph3aM I[OCPEICTBOM
SClIndeks Assistant — Cross Check (iThenticate). Pykomucu kox Kojux ce aoKaxe
(ayto)mnarujapusam 6uhe ondujeHn. Y 3aBHCHOCTH OJf CTEHIEHa U BPCTE yTBpheHOr
(ayTo)miarujapusama aytopuma ce Moxke u3pehu 3abpana objasbuBama y BCII-y
(pa3nuuuTe Ay)KHUHE Tpajara), y3 00aBelITekhe HAUISKHUX Tella Y HHCTUTYLHjama
y KOjUMa ayTOpH pajie U PeIeBAHTHUX MPO(ECHOHAHNX yAPYKeHba.

KOPHUIIREILE Al

IenepaTuBHa BemTauka uHTenurenumja (artificial intelligence-Al) wmm
TexHonoruje koje kopucre momoh Al (Al-moTmomorHyTe) MOry ce KOPHCTHUTH
caMo y3 IOIITOBake Hadela TpaHcmapeHTHocTH (ymotpeba Al mopa Outn jacHO
HaBeJICHA Y PYKOIIHCY), OATOBOPHOCTH (ayTOPH OCTajy Y IOTIYHOCTH OJTOBOPHH
32 TAUYHOCT M OPHTHHAIHOCT Cajpikaja), HPOBEPIBHBOCTH (CBH YYCCHHLH Yy
yOIMIMCTHYKOM HpOIlecy MOpajy NpoBepuTH 1a Al Huje yHena H3MHIIJbEHE
[OJaTKe, LHTATe WIN TBPAIbE) U MOBEPIHUBOCTH (AyTOPHUMA U PELCH3CHTHMA je
3abpameHO yuuTaBame pykormca noguernx y BCII y jaBue Al cepsuce).


https://www.icmje.org/recommendations/?utm_source=chatgpt.com
https://creativecommons.org/licenses/by-sa/4.0/deed.en
http://aseestant.ceon.rs/index.php/vsp/user
https://aseestant.ceon.rs/index.php/vsp/about/submissions
mailto:vsp@vma.mod.gov.rs
https://www.nlm.nih.gov/mesh/meshhome.html
https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
http://www.wame.org/
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/defining-the-role-of-authors-and-contributors.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html
https://www.icmje.org/recommendations/browse/roles-and-responsibilities/protection-of-research-participants.html

Page 196

VOJINOSANITETSKI PREGLED

Vol. 83, No. 3

VYnorpeba Al anara je JomylmTeHa caMo 3a OrPaHHYCHE je3HYKE U TeXHHUYKE
MHTEPBEHIIMjE Y TEKCTY PYKOIHMCA: HCIPABKY I'PAMaTHKE M HPAaBOIKCA, CTHICKO
JIOTepHBaEbE ayTOPCKOT TeKeTa, moMoh Ipu (popMaTuparmy, TeXHUUKY aCUCTCHIH]Y
(mormyT MCIpaBibama Koja). AyTopu MOry KOpUCTHTH Al ajate HCKJbY4HBO 3a
kpeupame Al-morTomortyror, amu He u Al -reHepucaHor caapxaja.

Ayropu Koju cy kopuctuiau Al-IOTIOMOTHYT cajpxkaj y obaBesu cy jaa
MOTIYHO M TauyHO HaBeny ynoTpeOy Al anara (Tauan HasuB Al amara, gatym
npuctyna, KopuinheHe ymuTe M CBpXY ynoTpe6e), rapaHTyjy OpPHTHHAIHOCT
HAy4YHOT JONpUHOCcA, u3beraBajy 6mino kakBy (abpuKalujy WiIn MaHUMYTALUjy U
HOIITYjy TpaBmiia HaydyHe eTuke. MHopmammje o kopumhemy Al ce HaBoxe y
ozxesbKy Metone nin 3axBaHHLA.

3abpameHo je xopuctuTH Al anate 3a reHepucame Beher jgena caapxkaja
pyKoIMCa, KpEHpame HaydHHX HAeja, MOJATaKa M pesylrara, aHaiuzy u
HHTEpIpeTanujy pesyinTara, (popMupame 3aKbydaka, H3MEHy CIHKa, Tabera
nnu rpadukona (ykibydyjyhn rpaduuke caxerke), M3MEHy II0JaTaKa HIH
pedepeni.

HensocmucnieHo yrepheHa HezmomymiteHa ymorpe6a Al 3a mocienuiy uMa
onbujame paja.

Al H1 y KOM ciTydajy He MO)e OMTH ayTop HIIM KOayTop pajia, HATH MOXe Kao
ayTop O6uTH LMTHPaH y ofesbKy JInTepaTypa.

Pany 3amITHTEe TOBEPJHUBOCTH, HHjEJAH /IO HEOOjaBILEHOT HCTPAXKHBAEA
noctaBsberor BCII He cMe OUTH yHET y BEIMKH je3UYKH MOZEN O] CTpaHe ayTopa
WM PETICH3EHTA.

AyTopu Koju cy KOpucTHINM Heku o Al amara cy y obaBesu 1a NPHINKOM
TOJTHOIICHA pyKoIHca nojHecy u M3jaBy o xopunihemy Al

THUIIOBHU PYKOIIUCA

'V BCII ce o6jaBibyjy cieznehe KaTeropuje U THIIOBH PYKOIHCA M CAONIITEeHba:
YBOOHUK, OpUI'HHAJIHU paj, MPETXOAHO CAONIITCIHE, KPATKO CAOIIITCHE, IIPUKa3
cllydaja M CepHja CllydajeBa, OMIUTH (HApPAaTHBHH) HPEINEA JUTEPaType, MHUHH
Tnperuen, CHCTEMATCKH Mperyex JHUTEpaTrype, MeETa-aHalln3a, CHCTEMATCKHU
Hperiejl JHTepaType ca MeTa-aHalH30M, akKTyelHa Tema, y (OKycy, pax u3
ucropuje MeauuuHe/cromaronoruje/hapmanuje, IUCMO YPEAHUKY, HCTPAKUBAYKO
HHCMO, KIMHIYKO MCTPaKUBahe, H3BEIITAj ca KOHIPeca U HayYHOI' CKyIIa, IIPHKa3
kmure, In memoriam u apyru npunosu.

OPUT'MHAJIHA YJIAHAK

[puka3syje HOBa u 3HauajHa otkpuha y onpeheHoj obmactu y3 aeTasbaH Onmc
kopumheHHX METOJa MCTPaXKHBama, JOOMjEHHX pe3yiTaTa W HM3BEACHHX
3abydyaka. Jlucta pedepenmm Tpeba ma yKJbydd HAjHOBHjE M HAjBa)KHHje
pedepente u3 obnactu paja.

MNPETXOJHO CAONIITEWBE

TlpeacTaBiba NpPHKa3 HCTPAKMBaKka KOja HHUCY 3aBpIICHA, ca HalasHMa
KOjU 3axTeBajy [IOJaTHAa HCTPaXKMBaka M BalMIAlWjy Mpe KOHAYHUX
3aKJbydaKa, ajqu ¢y JobujeHe nHpopManuje o1 HHTEpeca 3a Hay4dHy H CTPYUHY
jaBHOCcT. Cazipku CBa MOrJaB/ba Kao OPUTMHAIHM HAy4YHM YIaHAK, ald y
3HaTHO cKpaheHoM o6uMy. AyTopH ce MHOJACTHYYy Jia KacHHje objaBe IyHY
OpUTMHANIHY HAy4YHY CTYAHjy Ca KOMIUICTHHM, BaJIWAHPAHUM IMOAALMMa H
CBEOOYXBATHOM aHAJIM30M.

KPATKO CAONIUTEILE

IlpencraBiba 3aBPLICEHO MCTPAKUBAKBE KOje je Malo MO OOHMY, YCKO
(boKycHpaHO Ca jaCHMM 3aKJbyd4lIMa Ha OCHOBY IIPEICTABJbCHUX peE3yITaTa.
Caap)lm CBa IorjlaBjba Ka0 OpUIrMHAJIHK HAyYHH YIaHaK, aJlil y 3HaTHO CKpahCHOM
obumy. Cmarpa ce KOHayHOM IyOJIMKaLMjOM TOT cHEeU(HYHOT, MaJor
ucTpakuBama. He Mojke ce TOHOBO 00jaBUTH Kao WIaHAK IyHOT obuMa (Mako ce
MOAICTHYE HAKHATHO UCTPAXKUBALE KOje Ce HA/lOBE3Yje Ha Iera).

NPETJIEAHU YIAHOU
ONIUTHA (HAPATUBHMN) IIPETJIE]] IUTEPATYPE

Ilpernen, KpUTHYKA aHAM3a M CHHTE3a NoCTojehnMX HaydyHMX ca3Hama o
n3abpaHoj Temu. Aytopu 00yxBaTajy CBY AOCTYNHY mpumnajaajyhy murepatypy 3a
ozipel)eHn BpEMEHCKH MEpPHOJI, TIPHKA3yjy pe3yaTaTe PEeleBaHTHHX HCTPaKHBamba,
uaeHTU(GHKY]y HEOCTaTKe, OrpaHHUyYeHa WM KOHTPOBEP3e U yKasyjy Ha HpaBle
Oynyhnx ncrpaxusama, 1ajyhu cBoje Buherme mpobiieMa y BHIy 3aKJbYIHOT CTaBa.
AyTOpH 4sIaHKa OBE KaTeropHje Mory OMTH OHM KOjH Cy 00jaBUII MUHHMAJIHO TET
pagoBa MyOIMKOBaHMX Yy wYacomucuma c pereHsujom (M20) wu3  obiactu
HPErJIeHOT paja.

MMHWHMU NIPETJIEJHHA YJIAHAK

Caxer mnpersen mnocrojehe auTepaType M HajHOBHjUX Jocturiyha yHyTtap
neduHHCcaHMX acmekata oapeheHe MCTpakMBadke 00NacTH W HEHH HOBH H/WIH
AKTYEJIHH IPaBLHU pa3Boja.

CHUCTEMATCKH IPETJIE] JIUTEPATYPE

CuHTe3a NpeTX0HO 00jaB/beHUX HUCTpaXkuBama 0 oapeheHoj Temu kopuinhemem
jacHo JeduHMCAaHMX ¥ yHanpex OApeheHHX METOONIOMIKUX IIOCTyIaKa 3a
CeNeKIHjy ¥ eBalyalujy. AyTop Mopa Ja KOPUCTH pelieBaHTHe 0a3e mojaraka,
MOCTaBU KPUTEPUjyME YKJbYYHBaka M HCKJbYYHBamba CTyJHja W HPHMECHH
TPaHCHAPEHTHY METOLOJIOTH]Y.

META-AHAJIM3A

KopucTi  CTaTHCTHYKE MeEToJe 33 KOMOMHOBAaHkE KBAaHTHUTATHBHHUX
HoJaTaka M3 BHUIIC HNPUMApPHUX CTyAUja Kako OM ce MICHTH(UKOBAIH OIIITH
TPEeHJOBH M TpPOLCHWIA CHAara Joka3a o oapeheHoj Temu. AyTop Mopa naa
KOPHCTHU pelieBaHTHe 6a3e mojaraka, Ae(pUHHUIIE KPUTEPUjyMe 33 YKIbYUHBAIbe
U MCKJbY4NBAIbE U MIPUMEHN TPAHCHAPEHTHY U PEIPOAYLHOUIHY METOIONIOTH]Y.
HeomxonHo je jacHo meduHHcame ucTpaxupaukor nutama (PICOS oksup),
HaBoheme cMepHHIa 3a 0mabMp M AWjarpaMa TOKa 3a CEICKUHjy CTyIuja
(PRISMA).

CUCTEMATCKHU NPEIVIEJ IMTEPATYPE CA META-AHAJIUN30M

KombuHyje KBaIMTaTHBHY M  KBAaHTHTATHBHY CHHTe3y, Kopuctehu
CTATUCTUYKE TEXHHUKE 33 CyMHpame KBAHTUTATHBHUX PE3y]TaTa a KBaJIUTATHBHY
CHHTE3y 3a ONHMCHE/HapaTHBHE Halaze. AyTOp MOpa KODHCTHTH pEleBaHTHE 0ase
noJjiaraka, jacHo AeGUHHCATH KPHTEPHjyMe 3a YK/bYUHMBAHe M HCKIbYYHBAIHE
CTyAMja, ¥ MPUMEHHTH TPAHCIAPCHTHY M PENPOLYLHUOHIHY METOONOTH]Y.
HcTpakuBadko mutame Mopa 6utn jacHo aedunucano npema PICOS oksupy, y3
HaBoheme kopumheHnx cMepHuIla 3a u3BemTaBame (Hnp. PRISMA) u
ykbyunBatbe PRISMA nujarpama toka 3a npukas cesiekiuje cTyauja.

AKTYEJIHA TEMA

Pasmatpa caBpeMEHO, HEPENICHO WM KOHTPAJIMKTOPHO MHTAEmE Of
TEOPHjCKOT ¥ MPAKTHYHOT 3HAdaja, y3 M3HOLICHE COICTBEHHX pe3yiTara
UCTpaXKHBatha WIN HAjHOBHUX BAXKHHX IIOfaTaka M3 JmTeparype. KoHcTpykimja
WIaHKa je CI000AHA a MOXKEJBHE Cy KPaTKe 3aK/bydHE HALIOMEHE Ca jaCHOM
HOPYKOM.

Y ®OKYCY

Tematcka, hoKycHpaHa aHaunM3a W/WIM KPAaTaK OCBPT Ha HAy4HH HpoOieM
KOjU je y Temarckoj obiacTu yacommca, a Koju obpalyje nuTame on 3Hauaja 3a
Hay4HY 3ajeJIHUIY ¥ IIUPY CTPYYHY jABHOCT.

KA3YUCTHKA
MPUKA3 CJIYYAJA u CEPHJA CJIYYAJEBA (24, <9)

Tlpukas ciy4ajeBa ca PETKOM M HEOOMYHOM JIHjarHO30M, JHjarHOCTHYKHM
MPOLECOM, CTpaTerrjama Jeuenha, KIMHAIKIM TOKOM, HIH HCXOJ0M JIeUersa, KOju
MOry OHMTH OJ KOPHCTM 3a KIMHMYKY [PakCy M MEIULMHCKO o0pa3oBarbe.
Ipunukom nucama norpedHo je kopuctutd CARE cmepuuue (https://www.care-
statement.org/writing-a-case-report). Heomnxoman je mnpucraHak HHPOPMHCAHOT
HalMjeHTa.

YBOJHUK

VBOOHHIY Cy HEPELECH3UPAHH TEKCTOBH INIABHOT U OATOBOPHOT YPEIHHKA
W/WIM 4iaHOBa YPEJIHMINTBA HAMEH-CHH HAjaBH HOBOI' BOJIyMEHA, TEMAaTCKOT
Opoja, cazpikaja Koju Cy O 3Hauyaja 3a CTPYKy H/WIM HHCTUTYLHjE YHjUM
YJIaHOBMMA je YacOlMC HAMEIEH Kao M YPEJHHYKH TEKCTOBU IIO IO3MBY.
VBoauuIM He Tpeba Ja cajpxe HeobjaB/beHe Ml OpPHIMHAIIHE ITO/IaTKe, a Mopajy
YKIJbYYHTH H3jaBy O CyKOOy HHTEpeca.

NMUCMO YPEJHUKY

HepeneHsnpanyu KOMeHTap/KpuTHKa Tekcta objasibenor y BCIL Inmry ce y
cnoboHoj hopMH, y3 eBEHTyalHO HaBoheme mopaTtaka u3 auteparype. He cmejy
canpxaTti HeoOjaBibeHe pesyinrate. OGjaBibyjy ce mpemMa OJUIyIM TJIaBHOT M
OZArOBOPHOT YPEHHKA.

HUCTPAXKHUBAYKO ITUCMO

KpaTkn npuka3 OpUrMHAIHOT MCTPAKHBAMKa, KOJU CaJpXKH YBOJA, METOAE,
pesynTaTe M AUCKYCHjy y caxxeToM o6iuky (6e3 monene y moceOHe LENMHE ca
MOIHACIOBMMA) W MakCHUManHO a0 2 npuiora (tabene/cnuke). He caapxu
ancTpakT U KIbY4YHEe PEdH ajli MOpa Ja HCIIYHH CBE OIIIITC YCIOBE 3a Pa3MaTparbe
pykonuca (ykibydyjyhu npouec penensuje).

HUCTOPHJA MEJUIIMHE/CTOMATOJIOTHJE/®PAPMAIIMJE

Marepujan 3Ha4ajaH 3a pacBeT/baBambe NOjeAMHMX porahaja W/wmiu mpukas
3HAYajHUX JIMYHOCTH M3 HCTOpHje MeJMUMHE/cToMaronoruje/hapmanuje, a
noceGHO BOjHE MeauIMHe/cToMaTonoruje/hpapmaruje.

KJIWHUYKO UCTPAYXKUBAE

OPMT‘HHaHHa panaOMH30BaHa KOHTpOJIMCaHa UCIIUTHBakma u
OTCcepBallMOHE CTyJHje yTHILAja jeJHOT HJIHM BHIIE CpeJcTaBa MIM Mepa Ha
UCXOX 37paBJba JbYAHW, KIWHHYKY TMpPaKCy HW 3IPaBCTBCHY TIOJHUTHUKY.
Pykonucu Mopajy OMTM HpUIPEMJbEHM Yy CKiIagy ca MehyHapoaHum
cmepuunama (Hnp. CONSORT - https://www.consort-spirit.org/ nm STROBE
— https://www.strobe-statement.org/) u perncrpoBana y HekoM 01 MehyHapoIHO
NMpU3HATHX jaBHUX peructapa (unp. ClinicalTrials.gov).

IPUKA3 KIbUTE

Canprxu 6ubimorpadeke nmonaTke o myOIHKanuji (ayTOpH, H3BOPHHU HACIIOB,
M3/1aBay, MECTO M TOJAMHA M3/Iamkbha), HeH KPAaTaK Calpikaj U KPUTHYKE KOMEHTape
cazipKaja, CTUJIA U 3Ha4aja KEUTe y JIaToj 001acTH. Pykomuc He cMe OUTH TyKH O
2 cTpaHule.

U3BEIITAJ CA HAYYHOI' IJIM CTPYYHOI' CKYIIA

[lpyka3 aKkTHBHOCTM HAyYHOI WM CTPYYHOI CKymna, Y3 HCTHIAmbe
HajBOXHUjUX pedepaTa MM 3aKJbydaKa, OJHOCHO MPENopyKa OJ] 3Hauyaja 3a MIHpU
kpyr unranana BCIL

OBHUM PYKOITUCA

]_ICJ'[OKyHHPI PYKOITUC pajaa YMHE: HAaCJIOBHA CTpaHa, aliCTPaKTH Ha CPIICKOM U
CHIJIECKOM je3MKy Ca KJbYYHHUM peuyMMa, IJIABHH TEKCT pajia, 3aXBaIHOCT (110
notpebu), CrHUCaK JUTepaTrype, NpUno3u (tabeine, ciuke, rpadUKOHH, CcXeMme,
LPTEXKH).

O0uM pykomuca 3a KaTeropuje OPUrHHAIHH paj, OMIITH (HAapaTHBHH)
nperiaea JNUTEpaType, CHUCTEMATCKH IIPEriea JHUTEpaType, METa-aHalu3a,
CHCTEMAaTCKU Mperie] JUTepaType ca MeTa-aHaiau3oMm usHocu jgo 5 000
peun.

O6uM pyKomuca 3a KaTeropuje MHUHH MpPEriel, MPETXOIHO CAaolIITeHe,
KpPaTKO CaoIIITeHhe, MPHKa3 Clydaja, CepHja CllydajeBa, akTyellHa TeMa, KINHHYKO
HCTPaXHBabe, UCTOpHja MeauLuHe/cTomMaTosoruje/gapmaruje u3nocu no 3 000
peun.

Pykomnucu 3a ocrane kareropuje/pyopuke Mory umarty Hajsuiie 1 500 peun.


https://www.vsp.mod.gov.rs/multimedia/dodaci/asf_i_ai_srp_1769762358.doc
https://www.care-statement.org/writing-a-case-report
https://www.care-statement.org/writing-a-case-report
https://www.consort-spirit.org/
https://www.strobe-statement.org/
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IIPUIIPEMA PAJIA

HACJIOBHA CTPAHA

Ha npBoj cTpannuu pykomnuca tpeda HaBecTH ciejehe:

. HacnoB pana 6e3 ckpahenuua;

2. Ilyna umeHa u npe3nmeHa ayropa (6e3 tutyna, y3 HaBoheme ORCID Gpoja
3a cBe ayTope Koju ra uMajy) ca o3Hakama cieaehum pexom *, 1, 1, §, ||, 1,
** 1t ... urn.

3. IlyH 3BaHMYaH HA3MB YCTAHOBA y KOjHMA ayTOPH pajie, MECTO H JPXKaBy y
K0joj ce ycranoBe Hamase (3Hauum *, T, I, §, [, 9, **, Tt ... nra.mokasyjy
PE/loM yCTaHOBE y KOjHMA ayTOPH Pajie);

4. Ha mHy CTpaHHIC HAaBECTH MME M IPE3UME, aApecy 3a KOHTAKT, e-Mamil
agpecy u Opoj Tenedona (mobuianor/Viber wim WhatsApp) ayropa
3ay’KCHOT 33 KOPECIIOHICHIIN]Y.

ATICTPAKT

Ha npyroj cTpanu paja numry ce amncTpakT M KJbydHe peud. AINCTpakT ce
IHIIE KPATKUM M jJaCHUM pedeHHIamMa. 3a KaTeropuje OpUrHHaIHKU Paji, MPETXOLHO
CaoMIITeHhe, KPAaTKO CAOMIUTeHE, CHCTEMATCKM Mperaef JMTepaType ca
METAaaHaJIN30M, METa-aHajlu3a, KIMHHYKO  HCTPAKMBAEbe,  alCTPAaKT  je
CTpyKTypucaH u tpeba na uma cienehe menose: Yeoxa/Llum, Metozne, Pesynraty,
3arspydak. CBakM O]l HAaBEJCHHX CerMEHATa INMHCATH Kao Ioce0aH macyc Koju
nounme OonmoBaHOM peud. HaBecTH HajBakHHje pesynTate (HyMepHUKe
BPCHOCTH) M HHBO CTAaTHCTHYKE 3HAYajHOCTH. 3aKJbydak Mopa OWTH JHPEKTHO
MOBe3aH ca pesynTatuma paaa. Obum ancrpakra He cMe 1a npehe 300 peun.

3a kareropuje MpUKa3 clydaja M CepHja cily4ajeBa ancTpakT uma cuenchy
CTPYKTYpY: YBOA (y HOCICII0] PEUCHHIN HABECTH IMJb), IIpuka3 GonecHuKa,
3akspyuak. CBaku O HAaBEJEHHX CErMEHATa IHCAaTH Kao mocebaH macyc Koju
noune 6ogoBaHoM pedr. O6uM anctpakTa He cMme Ja npehje 250 peun.

3a ocranme KaTeropuje pajgoBa, OMIUTH (HAPATUBHU) IpPErjei JUTepartype,
MHHH TIperJie]l, CUCTEMATCKU Mperie]l JIMTepaType, akTyelHa Tema, y (OKycy,
HCTOpHja  MeIULMHe/cToMaTojoruje/gapmaryje  ancTpakT Hema  I0ceOHY
CTPYKTYpy 1 He cMe 1a npehe 200 peun.

BoauTu padyHa na cpricka M eHriiecka Bep3uja ancrpakra Oyny mehycobno
TayHU M TPELHU3HHM NpeBoad. HujenHa pedeHuila He CMe MOCTOjaTH Y jEIHO]
BEP3MjH a J1a HUje IPEeBe/IeHa y APYyroj.

K/bYUYHE PEYHN

I/ICHO,E[ ancTpakTa HaBECTU MET A0 CeaaM PEJICBAHTHUX KJbYYHUX DEYU WU
n3pasa KojH ykasyjy Ha cajpxaj paja. IIperopyka je na ce He NOHaBJbajy Peun U3
Hacnosa pajga. Y usbopy kpyunux peun kopuctutu Medical Subject Headings —
MeSH (https://www.nIm.nih.gov/mesh/meshhome.html).

CTPYKTYPA I''TABHOI' TEKCTA PAJIA

HeonxonHo je [a OpUTHHAIHH paj, IPETXOAHO CAOMIITEHE, KPaTKo
CaolIITeHhe, MeTa-aHalM3a, CHUCTEMATCKH IIpernie] JHTepaType ca MeTa-
aHAIN30M, KIMHHYKO MCTPaXKHBaIbe CajJpike MOrNaBiba: YBOJ (KpaTak IpHKa3s
peaMeTa HCTpaXkMBama y3 HaBOJ LHJba paja y mocieqmeM macycy), Meronge
(npenu3aH onuc ojgabupa MCIUTAHWKA W NPHMECHCHUX METOHa, YKIbYdyjyhu
CTaTUCTUUKE MeToje, Opoj no3Boie carnacHoctd HaiexHor EK), Pesynratu
(IpHKa3aHu JOTHYKUM pelociesoM 6e3 IyImpama IpHKa3a UCTHX pe3yirara
Ha BHLIe HauyuHa), Jluckycuja (6e3 noHaB/pama nojataka Koju cy seh HaBeneHu
y ozesbKy PesynraTu; JUCKYTOBAaTH caMo J0OMjeHE Hallase JOBOhEHmEM y Be3y
ca JIPYrUM peIeBaHTHHUM CTyjujaMa, [OBe3aTH IMCKYCHjy H 3aK/bydke ca
LUJEBUMA paja, Mo MOTPeOM HATIACHTH JIMMHUTALUje NCTPaXKHBamba), 3aKJbydak
(Koju mHpOMCTHYE U3 pesylTara JaTOr MCTPaKHBamwa), 3axBanHuua (1o
notpedn), Jluteparypa.

Pykomnucu M3 kateropuja OHIUTH (HAPATUBHM) IpErJie] JIUTEPAType, MHHH
Hperies, CHCTeMATCKH Mperiies JIUTepaType, akTyelqHa Tema, y (oKycy caapxe
cnenehe wnemmne: YBox (ca  oxaroBapajylinM  mojHacioBuMa), 3akibydak,
Jlurepatypa.

Pykomnucu M3 kaTeropuje npuKas ciydaja, cepuja ciydajeBa caapike cienehe
uenuHe: YBoa (LMJb paja HAaBECTH Kao Mochelmwu mnacyc Ypona), Ilpukas
GonecHHKa (MACGHTHTET OOJNIECHMKAa Mopa OCTaTH aHOHMMaH), JIHcKycHja,
Jlutepatypa.

IMpuka3 GoJecHHKa HEe CMe UMATH BHUIIIE O] TIET ayTopa.

YIIUTHUILIM (Questionnaires)

CBu xopunrheHH yIUTHHUIN KOjH Cy YHOTPEOJbCHH Ka0 MEPHHM MHCTPYMEHTH
3a OMJIO KOjU O[] UCHUTHBAHHX MapameTapa, Mopajy OMTH NpEBEJCHH Ha je3uK
TOBOPHOT MOJPy4ja UCIUTAHUKA Y3 HaBOhCHE H0Ka3a O M3BPILICHO] BATHAALMH H
KYJITYPOJIOLIKOj aJanTalijH M0AHe0bY HCIIUTAHUKA.

nPUJIO03U

Ipunore unju 6poj Tpeba na Oyxe yckinalheH ca Jy)KMHOM TEKCTa MOCTABHTH
Ha Kpaj INIaBHOI' TEKCTa pykKomuca u3a JlutepaType, a y caMOM TEKCTY jacHO
HA3HAUYUTH MECTO KOje ce OMHOCH Ha aaTu mpuior. Kpajwa mosumuja mpuiora
6uhe onpelhena y Toxy npunpeme paaa 3a myOInKOBambe.

-

Tabese

HacnioB TpeGa Hamucatn u3Hajx Tabene, a o0jallmbera (JereH1y) HCroj mwe.
Taberne ce 03HauaBajy apanckum OpojeBHMa ImpeMa peaocieay HaBohema y TeKcTy.
Tabene u3paautu UckibyunBo y nporpamy Word, kpo3 mexn Table—Insert-Table,
y3 neduHHCame TadHOr Opoja KomoHa M penoBa koju he je umnutH. Kymatu
¢donrom Times New Roman, BennmunmHOM ciioBa 12, ¢ jeAHOCTPYKMM MPOPEIOM.
TaGene Mopajy OHTH jacHe W HMATH CBE CICMEHTC HEOMXOAHE 3a MPABHIIHO
pasyMeBame INTa je y BHMa HPUKA3aHO. YKOIMKO NMPHUKA3aHE BPEIHOCTH MMajy
,,OIICer* Wi ,,pehepeHTHE BPEIHOCTH , TO c€ MOpa I0/aTH.

V nerenau wucmon Ttabene Tpeba objacHHTH cBe CKpaheHHIle HaBeIeHE y
Tabenu M cBE O3HAKe (HIp. CJIOBA y CYNEPCKPHITY WM GOJIIOBAHE BPEIHOCTH).
Taxole, HEOIIXOAHO je HPeU3UPATH IPHMEECHE CTATUCTHIKE METOAE.

Cauxke (maycrpanuje)

Ilox cimkama mogpa3ymeBaMo cBe O00JMKe TrpadUyuKHX OpHIIOra
(pororpaduje, uprexu, cxeme u rpapukonu). Cimke Tpebda yrpagutH y
pyKOIIUC Ha Kpajy TEKCTa, IOCIe JuTepaType W mocie tabena (ako UX HMa).
Cnuke ce O3HauaBajy apalckuM OpojeBMMa IpeMa penociieqly HaBolhema y
TekcTy. Benuka cioBa A, B, 1] uta. Tpeba KOpHCTHUTH 3a O3HA4YaBame [EJI0Ba
BumeaenHux ciauka. CioBa, OpojeBn u cumbonu Tpeba npa Cy jacHH M
ijZlHa‘IeHI/I, a MOBOJbHE BCIMYMHE [a NPUIHUKOM yMambHUBamba GyZly YUTJbUBH.
Jlojanm TpUKa3aHW HAa CIMKaMa Mopajy OuTH cauyBaHM Kao (ororpaduje (He
Kao M3MEHUBH rpadUyKH €JEeMEHTH), TaKo Ja Ce IHXOB IOJIOXKAj HE MOXKE
ME€HWhAaTH, KakKo ou ce 066366[[14.]13 TAYHOCT IIOJaTaKa NPHUKAa3aHUX Ha CJIIHIH.
Ipumajy ce HCKJbYYHBO QuruTanHe GpoTorpaduje ca MUHUMAIHOM PE30JIYLIHjOM
ox 300 dpi u dpopmara JPEG, PNG unu PDF. Ciuke koje He 3a10B0JbaaBajy
HaBeJleHe ycioe Hehie Gutn npuxsahieHe 3a o6jaBy. J[MMeH3HMje JOCTaBIbEHHX
cnuka 6u Tpebano na 6yny nmpubnmkHe TUMeEH3Hjama y Kojuma he ciuka OutH
o0jaB/beHa. YKONMKO ayTOpH HHCY y MOTyHHOCTH faa JOCTaBe JMTHTAlHE
dororpaduje, onna opurnHanHe ciuke Tpeba ckenuparu y pesonyuuju 300 dpi
ny Op"FHHaHHOj BCIIMYUHHA U KaO TaKBC HMX JJOCTaBHUTH. Csu nojgamu Ha
cxemaMa u rpadukoHuMa Tpeba na Oyny ucnucanu 6escepudHuM GOHTOM pagu
nakie yntbuBocty (Hup. Arial, Helvetica), Bennunna cioBa He mama ox 10 pt.
MepHe jenuHHIe U CKalle MOpajy OUTH jacHO HasHaueHe. [lenumanHu OpojeBH
Ha TpaQUKOHMMa MOpajy OMTH NpPUKA3aHHM ca TAa4yKOM, a pa3/Bajame XMIbaJa
Mopa GuTH 03Ha4eHo 3ape3oM (Hmp. 1,234.56).

Buneo-npunosu (wiyctpaiuje paga) Mory Tpajatd 1-3 mMuHyTa M OuTH y
dopmary avi, mp4(flv). V3 Bumeo mocraButH moceGHO CIMKY Koja Ou Guia
WIYCTpalyuja BUACO-IIPHKA3a y e-H3amby U 00jaB/beHa y LITAaMIAHOM H3/aky, Kao
1 JIMHK Ka T1aThopmu rie je Buneo Beh nocrapibeH.

VY nerenau ucnon miyctpauuja Tpeda objacHuTH cBe ckpahenuue, cumborne,
GpojeBe MIIH CJIOBA KOjH CE KOPHUCTE 3a 00jallbebe MOjeANHHX JeioBa CIHKe. Y
city4ajy rpadMKOHa IPenU3UpaTh IPUMEHhEeHe CTATUCTHYKE MeToze (0 noTpebH),
a kox ¢oTomMukporpaduje HaBeCTH jaeTabeé O BPCTH KopuurheHor Gojema
yBehamy.

Vkomnko ce npukasyjy ¢ororpapuje ocoba (6osecHuka), JIUK Mopa OUTH
,,3amyheH™ uin je motpe6Ho 06e30euTH nucany q03BoIy Jinna ca ¢potorpaduje 3a
BeHO KopHinheme. Ha npuio3nMa (CHUMIM peHAreHa, CKeHepa, yITpa3Byka, HTIL.)
MOTPeOHO je YKIOHUTH CBE INTO MOKE Jia HACHTH(HKYje GOoJIeCHHKa. YKOIHKO je
cnuka Beh Herze o0jaBibeHa MOTPEOHO je LUTHPATH HU3BOP y3 MHCAHO 0A00pEHE
aKo ce paju o 3amTrheHoM MaTepHjaiy.

CKPAREHHUIE

CkpaheHulne KOPUCTUTH caMO Kaja je HEONMXOAHO, U TO 3a BeOMa Jyrauke
Ha3MBE XEMHjCKHX je/IMIbCHa, OJHOCHO Ha3MBE KOjH Cy Kao ckpahenuue Beh
npeno3HatsbuBu (Hnp. JIHK). 3a cBaky ckpaheHuily, ocum CTaHIapIHe jeIUMHHULE
Mepe, HaBECTH ITyH Ha3HB IPH IIPBOM HaBohemwy y TeKCTy (YKJbydyjyhn anmcTpakr).
VY HacnoBy M ancrtpakty u3beraBatu Kopumhemwe ckpaheHuia, y HacioBy HX
KOPHMCTUTH CaMO aKO Cy HEONXOJHE. 3a I0jMOBE KOjU C€ Y TEKCTY IIOMHIbY BHUILE
OJ] TPU IyTa Ipenopydyje ce yBoheme oaroapajyhux ckpahennua.

JEIIUMAJIHU BPOJEBH

VY TeKCTy pajia Ha EHIVIECKOM je3HKY JeLuMaiHe OpojeBe MUCAaTH ca TauKoM
(amp. 22.7), a y TEKCTy Ha CPIICKOM je3uKy ca 3ape3om (ump. 22,7). Kax rox je o
Mmoryhe, 6poj 3a0KpyKHUTH Ha jeHy ACLMUMAIy M MHUCATH JOCICIHO KPO3 Le0 paj
(HIIp. aKo je jeaHa BpeJHOCT 32.2, cBe OCTalle MOpajy UMATH je/IHy ACLUMaIty, HIp.

32.0).
JEAUHUIIE MEPA

JlyXMHy, BHCHHY, TCKHHY WM 3alPEMHHY H3paKaBaTH y METPHUKUM
jennaumama (Metap — M, xuorpam (rpam) — Kg (), aurap — L) min muxoBuM
nenouma. Temmeparypy u3paxasatn y crenenuma llemsujyca (°C), mpurmcax
KpBH y MHIJINMETpUMa >XUBHHOT cTyba (mm Hg). Pesynrare kiIMHMYKHX H
OGUOXEMH]CKHX Meperha HAaBOAMTH Y METPHYKOM CHcTeMy mpema MehynapomHom
cucremy jenuuuua (Sl).

3AXBAJTHUIIA

Wsnetn pompuHoc ocobe Kojoj Tpeba oOmaTH mHpH3HAKE, ald Koja He
HCIybaBa KPUTEPHjyME 3a ayTOPCTBO. Haectn ¢unancujcky momoh
(CIIOH30PCTBA, CTUIICHN]E, OLIPEeMa U APYro), Ka0 U Ha3UB IIPOjEeKTa y OKBHDPY KOTa
j€ MCTPaKMBamE CIIPOBEJICHO.

CTATUCTHUYKA AHAJIU3A

v OEJbKY MCTOI[C JAC€TaJbHO OIHUCATH NPUMEHECHE CTATUCTUYKE METOAE KaKo
6u Owna omorylieHa npoBepa HWCIPABHOCTH HbUXOBE IPUMEHE W PEHpOIyKIHja
anamse. Pesynratn Mopajy OMTH HyMEpHYKH jaCHO TPHKa3aHH y3 oArosapajyhe
MoKa3aTesbe BapUjaOMIIHOCTH M IOY3JAHOCTH (HIOp. CTaHAApAHA JACBHjaLuja,
CTaHIap/Ha TPEIIKa, HHTEpBaJT r[osepe]—ba). ]'[peumnpaTu THUIT CTlePIjC " ornucaTu
HAuMH Ha KOjU je W3BeleHa. HaBecTw KpuTepHjyMe YK/bydera M HCKIbYYeHa.
Hapectn copTBep M Bep3Hjy KOMIyTEpPCKOT Iporpama y KOME je H3BpIICHA
cTaTUCTHYKa 00pana moaartaka. Y onesbKy Pesyntatu xao u y nereHpama tabena
W/MITM TIPHJIOTa HABECTH CTATHCTHYKH METOJ| KOjU je KopumheH 3a aHalusy
MPUKA3aHUX pe3yaraTa. BpeqHocTr P ce yBek MUIly ca MOYETHOM HyJIOM (HOp. p >
0.05 a me p > .05).

JIMTEPATYPA

Pedepeniie HymepucaTH peJHHM apalcKuM OpojeBMMa IIpeMa peaocieny
HaBohema y TekcTy (ykipyuyjyhu tabGene u snerenzne npuiora). [Ipenopydyje ce na
BehuHa nuTHpanux pagosa Oyae miaha ox gecet roauna. Ipenopyudyje ce 1a 6poj
LUUTUPAHUX OPHIMHAIHHX pajgoBa Oyne HajmMame 80% ox ykynHor Opoja
pedepenun, oxHOCHO Opoj UMTHPAHMX KEbUTA, [OIJIAB/ba Yy KibMramMa H
nperieHux wianaka Mamu on 20%. CBu panoBu, 6e3 003upa Ha je3UK M3BODA,
LIUTHpajy Ce Ha CHITIECKOM je3HKy, a M3BOPHH jE3UK HAaBOJM CE€ Y 3arpaiy, u3a
uutupade pedepenie.


https://www.nlm.nih.gov/mesh/meshhome.html

Page 198

VOJINOSANITETSKI PREGLED

Vol. 83, No. 3

CBU TIOZIAIM O IUTHPAHOj JIUTEPATypH MOpajy OMTH TauyHH, a IUTHPAHK
PazoBH JIAKO NMPHUCTYNAYHU YHTaoUMMa. Y3 cBaky pedepenuy Hasectu DOI 6poj.
Iperopyuyje ce uutHpame camMoO pagoBa 00jaB/bEHHX Yy YacONHCHMa KOje
unjekcupajy Current Contents, Index Medicus (Medline), Excerpta Medica,
Scopus, Web of Science.

Huje 103BOJbEHO LUTHpamE alCTpakaTa, CEKyHIApHUX IyOiukaiuja,
YCMEHHX CaOMIITeHa, HEO00jaB/beHHX pPafoBa, CIyKOCHHX M HOBEPJPHBHX
JloKyMeHaTa, Bukumeanje, npenpuut o6jaBa 1 in Press wiaHaka, MOBYYEHHX
pamosa (retracted article), pagoBa o0jaBibeHHX y IPEIATOPCKHM
JaCOINCHMA.

IpuInKOM LUTHpasa CajToBa, HE MOXE Ce LIUTHPATH HACIOBHA cTpaHa Beh
ce MOpa LIUTHPATH OHa CTpaHa ca Koje je mHpopmanuja npeysera. CBaka HaBejeHa
pedeperna Mopa GuTH gocTymHa 3a mposepy online. Ykommko pedepenna He
[IOCTOjU HA MHTEPHETY (HIIP. apXHBCKHM MATEPHjal U CIL.), ayTOp MOpa Ja JOCTaBH
M3BOp OJIaKJIe je NpEey3eo LHUTHPAHY JUTEPaTypy OJHOCHO MOXE CIMKATH HIIH
CKEeHHpATH IOKyMEHT U nocnaru Ha e-meji: strliteratura@gmail.com.

Pedepennie ce muTHpajy mpemMa BaHKyBepcKOM CTHIy KOjH je YCIIOCTAaBHO
ICMJE (https://connect.ebsco.com/s/article/Citing-Articles-in-Vancouver-ICMJE-
Style?language=en_US).

Ipumepu nuTHpama:

Ynanax ca 1 00 6 aymopa

Nikolié¢ A, Bioc¢anin V, Ranci¢ N, DuSpara M, Puri¢ D. Serbian translation
and validation of the SF-36 for the assessment of quality of life in patients with
diagnosed arterial hypertension. EABR Exp Appl Biomed Res 2023; 24(3): 227-
34. DOI: 10.2478/sjecr-2020-0073

Ynanak ca euwe 00 6 aymopa

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et
al. Clinical Practice Guideline for Diagnostic Testing for Adult Obstructive Sleep
Apnea: An American Academy of Sleep Medicine Clinical Practice Guideline. J
Clin Sleep Med 2017; 13(3): 479-504. DOI: 10.5664/jcsm.6506

B OJIYMEH Ca CYn1eMeHmom

Smith JA, Brown LM. Effects of vitamin D on immune response. J Nutr Sci
2024; 15(Suppl 2): S45-53.

Ceecka ca CYynj1eMeHmom

Zhou Q, Shi R, Kopjar B, Wang H, Chen D, Li H, et al. Adjacent
Intervertebral Disc Changes in Patients with Isobar Semirigid Dynamic
Stabilization System. Global Spine J 2017; 4(1 Suppl): s-0034-1376699.

Bonymen ca oenom (Pt)

Ozben T, Nacitarhan S, Tuncer N. Plasma and urine sialic acid in non-insulin
dependent diabetes mellitus. Ann Clin Biochem 1995; 32(Pt 3): 303-6.

Cesecka ca denom

Poole GH, Mills SM. One hundred consecutive cases of flap lacerations of the
leg in ageing patients. N Z Med J 1994; 107(986 Pt 1): 377-8.

Ceecka 6e3 eonymena

Turan I, Wredmark T, Fellander-Tsai L. Arthroscopic ankle arthrodesis in
rheumatoid arthritis. Clin Orthop 1995; (320): 110-4.

be3 6onymena u ceecke

Browell DA, Lennard TW. Immunologic status of the cancer patient and the
effects of blood transfusion on antitumor responses. Curr Opin Gen Surg 1993:
325-33.

Ila quja pumckum opojesuma

Fisher GA, Sikic BI. Drug resistance in clinical oncology and hematology.
Introduction. Hematol Oncol Clin North Am 1995; 9(2): xi—xii.

Kmwuza
LImamnana xrouea

Ritter JM, Flower RJ, Henderson G, Loke YK, MacEwan D, Robinson E, et
al. Rang & Dale's Pharmacology. 10th ed. London: Elsevier; 2023. p. 3630.

Kruea y enexmponckom gopmamy

Shreeve DF. Reactive attachment disorder: a case-based approach [Internet].
New York: Springer; 2012 [cited 2012 Nov 2]. 85 p. Available from:
http://dx.doi.org/10.1007/978-1-4614-1647-0

Iloznasmwe

V eoumosanoj krouzu

Metcalf CS, Smith MD, Wilcox KS. Pharmacotherapy of the Epilepsies. In:
Brunton LL, Knollmann BC, editors. Goodman & Gilman’s The pharmacological
basis of therapeutics. 14th ed. NY: McGrawHill; 2023. p. 385-411.

V eoumosanoj enexmponckoj (online) krousu

Halpen-Felsher BL, Morrell HE. Preventing and reducing tobacco use.
In: Berlan ED, Bravender T, editors. Adolescent medicine today: a guide to
caring for the adolescent patient [Internet]. Singapore: World Scientific

Publishing Co.; 2012 [cited 2012 Nov 3]. Chapter 18. Available from:
http://www.worldscientific.com/doi/pdf/10.1142/9789814324496_0018

Beo cmpanuya
Hnmepnem cmpanuya

Diabetes Australia. Diabetes globally [Internet]. Canberra ACT: Diabetes
Awstralia; 2012 [updated 2012 June 15; cited 2012 Nov 2]. 85 p. Available from:
http://www.diabetesaustralia.com.au/en/Understanding-Diabetes/Diabetes-Globally/

Meo unmepnem cmpanuye

Australian Medical Association [Internet]. Barton ACT: AMA; ¢1995-2012. Junior
doctors and medical students call for urgent solution to medical training crisis;
2012 Oct 22 [cited 2012 Nov 2]; [about 3 screens]. Available from:
https://ama.com.au/media/junior-doctors-and-medical-students-call-urgent-solution-
medical-training-crisis

36opnuk padosa ca konzpeca
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