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1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasou €wiaHoBa CpIICKOT JIeKapCKOT pYIITBa,
TIPETIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBbyjy ce: YBOJHMIIN, OPUTMHAIHY PajIOBH, IPETXOHA U KpaTka ca-
OINIITEH:A, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BULIeO-WIAHIIN, CTIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PaJIOBM 3a IIPAKCY, PajIOBY U3
MCTOpYje MeUIIMHE Y je3VKa MeMIINHE, MeIUIIMHCKE eTVKE VI Pery/aTOPHUX
CTaHJAp/la Y MeMIMHY, U3BEIITaj) ca KOHIPeca M Hay4YHMX CKYIIOBA, TINMYHY
CTaBOBMU, HAPYYEHY KOMEHTAPU, MICMa YPEJHUKY, IIPUKA3U KIbUTA, CTPyYHE
BeCTU, In memoriam u gpyru Npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
IIe/IOKYITHO IEKapCTBO He MOTY Jia e IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyTuM MecTuMa. PasioBy He cmejy ia Oy/ly peTXOHO MTaM-
TIaHM Ha IPYTUM MeCTUMa (IeMMIIHO M/ Y OTIIYHOCTH).

ITpucnenn pykoruc Ypehusauku o6op 1mame perieH3eHTIIMA pajiyt CTPYYHe
nporieHe. YKONMMKO pelleH3eHTH TIPefioyKe M3MeHe VI JIONyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONOOM JIa YHece TpakeHe M3MeHe Y TeKCT pajia W/
Jla apryMEeHTOBaHO 00Pas/IOKIL CBOje Hec/arame ¢ mpuMes6amMa pelieHseHTa.
Konauny ofryKy o mpuxBaramy pajia 3a IITaMITy JJOHOCH IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe pajiose ce He ucmahyje XoHOpap, a ayTOpcKa Mpasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomucu u npunosu ce e Bpahajy. 3a penpopykuujy mim
MIOHOBHO 00jaB/blBatbe HEKOT CeTMEHTa pajia MyO/MMKoBaHor y ,,Cprickom ap-
XVBY HEOIXOJHA je CAIJIACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>kKajeM Ha eH-
I7IecKOM 1 cprickoM jesuky (hupwmia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U eHITIECKOM je3UKY.

AyTOpM MpyUXBaTajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYTIHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0oipa3 Muljberba CpIICKOT leKapcKor ApyiTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HAyYHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy pe Hero LITO je KOPUCTE UK Ce Ha by OC/Iabajy.
CpIIcKO JTIeKapCKo APYLITBO, ypeaHuK uin Ypehusauku ogbop ,,Cprckor ap-
XUBa 32 L[e/IOKYITHO IEKAPCTBO He IPMUXBATajy 61110 KaKBY OATOBOPHOCT 32
HaBOJie y pajioByMa. PekaMHn matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MeMIIMHCKMM) ¥ TIPAaBHUM CTaHAapAuMa. PekTaMHU MaTepujan yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBAaTUTET WM BPEJHOCT OT/IAIIeHOT TPOM3BO/aA,
OJJHOCHO TBpJjtbe pou3Bohaya.

ITopHeceHM PYKOIIVC IIOIPa3yMeBa Jia je HheroBo Iy0mKoBame ofo6puo
OJITOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBame 06aB/beHo. VsmaBay
ce Hehie cMaTpaTy MPaBHO OJATOBOPHYM Y C/Ty4ajy HOHOLIEHa 61110 KaKBOT
3axTeBa 3a KoMiensanujy. Tpeba fa ce HaBey CBM U3BOPM UHAHCHPaAHbA Pajia.

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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The submitted manuscripts are forwarded by the Editorial Board to reviewers
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by the Editor-in-Chief.
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are required to assign copyright of their papers to the publisher. Manuscripts
and enclosures shall not be returned to the authors. Reproduction or repeated
publication of any section of the manuscript already published in the “Serbian
Archives” requires the publisher’s approval.

The articles are printed in the English language with an abstract both in
English and Serbian, or in the Serbian language, Cyrillic alphabet, with an ab-
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Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
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or Editorial Board of the Serbian Archives of Medicine do not accept any re-
sponsibility for the statements in the articles. Advertising material is expected
to conform to ethical (medical) and legal standards. Inclusion of advertising
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SUMMARY

Introduction/Objective Previous investigations pointed to a notable frequency of periodontitis ap-
pearance in persons with mental disorders, but almost none of them were addressed to the periodon-
titis among young adults with mental disorders as a target group, which can have high public health
significance. Therefore, the aim of this investigation was to estimate the prevalence of periodontitis
among young adults suffering mental disorders and to determine probable risk factors for their overall
periodontal health.

Methods The investigation included two groups of patients, each group having 81 participants-the study
group (young adults with mental disorders) and the control group (mentally healthy young adults). The
study instruments included a questionnaire (age, gender, psychoactive substances use, and maintaining
oral hygiene) and community periodontal index for both groups, and the data concerning primary disease
of mentally deceased patients (diagnostic category, mental disorder duration, number of hospitalizations,
and psychotropic medications).

Results In terms of psychoactive substances use and maintaining oral hygiene, statistically significant
differences were observed between groups in all independent variables. Young adults with mental dis-
orders shown a high prevalence of periodontitis compared to the mentally healthy young adults. Also,
gender, smoking habits, and the use of antipsychotics exhibited as possible risk factors contributing
current periodontal health of young mentally deceased patients.

Conclusion This study indicates the need for more consideration for periodontal health among people
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with mental disorders and determination of potential models for its improvement.
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INTRODUCTION

Periodontitis is a microbe-induced oral disease,
characterized by inflammation of periodontal
tissues, which may provoke tooth loss and sig-
nificantly lower quality of life [1, 2]. Although
immunological processes are Table crucial for
initiation and progression of periodontitis, pre-
vious studies have shown that they are influ-
enced by several risk factors, such as smoking
habit, alcohol beverage consumption, poor oral
hygiene, use of different medications on daily
basis, hormonal changes, as well as stress and
psychic factors [3, 4]. However, periodontitis
can be preventable and treatable if appropriate
and timely management is undertaken, espe-
cially for modifiable risk factors [3].

Young adulthood is a specific developmental
period of human life, which occurs between
the ages of 18 and 25 years [4]. This period
of life comes after adolescence and it is very
important because of a significant increase of
depression, anxiety, self-harming traits, and
eating disorders, including first episodes of
more severe mental disorders, such as psychosis

and personality disorders [5]. It is assumed that
almost 75% of adults with a diagnosed mental
health problem will manifest first symptoms
of altered mental health by the age of 24 [5].
Therefore, altered mental health represents
a prominent burden for this age group and
should represent a priority for health improve-
ment [5]. In addition, a numerous modifiable
risk factors, such as psychoactive substance
use (alcohol beverage consumption, smoking,
cannabis consumption, etc.), starts during this
period of life [6, 7].

Previous studies have shown a high preva-
lence of the two most common oral diseases in
population of people with mental disorders -
dental caries and periodontitis [8, 9, 10]; how-
ever, almost none of them were addressed to
periodontitis among young adults with mental
disorders as a target group, which can have high
public health significance. Therefore, the aim
of this investigation was to estimate the preva-
lence of periodontitis among young adults with
mental disorders and to determine possible risk
factors for their overall periodontal health.
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METHODS

This observational, epidemiological, and cross-sectional
study was conducted at the Dr. Laza Lazarevi¢ Clinic for
Mental Disorders in Belgrade and Vra¢ar Community
Health Center in Belgrade. It was adjusted to the statement
“Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE),” designed to improve quality
of observational studies [11], and conducted according
to Declaration of Helsinki [12]. The study was approved
by the Ethics Committee of the Dr. Laza Lazarevi¢ Clinic
for Mental Disorders (No. 2878) and an approval from
the director of Vracar Community Health Center (No.
02/900). Before participation in the investigation, all the
participants signed the informed consent form before par-
ticipating in any part of the study.

Two groups of patients were created, both compris-
ing 81 randomly selected young adults. The study group
comprised young adults with mental disorders (46 males
and 35 females, mean age 21.8 * 3.6 years), hospitalized
at the Dr. Laza Lazarevi¢ Clinic for Mental Disorders in
Belgrade (“bias-coin” randomization). The inclusion cri-
teria for entering the study were: patients’ age (between 18
and 25 years), suffering from mental disorder according
to the 10th Revision of the International Classification of
Diseases (ICD-10) diagnosed at least two years prior to
this investigation. The exclusion criteria were: the patients
younger than 18 or older than 25 years, diagnosed with
mental disorders in a period shorter than two years prior
to the investigation, simultaneous presence of severe so-
matic illnesses or severe disability, and inability/refusal
to cooperate. The control group, also, comprised 81 ran-
domly chosen young adults, age and gender-matched with
study group of patients (42 males and 39 females, mean
age 22.8 + 2.6 years). They were suffering from dental
caries, without any mental or somatic disorders or condi-
tions. These patients were recruited from patients visiting
Vra¢ar Community Health Center in Belgrade for caries
treatment. The control group of patients did not use any
medication that could affect oral or mental health [13].

A special type of questionnaire was designed for both
groups in order to note socio-demographic data (gender
and age), oral health habits (maintaining oral hygiene,
tooth brushing technique), and psychoactive substances
use (smoking habits and consuming alcohol beverages).
The data about mental disorder of the study group pa-
tients were taken from the medical records and included
the type of mental disorder (according to the ICD-10),
duration of medical disorder, number of hospitalizations
and current psychotropic medication. All patients were
subjected to the thorough dental clinical examination ac-
cording to the World Health Organization (WHO) cri-
teria [14]. The clinical examinations were carried out by
two trained examiners at the Dr. Laza Lazarevi¢ Clinic
for Mental Disorders and the Vrac¢ar Health Center in
Belgrade, Serbia. The examiners were calibrated twice, by
assessing the Community Periodontal Index (CPI) [14],
before and during the study, with a degree of agreement
being + 1 mm of 94%. The clinical measurements were
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performed by using the periodontal probe graded in mm
(WHO-621 Trinity probe) on the sextants, scoring on the
scale from 0 to 4. All the teeth were examined in each sex-
tant, and only the highest value for each sextant was noted.

All collected data were organized and evaluated using
the dedicated software IBM SPSS Statistics for Windows,
Version 21.0. (IBM Corp., Armonk, NY, USA) and were
analyzed by the descriptive statistical parameters, methods
for testing the hypothesis and regression models (uni- and
multivariate linear regression analysis). The descriptive
statistical methods were represented by the measures of
central tendency (mean and median), measure of vari-
ability (standard deviation and variation interval) and
were expressed in percentages. The methods for testing
the difference of numerical data were represented by the
Kruskal-Wallis test and Mann—-Whitney test. For testing
the data of different categories (gender, smoking habits,
drinking alcohol beverages, maintaining of oral hygiene,
tooth brushing technique, etc.), the x*-test was used. The
level of significance was set at p < 0.05.

RESULTS

The use of psychoactive substances and oral hygiene habits
among both groups of patients are presented in Table 1.
A statistically significant difference between groups was
observed in terms of all independent variables (Table 1).
Most of the study group patients were smokers (72.8%),
alcohol beverages consumers (66.7%), with maintaining
oral hygiene several times per month or once a day (55.6%)
and with incorrect technique of tooth brushing (76%). On
the contrary, most of the control group patients were non-
smokers (80%), non-users of alcohol beverages (82.7%),
with maintaining oral hygiene twice a day or more times
per day and with correct technique of tooth brushing
(Table 1).

Table 1. The use of psychoactive substances and oral hygiene habits
among the investigated groups

Independent variables Obtained values p
Study | Control | (X test/Man-
group | group Whitney test)
n (%) n (%)

Smoking habits:

yes 59(72.8) | 15 (20.0) 0.000*

no 22 (27.2) | 66 (80.0)

Drinking alcoholic beverages:

yes 54 (66.7) | 8(17.3) 0.000*

no 27(33.3) | 73(82.7)

Maintaining oral hygiene:

no 19(23.5)| 0(0.0)

yes, several times per month |45 (55.6) | 7 (8.6 0.000*

oronce a day ’

yes, twice a day or more

times per day 17 (20.9) | 74 (91.4)

Demonstrating tooth

brushing technique: "

correct 18 (24.0) | 65 (80.2) 0.000

incorrect 63 (76.0) | 16 (19.8)

n (%) - number (percentage); p - significance; * - statistically significant
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Concerning mental disorders, most of the study group
patients were diagnosed to be F, -F, or schizophrenia,
schizotypal, and delusional disorder, and F, ~F, or mood/
affective disorders (Table 2). Mean value of duration of
mental disorders among the study group patients was ap-
proximately six years, and they were treated with several
psychotropic medications, mostly antipsychotics, anxiolyt-
ics and mood stabilizers (Table 2).

Statistically significant differences between groups were
also observed in terms of mean value of CPI (Table 3). The
study group patients had more than twice higher mean
value of this periodontal index (1.6 + 0.7) than the control
group patients (0.7 £ 0.5). The patients in the study group
had gingival bleeding more often (30.1%) than the con-
trol group patients, who had healthy periodontal ligament
(PDL) more frequently (48%). Moreover, the periodontal
pockets were detected 21.9% in the study group patients,
while only in 4% of the control group patients had this
pathological finding (Table 3).

Table 2. Medical data of the study group patients

Independent variables Ot;talned el
tudy group
Diagnostic category (ICD-10), n (%)
F20-F29 42 (51.9)
F30-F39 18(22.2)
F40-F49 2(2.5)
F50-F59 3(3.7)
F60-F69 3(3.7)
F70-F79 1(1.2)
F90-F98 12 (14.8)
Duration of mental disorder per patient
X + SD; Med (min-max) 5.8+3.6;5(0-9)
Psychotropic medication per patient
X + SD; Med (min-max) 42+1.7;3(1-5)
Antipsychotics, n (%) 78 (96.3)
Antidepressants, n (%) 21 (25.9)
Anxiolytics, n (%) 63 (77.8)
Hypnotics, n (%) 41 (50.6)
Mood stabilizers, n (%) 57 (70.3)
Anticholinergics, n (%) 9(11.1)

n (%) - number (percentage); X - mean value; SD - standard deviation;
Med - median

Table 3. Community periodontal index values of both groups of pa-
tients

Obtained values

X + SD; Community Periodontal
EHELE Med Index codes, n (%)
(min-max) | 0 1 2 3 4
Study group 1.6+0.7; 15 23 21 11 |5(6.7)
1.5 (0-4) (20) | (30.1) | (28) | (15.2)

0.7 £0.5; 36 24 12 3(4) | 0(0)
1(0-3) (48) | (32) | (16)

Control group

p
(x? test / Man— 0.000* 0.000*

Whitney test)

X - mean value; SD - standard deviation; Med - median; p - significance;
* — statistically significant

Analyzing the values of the CPI in relation to the psy-
choactive substances use and oral hygiene habits in both
groups, a statistically significant difference in the study
group patients was observed in terms of smoking habits,
maintaining oral hygiene and tooth brushing technique

‘ DOI: https://doi.org/10.2298/SARH231010023D
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(Table 4). The highest values of the CPI were registered
among smokers, those who brushed their teeth several
times per month or once a day and those who use an incor-
rect technique of tooth brushing. Similarly, in the control
group of patients, a statistically significant difference in
the CPI values was observed in terms of maintaining oral
hygiene and tooth brushing technique (Table 4). In addi-
tion, mentally healthy patients who brushed their teeth
several times per month or once a day and those who used
an incorrect technique of tooth brushing had highest val-
ues of the CPL

In terms of psychotropic medications of the study group
patients, statistically significant differences in the values of
the CPI among the study group patients were observed in
terms of using antipsychotics and anticholinergics (Table 5).
The highest values of the CPI were observed among those
who use antipsychotics and those who use anticholinergics.

The impact of psychoactive substances, oral health
habits, and characteristics of the primary disease, the CPI
values among the study group patients were examined by
the linear regression model (Table 6). In univariate regres-
sion model, statistically significant factors in terms of the
CPI value among the study group patients were gender,
smoking habits, drinking of alcohol beverages, maintain-
ing of oral hygiene, tooth brushing technique, the use of
antipsychotics and anticholinergics (Table 6). However,
multivariate regression model showed that only gender,
smoking habits and the use of antipsychotics were statisti-
cally significant factors that contributed to the value of the
CPI among the study group patients.

DISCUSSION

The main objective of the current investigation was to es-
timate the prevalence of periodontitis among young adults
with mental disorders. In addition, this study also defined
the possible risk factors that may contribute to the cur-
rent periodontal health among this group of people with
mental disorders. The principal finding of this study was a
high prevalence of periodontitis among young adults with
mental disorder compared to the mentally healthy young
adults. Also, this study showed that the gender, smoking
habits, and the use of antipsychotics are possible risk fac-
tors that may contribute to the current periodontal health
of young adults with mental disorders.

According to the current study, most of patients of the
study group were smokers (72.8%) and alcohol beverages
consumers (66.7%) which are known to be risk factors
for xerostomia and salivary gland hypofunction [15, 16].
Smoking is recognized as the most relevant risk factor for
periodontitis, because it evokes different responses in oral
microcirculation, highlighting the importance of many
toxic substances beside nicotine [17]. In addition, a study
from 2019 reveals that smoking in a period of late ado-
lescence is relevant risk factor for periodontitis in young
adulthood [18]. On the other hand, chronic alcohol con-
sumption may increase the severity of periodontitis due
to lower local inflammatory response and higher level of

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):124-129



Periodontitis and young adults with mental disorders

Table 4. Community periodontal index values among both groups of patients in terms of using psychoactive substances and oral hygiene habits

Obtained values of Community Periodontal Index

Independents variables Study group Control group

X+SD p (Kruskal-Wallis / Man-Whitney test) X+SD p (Man-Whitney test)
Smoking habits:
yes 2.05+0.23 0.72+£0.85
no 1.15+1.38 0.001* 0.93 £0.96 0.414
Drinking of alcoholic beverages:
yes 1.45+1.06 0.79+0.89
no 1.66 £ 1.24 0.512 0.62+£0.77 0.570
Maintaining oral hygiene: 0.003*
no 2.14+0.08 (1:2) 0.731 n/a 0.000%
yes, several times per month oronceaday | 1.78+1.26 (2:3) 0.045* 1.28 +0.19 :
yes, twice a day or more times per day 1.12+0.49 (1:3) 0.002*% 0.12 +0.09
Demonstrating tooth brushing technique:
correct 117 £1.56 0.012* 0.26 £ 0.41 0.000*
incorrect 2.01+£0.41 ) 1.13+0.83

X - mean value; SD - standard deviation; p - significance; * - statistically significant

Table 5. Community periodontal index values among the study group
patients, in terms of psychotropic medications

Obtained values of Community
Indgpendent Periodontal Index
variables -
X+SD p (Mann-Whitney test)
Antipsychotics:
no 1.07£1.14 0.001*
yes 2.12+0.76
Antidepressants:
no 1.67 +1.39 0.536
yes 1.56 + 1.61
Anxiolytics:
no 1.40+£1.23 0.058
yes 1.82+£1.01
Hypnotics:
no 1.75+£0.97 0.729
yes 1.61£0.79
Mood stabilizers:
no 1.58 +1.32 0.067
yes 1.81£1.02
Anticholinergics:
no 1.15+£1.78 0.043*
yes 221046

127

Table 6. Community periodontal index among the study group patients ex-

amined by linear regression model

Univariate linear | Multivariate linear

Independent variables regression analysis | regression analysis

B (95%Cl) p B (95%Cl) p
Gender 0.222 0.004* 0.519 0.032*
Age -0.011 0.721 / /
Smoking habits 0.518 0.004* 0.098 0.016*
Drinking of alcohol beverages | 0.410 0.026* | -0.098 0.314
Maintaining of oral hygiene -0.108 | 0.018* 0.116 0.315
Tooth brushing technique 0.160 0.032* 0.346 0.455
Diagnostic category 0.006 0.150 n/a n/a
Duration of mental disorder 0.164 0.139 n/a n/a
Psychotropic medication -0.049 0.768 n/a n/a
Antipsychotics 0.138 0.002* 1.024 0.021*
Antidepressants 0.188 0.490 n/a n/a
Anxiolytics -0.490 0.098 n/a n/a
Hypnotics 0.233 0.399 n/a n/a
Mood stabilizers 0.064 0.822 n/a n/a
Anticholinergics -0.243 | 0.050* | -0.449 0.421

X - mean value; SD - standard deviation; p - significance;
* — statistically significant

alveolar bone resorption [19]. Also, in our study mostly of
the study group patients were diagnosed as schizophrenia
schizotypal, and delusional disorders (51.9%), with a mean
value of duration of mental disorder per patient 5.8 + 3.6
years and mean value of psychotropic medications per pa-
tient 4.2 + 1.7 (mostly antipsychotics, anxiolytics and mood
stabilizers). Hu KH et al. [20] concluded that younger per-
sons with newly diagnosed schizophrenia, female gender
and exposure to the antipsychotics were independent risk
factors for periodontitis. In addition, hypo-salivation as
an adverse effect of first generation of antipsychotics was
associated with an increased risk for periodontitis [20].
Skallevold et al. [21] in their review from 2023 conclude
that the mutual relationship of oral health and mental disor-
ders, among others, dysregulates microbiome, translocated
bacteria, and systemic inflammation.

The periodontal index used in this study was the CPI,
recommended by the WHO [14]. According to the studies
based on critical review of periodontal indices, the CPI
represents a modification of former CPI and treatment
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p - significance; #B — unstandardized Coefficient B; * — statistically significant

needs, which is one of the most common used diag-
nostic tools in epidemiological types of studies [22, 23].
Modification is done by eliminating “treatment needs”
and including loss of attachment category, which avoid
the false scoring of pseudo periodontal pockets [22, 23].
The mean value of the CPI in current study was over two
times higher in the study group of patients compared to
the control group (1.6 £ 0.7 vs. 0.7 £ 0.5), with 21.9% of
them with registered periodontal pockets (15.2% of shal-
low periodontal pockets and 5.7% of deep periodontal
pockets). Additionally, only 20% of young adults with
mental disorders had a healthy PDL. The most common
tinding among young adults with mental disorders was a
gingival bleeding (30.1%), in contrast to the healthy PDL,
which was observed in almost 50% of mentally healthy
young adults. These findings are in correlation with pre-
vious studies [10, 23]. A meta-analysis of the association
between periodontitis and severe mental illnesses from
2022 shows that severity of mental disorder is associated
with an increased prevalence of periodontitis compared
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to general population [10]. According to these findings,
Amedari et al. [24] showed that outpatients with mental
disorders in most cases had gingival bleeding. An aver-
age of almost three teeth in each outpatient with mental
disorder was associated with gingival bleeding compared
to the average of less than one tooth in the control group
[23]. Gingival bleeding is considered a symptom of gingival
inflammatory process, and it, if untreated, can progress to
periodontitis [24]. The main reason for gingival bleeding is
the absence of oral hygiene habits and/or inadequate tooth
brushing technique [25]. This can explain our results in
terms of high values of the CPI among young adults with
mental disorders who do not maintain oral hygiene and
those who maintain oral hygiene but with inadequate tooth
brushing technique. In addition, 23.5% of the study group
patients did not maintain oral hygiene at all. Also, 76% of
the study group patients demonstrated inadequate tooth
brushing technique. It is known that absence of oral hy-
giene and inadequate oral health technique are associated
with an increased level of periodontitis, mostly because of
higher accumulation of dental plaque [26].

This study reveals that the gender, age, current smoking
habit and the use of antipsychotics are possible predictors
for periodontitis among young adults with mental disor-
ders. In addition, a higher values of the CPI were regis-
tered among young males compared to females, smokers
compared to the non-smokers and those who have anti-
psychotics in their daily therapy compared to the patients
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CONCLUSION

This investigation reveals a high prevalence of periodon-
titis among young adults with mental disorder and that
the gender, smoking habits and the use of antipsychotics
exhibited as possible risk factors that may contribute to
the current periodontal health of this subgroup of young
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MpeBaneHuMja NAPOAOHTUTUCA KOA MAAAUX OAPACANX 0c06a Ca MEHTAIHUM

nopemehajuma

BnapaH Hophesuh'? aHnjena Cranetouh?®, Emunuja HoakoBuh'3, 3opaH Apcuh?, Pactko ViBkoBuh?, Mommup CreBaHoBuh?,
MBaHa Craweswuh-Kapanunh'?, [parat MapjaHosuh?, TatjaHa HoBakoBuh?

'KnuHnka 3a ncuxujatpujcke 6onectu, [p Nlasa Nlazapesuh’, beorpag, Cpbuja;

*YHneep3uTeT y TpaBHUKY, DapmaLeyTcko-3apaBcTBeHn dakynteT, TpaBHuK, Depgepalimja bocHe 1 XepueroBuHe, bocHa 1 XepLierouHa;
YHuBep3auTeT y MpuwtnHm - Kocoscka Mutposuua, MegnumHckn dakynter, Kocoscka Mutposuua, Cpbuja;

*YHusep3utet y Kparyjesuy, Oakyntet MeanLumMHCKIX HayKa, Kparyjesa, Cpbuja

CAMETAK

YBopa/Lwn MNpeTxogHo cnpoBefeHe CTyAvje Nokasasne Cy BUCO-
Ky npeBaneHuyjy napojoHTUTCa Kog 0coba ca MeHTaHAM Mo-
pemehajuma, anv CKopo HujeHa o hUX Huje 6rna ycmepeHa Ha
MapofoHTUTVC Mehy MAaAM OAPacIUM 0cobama Cca MEHTANTHM
nopemehajrMa Kao LinSbHOM FpyrnoM, LUTO MOXKe MMaTH BEJTUKM
3Hauyaj 3a jaBHO 3apaBsbe. CTora je Lnsb OBOr UCTPaXmBatba 61o
[la Ce ofpeae nNpeBaneHLyja MapoAOHTUTICA KOA MIaANX OApa-
cnux ocoba ca MeHTanHUM nopemehajrma n moryhm dpaktopm
pV31Ka 3a UXOBO OMLUTE NAPOAOHTANIHO 3APaB/be.

MeTtopge VictpaxunBare je 06yxBaTuio ABe rpyne ucnutaHmka
cano 81 naumjeHToM y CBaKoj rpynu — CTyamjcky rpyny (mnage
ofpacne ocobe ca MeHTanHUM nopemehajuma) n KOHTPONHY
rpyny (MeHTanHo 3gpaBe miage ogpacie ocobe). HCTpyMeHTH
KopuwheHm y ucTpaxkmnBarby Cy 6unm ynuTHUK (CTapocT, non,
ynoTtpeba NcUxX0aKTUBHMUX CYyNCTaHLW 1 OfPXKaBatbe opanHe
XUTUjeHe) 1 MApOAOHTaHY UHAEKC 3ajeHuLie 3a 06e rpyre, Kao
1 noAauy o NnpuMapHoj 6onecTu NCNUTaHKa CTyamnjcke rpyne
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(AnjarHocTnuka KaTeropuja, Tpajatbe MeHTanHor nopemehaja,
6poj xocnuTanum3awmja U NCUXOTPOMHY NIEKOBK).

PesynTtaTtm Y nornepy Kopuiwhera ncvxoakTMBHUX CYNncTaH-
LM 1 ofp>KaBarba OpasiHe XurujeHe youeHe Cy CTaTUCTUYKM
3HayvajHe pasnuke n3mehy NCNUTaHUKA Y CBUM HE3aBUCHUM
Bapujabnama. Mnage ogpacie ocobe ca MeHTaIHAM nopeme-
hajma nokasane cy BUCOKY NpeBaneHLmjy NapofoHTUTHCA Y
nopehety ca MEHTasHO 34PaBVM MIALVM OAPACIM ocobama.
Takofhe, mon, nylayke HaBuKe 1 Kopuwhere aHTUMNCUXOTUKA
rokasanu cy ce Kao Moryhu ¢pakTopm pr3mka Koju gonpuHoce
noctojehem cTarby MapofOHTaNHOT 3APaBIba MITaAVX OAPAC/NX
ocoba ca MeHTanHUM nopemehajruma.

3aksbyuak OBO MCTpaXMBame yKasyje Ha NoTpeby 3a Aarbum
UCTPaXKMBarMa NapoAoHTaHOT 3ApaB/ba 0coba ca MeHTan-
HVM nopemehajuma 1 ogpehusarmem Moryhrx mogena 3a re-
roBo no6osbluarbe.

KrbyuHe peun: napofoHTUTUC; NpeBaneHLyja; Miage ogpacre
ocobe; MeHTanHu nopemehaju
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Effects of metformin and its combinations with
other repurposed drugs on fibrosarcoma in hamsters
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SUMMARY

Introduction/Objective Many drugs registered for various other indications can act selectively on tumor
receptors, signaling pathways, metabolic processes, bioenergetic factors, enzymes, proteins and genes
that regulate tumor proliferation, apoptosis, and neoangiogenesis without affecting these activities
in healthy cells. Introduction of new drugs is a very long, complex, and expensive process of research.
Detecting an anticancer effect in drugs already registered for other indications and forming their com-
binations may directly reduce the time and cost of such research.

Methods Anticancer efficacy of metformin and its combinations with caffeine, itraconazole and nitroglyc-
erin was tested on fibrosarcoma experimentally induced by BHK21/C13 cells in Syrian golden hamsters
(six animals per group, randomly allocated to control and experimental groups, doses equivalent to usual
human doses). After animal sacrifice, tumors were excised and their size, biophysical characteristics,
histology, and immunohistochemistry were assessed. Blood samples were collected for hematological
and biochemical analyses and the main organs were toxicologically analyzed. Statistical significance was
determined by one-way ANOVA followed by the Student-Newman-Keuls post hoc test.

Results Two-drug combinations of metformin with caffeine or itraconazole or nitroglycerin showed
significant antitumor effects on hamster fibrosarcoma compared to control, regarding all tested tumor
parameters (p < 0.05) without toxicity.

Conclusion Administration of metformin in combination with caffeine or itraconazole or nitroglycerin
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might be an effective and safe approach in novel nontoxic adjuvant anticancer treatment.
Keywords: metformin; caffeine; itraconazole; nitroglycerin; hamsters; fibrosarcoma

INTRODUCTION

Metformin activates 5’ AMP-activated protein
kinase (AMPK), which reduces mammalian
target of rapamycin (mTOR) complex 1 sig-
naling, inhibits nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-xB),
protein synthesis, and cancer cell proliferation
[1]. Metformin inhibits glycolytic capacity
and mitochondrial respiration in lymphocytic
leukemia cells in vitro [2]. AMPK activation
and glucose metabolism reduction negatively
regulate Warburg effect (aerobic glycolysis - tu-
mor cells preferentially use glucose rather than
oxidation for energy production) and inhibit
tumor progression [2]. Also, suppression of
the Warburg effect in cancer cells by metfor-
min decreases aerobic glycolysis and promotes
oxidative phosphorylation, making cancer cells
vulnerable to chemotherapy. Metformin inter-
acts with respiratory electron transport chain
in mitochondria to cause reactive oxygen spe-
cies (ROS) production and oxidative stress [1].
Metformin therapy is also connected with both
cyanocobalamin and folic acid deficiencies in
patients with diabetes [3].

Caffeine induces apoptosis in many human
tumor cells (lung, pancreatic, leukemia) in vitro
[4]. Caffeine enhances tumor cells susceptibility

to antineoplastic drugs and radiotherapy [5].
An important finding was that caffeine in-
creased antifolate activity of pemetrexed in the
various mesothelioma cell lines [6].

Itraconazole exhibits significant anticancer
effects in different cancer tissues in vitro via
suppression of the following: AMPK/mTOR
pathway, neoangiogenesis, folic acid activity
and autophagy [7, 8], Hedgehog signaling [9],
P-glycoprotein (P-gp), and cholesterol trans-
portation [7]. Itraconazole also induces che-
mosensitization [7]. Itraconazole, as ergosterol
biosynthesis inhibitor, showed synergy with an-
tifolates [8]. In addition to antifolate activity,
the published studies have shown that itracon-
azole, as metformin, activates AMPK and thus
downstream inhibits mTOR, protein synthesis,
cell growth, proliferation, and stimulates apop-
tosis [9].

Nitroglycerin acts through the liberation
of nitric oxide (NO) in the tissues. NO may
modify cancer tissue metabolism by modulat-
ing the Warburg effect in oncological treatment
[10]. NO donors are especially useful as chemo-
therapeutic and radio-therapeutic sensitizing
preparations and increase cancer hemodynam-
ics, amplifying the effects of cancer treatment
[10]. NO can produce nitrosative stress, show-
ing effects likewise to oxidative stress (elevation
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of ROS) [10]. As NO from nitroglycerin results in cya-
nocobalamin and folic acid deficiency [11, 12] similar to
metformin [3], it can be expected that the mixture of nitro-
glycerin and metformin has synergistic antitumor effects
via cyanocobalamin and folic acid deficiency. Nitroglycerin
inhibits NF-kB and downstream P-gp [13].

In order to contribute to anticancer treatments, we con-
ducted this study aiming to define the new efficacious,
non-toxic and low-cost pleiotropic drug combinations,
that can be immediately used in oncology.

METHODS

Three two-drug combinations — metformin and caffeine,
metformin and itraconazole, metformin and nitroglycerin
- were investigated in three separate independent experi-
ments with three different control groups and simultane-
ously with appropriate investigated single and combined
drug treatments.

Hamster model

Experiments were performed on Mesocricetus auratus (six
male Syrian golden hamsters per group; 12-15 weeks old;
body mass ~90 g). The hamsters were kept under default
housing conditions: diurnal light cycle 12 hours of light /
12 hours of dark, at temperatures 25°C + 2°C and humid-
ity 60% + 2%. The hamsters had access to food and water
ad libitum.

The experiments for this study were performed in ac-
cordance with national regulations for the handling of
laboratory animals: Law on Animal Welfare of the Republic
of Serbia dated June 10, 2009 and the University of Novi
Sad Rules for Work with Experimental Animals, dated
June 11, 2020. All the animals were met with protocols
approved by the University of Novi Sad Animal Ethics
Committee (Novi Sad, Serbia): No. 04-81/25-5 dated July
22,2020, Doc. No. EK: IT-E-2020-07; No. 04-150/15 dated
March 14, 2022, Doc. No. EK: 1-2022-01; No. 04-150/15
dated March 14, 2022, Doc. No. EK: 1-2022-02; and ap-
proved by the Ministry of Agriculture, Forestry and Water
Management — Veterinary Directorate (Belgrade, Serbia):
No. 323-07-09359/2020-05 dated September 2, 2020; No.
323-07-03995/2022-05 dated March 28, 2022; No. 323-
07-03996/2022-05 dated March 28, 2022; No. 323-07-
03997/2022-05 dated March 28, 2022.

Treatment with metformin, caffeine, itraconazole, and
nitroglycerin (all Galenika a.d., Belgrade, Serbia) and
their co-administration to animals started after the hypo-
dermic injection of 1 ml of BHK-21/C13 cell suspension
(2 x 10° cells/ml) into the backside for the hypodermal
fibrosarcoma growth. The following criteria for the hu-
mane termination of an animal’s life were defined: serious
body mass loss (20%), diminished activity/responsiveness
with loss of body mass, poor posture, incapability to eat,
urinate, or defecate, largest cancer dimension > 3.5 cm,
cancer burden > 10% body mass, or cancer ulceration. The
following characteristics were observed: general condition;
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general clinical characteristics (breathing disorders, diar-
rhea, neurological signs); behavior; body weight (measured
daily); tumor diameter, location and ulceration; appearance
of multiple tumors.

Each of three experiments included four groups of ham-
sters which received different daily therapies via a gastric
probe after fibrosarcoma cell inoculation.

The first experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 500 mg/kg met-
formin; 3) 100 mg/kg caffeine; or 4) combination of 500
mg/kg metformin and 100 mg/kg caffeine.

The second experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 250 mg/kg met-
formin; 3) 250 mg/kg itraconazole; or 4) combination of
250 mg/kg metformin and 250 mg/kg itraconazole.

The third experiment: peroral application of 1) water
(control group with inoculated tumor); 2) 1000 mg/kg
metformin; 3) 50 mg/kg nitroglycerin; or 4) combination
of 500 mg/kg metformin and 25 mg/kg nitroglycerin.

The hamsters were sacrificed 19 days after fibrosarcoma
cell inoculation. Before animal sacrification, intraperito-
neal dose of 90 mg/kg pentobarbital was applied. The
hamsters were evaluated for sleep into coma at 5 minutes
by combined methods, such as a toe pinch, lack of res-
piration and lack of reaction on palpation. Immediately
after confirmation of loss of consciousness, total cardiac
exsanguination was performed. Depending on animal
weight, the volume of blood extracted was 3-5.5 ml. Two
to three milliliters of the blood obtained was subjected
to biochemical and hematological analyses. After exsan-
guination and life deprivation, main organs (brain, heart,
lungs, kidneys, liver, stomach, intestine) were excised for
pathological, histological, and toxicological examination.
At the time of sacrifice, the weights of the animals were
documented. All hamsters were in a good state during ex-
periments, and none of the animals were euthanized before
the end of the examination. During the experiment, the
fibrosarcoma diameters and the tumor burdens were mea-
sured daily using calipers. The next formula for ellipsoid
volume was used: volume = 4mabc/3, where a, b, and c are
ellipsoid half-diameters. After animal life deprivation, the
cancers were excised, weighed and tumor diameters were
exactly determined. The exact cancer volume was obtained
by determination of the water level in a graduated cylinder
before and after the submergence of the tumor (commonly
used water volume displacement method).

In all the experiments, the drugs were dissolved in water
and daily administered to animals in 1 ml/100 g body mass
doses. The doses were < 50% of oral median lethal LD, for
hamsters and equivalent to human doses (by normalization
to surface area).

The relative tumor weight (tumor burden) was calcu-
lated as tumor mass and animal body weight ratio. The
tumor density was determined as density=mass/volume.
The tumor surface area (S) was determined using the
formula from three ellipsoid half diameters (a, b, and ¢):
S = 4n{[(ab)"® + (ac)® + (bc)"*]/3}1e.

Tumor slices (4 um) were analyzed pathohistologi-
cally and immunohistochemically for the determination
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of tumor development, tissue infiltration, necrosis and
hemorrhagic zones expansion, proliferation, angiogenesis,
apoptosis, glucose, and NO-metabolism.

Immunohistochemical examinations

In addition to the primary hematoxylin and eosin staining,
immunohistochemical Ki-67, PCNA, CD34, CD31, COX4,
cytochrome C, GLUT1 and iNOS staining (Thermo Fisher
Scientific, Inc., Waltham, MA, USA; Abcam, Cambridge,
UK) was performed according to already published meth-
odology [14], to analyze cancer cell mitosis (Ki-67, PCNA),
angiogenesis (CD34, CD31), apoptotic activity (COX4,
cytochrome C), glucose turnover intensity (GLUT1), and
nitric oxide expression (iNOS). The stained fibrosarco-
ma slices were analyzed under microscope (Leica DMLB
100T, Leica Microsystems GmbH, Wetzlar, Germany) with
400x magnification. Images were taken by a Leica MC190
HD camera (Leica Microsystems GmbH). The Ki-67 and
PCNA staining images were analyzed using the UTHSCSA
Image Tool for Windows Version 3.00. Individual Ki-67 or
PCNA-positive cells were counted in each sample image.
The mean numbers of Ki-67 and PCNA-positive cells in 20
cancer images from each hamster were compared among
the experimental groups. Immunoexpression level was as-
sessed by measuring part of stained surface area (stained/
whole surface ratio) in the fibrosarcoma slices (mean of
20 measurements) by software UTHSCSA Image Tools for
Windows Version 3.00.

Blood biochemical tests and hematological
analyses

Blood was collected for standard laboratory analyses: glu-
cose, serum proteins, albumins hemoglobin, sedimenta-
tion, leucocytes, granulocytes, lymphocytes, monocytes,
platelets, erythrocytes, mean corpuscular volume, mean
corpuscular hemoglobin and mean corpuscular hemoglo-
bin concentration, hematocrit, in all three experiments.

Statistical evaluation

Means and standard deviations were determined for the
experimental data. The differences among the groups in
all measured parameters were calculated using one-way
ANOVA followed by a Student-Newman-Keuls post hoc
test. A probability p-value less than 0.05 was considered
to be statistically significant. Data analysis was performed
using TIBCO Statistica 13.3.1 software (TIBCO Software
Inc., Palo Alto, CA, USA) in all experiments.

RESULTS

The subcutaneous application of BHK-21/C13 cell cul-
ture caused fibrosarcoma production in all animals.
Experimental animals had separated, well-delimited solid
tumors without side effects on the overall state and welfare.
The largest tumor diameters after animal life deprivation,
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were < 3.5 cm in all experiments. The maximal tumor bur-
dens after animal life deprivation were much below 10% of
the hamster body weight in all experiments. Pathological,
histopathological and toxicological analysis following au-
topsy revealed no marks of toxic influence on main organs
(brain, heart, lungs, kidneys, liver, stomach, and intestine),
nor ascites or metastases.

The experimental and control groups were parametri-
cally and nonparametrically tested for sedimentation, red
and white blood cell counts, platelet number, glucose levels,
hematocrit levels, hemoglobin levels, serum proteins, but
no statistically important inequalities were detected among
the groups in all three experiments (p > 0.05).

Treatment with metformin and caffeine

Treatment with combination of metformin and caffeine
significantly suppressed cancer development as demon-
strated by statistically important reduction of fibrosarcoma
weight, volume, and Ki-67 (mean for 20), compared with
control (Table 1).

Only the comedication of metformin with caffeine pro-
duced statistically important (p < 0.05) anticancer effects in
comparison to the control. Neither metformin, nor caffeine
given alone showed significant antitumor effects compared
to the control. The treatments had no statistically impor-
tant effects on the body weight of the animals during the
experiment, in comparison to the control (Table 1).

The results proved the statistically important antitumor
influence of the metformin and caffeine combination on
experimental fibrosarcoma, without toxic effect.

Treatment with metformin and itraconazole

Treatment with the combination of metformin and itra-
conazole significantly suppressed cancer development
as demonstrated by statistically important reduction of
fibrosarcoma weight, length, volume, surface area, rela-
tive weight, density, ratio of tumor surface area to volume,
compared with the control and single treatments (Table 2,
Table 3, Figure 1, Figure 2).

The pathohistological and immunohistochemical analy-
sis showed a decrease in tissue insertion, an extension of
necrosis and hemorrhagic areas, statistically important
reduction in cancer cell proliferation, as shown by Ki-67,
statistically important reduction of the following: glucose
metabolism, as demonstrated by GLUT1; NO metabolism,
as demonstrated by iNOS staining; tumor vasculature, as
demonstrated by CD34; and apoptosis intensity, as dem-
onstrated by COX IV in all examined cancer slices from
hamsters treated with the combination of metformin and
itraconazole, in comparison with the control group and
the single-treatment groups (Table 3, Figure 1, Figure 2).

Only the combined treatment with metformin and
itraconazole produced statistically important (p < 0.05)
anticancer effects in comparison to the control. Neither
metformin, nor itraconazole given alone showed signifi-
cant antitumor effects compared to control (Table 2, Table
3, Figure 1, Figure 2). The treatments had no statistically
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Table 1. Characteristics of animals and tumors in control and groups treated with metformin and caffeine, with significance (p-values)

Hamster Tumor
e | endle || Welght@) | D, lm | volumeem | (TR | 2O
Control group with inoculated tumor, without treatment
Mean 88.7 29 4.4 2.54 1.71 1.84 1.38 19.1
+SD 6.05 8.75 0.75 23 0.29 1.67 0.194 299
Group treated with metformin (500 mg/kg) daily
Mean 86.36 88.72 4.2 1.1 1.58 0.82 1.34 14.45
+SD 12.9 13.99 0.99 0.81 0.42 0.56 0.123 6.03
p >0.05 >0.05 >0.05 >0.05 >0.05 >0.05
Group treated with caffeine (100 mg/kg) daily
Mean 95.11 100.1 5 232 1.85 1.96 1.18 16.28
+SD 10.95 12.55 3.02 1.31 0.5 1.1 0.177 4.86
p >0.05 >0.05 > 0.05 >0.05 >0.05 >0.05
Group treated with metformin (500 mg/kg) and caffeine (100 mg/kg) daily

Mean 91.47 98 3.95 0.42 1.12 0.36 1.17 13.27
+SD 12.05 13.75 231 0.32 0.22 0.11 0.087 3.39
p >0.05 < 0.05° <0.05° < 0.05° < 0.05° <0.05°

2Largest tumor diameter (cm);
bp < 0.05 significant difference between treated groups compared to control;
‘mean of 20 analyses of each tumor

Table 2. Characteristics of animals and tumors in control and groups treated with metformin and itraconazole

Hamster Tumor
: - - 5 =y
o | Megheat | Senumatcoe | weigt (0| o_tamr | voumeamy | Pemty | Metio (7
Control group with inoculated tumor, without treatment

Mean 115 133.6 5.77 7.99 3.1 741 1.09 22

+SD 15 23.2 239 5.76 0.7 5.45 0.031 7
Group treated with metformin (250 mg/kg) daily

Mean 88.7 95.4 4.95 4.59 25 4.33 1.075 18.2

+SD 14.3 9.8 3.1 2.14 0.45 1.95 0.04 4.8
Group treated with itraconazole (250 mg/kg) daily

Mean 102.7 107.2 4.82 6.57 3.12 6.32 1.074 19

+SD 19.9 9.3 3.74 0.98 0.11 0.98 0.042 4.1

Group treated with metformin (250 mg/kg) and itraconazole (250 mg/kg) daily
Mean 97.2 102.5 5.57 1.97 1.93 1.89 1.032 11.2
+SD 7.3 8.1 2.81 0.71 0.44 0.64 0.012 59

2Largest tumor diameter (cm);
bmean of 20 analyses of each tumor

Table 3. Statistical evaluation of tumor characteristics following treatment with metformin and itraconazole

. Tumor (p-values)
Group comparison - - - - -
Weight | Relative weight | Volume | Length | Surface area Density Surface/ volume Mean Ki-67

/M 0.200 0.840 0.122 0.137 0.349 0.490 0.045° 0.615
C/l 0.609 0.891 0.553 0.675 0.648 0.470 0.047° 0.769
C/M+ 0.034° 0.047° 0.037¢ 0.043° 0.045° 0.002° 0.048° 0.040°
M/ 0.052 0.217 0.047° 0.011° 0.021° 0.967 0.721 0.763
M/M+| 0.019° 0.014° 0.017° 0.061 0.009* 0.030° 0.457 0.048°
I/M+I 0.003° 0.003° 0.004° 0.006° 0.001° 0.040° 0.561 0.024°

C - control group; M - group treated with metformin (250 mg/kg); | - group treated with itraconazole (250 mg/kg);
M-+ - group treated with the combination of metformin (250 mg/kg) and itraconazole (250 mg/kg);

p < 0.05

important effects on the body weight of the animals during
the experiment, in comparison to the control (Table 2).

The results proved the statistically important antitumor
influence of the metformin and itraconazole combination
on experimental fibrosarcoma, without toxic effect.
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Treatment with metformin and nitroglycerin

Treatment with the combination of metformin and ni-
troglycerin significantly suppressed cancer development
as demonstrated by statistically important reduction of
fibrosarcoma weight, length, volume, density, compared
with the control (Table 4).
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% P <0.05 statistically significant compared to control (C) and single treatments (M, I)

Figure 1. Biophysical and immunohistochemical characteristics of the excised tumors: tumor density, surface area, surface/volume ratio and
Ki-67 positivity among the groups of animals treated with metformin and itraconazole;

*p < 0.05, as indicated
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Figure 2. Immunohistochemical characteristics of the excised tumors (Mean + SD);

GLUT-1,iNOS, CD 34, COX IV, in the second experiment;

C - control group; M - group treated with metformin (250 mg/kg); | - group treated with itraconazole (250 mg/kg); M+l — group treated with
the combination of metformin (250 mg/kg) and itraconazole (250 mg/kg);

*p < 0.05, as indicated
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Table 4. Comparison of fibrosarcoma growth between hamsters treated with metformin and nitroglycerin, with significance (p-values)

Hamster Tumor
e | endle || Welght@ | D, (mr | volumetem) | (SR, | MOS0
Control group (C)
Mean 65.89 87.2 6.77 3.7 3.13 3.1 1.21 19.5
+SD 8.32 6.44 241 0.89 0.39 0.95 0.09 5.8
Group treated with metformin (1000 mg/kg) daily (M)
Mean 62.73 82.83 5.55 3.63 3.01 3.07 1.24 19
+SD 7.34 7.02 1.31 0.88 0.51 0.87 0.095 7.06
p (MN/M) 0.011° 0.010° 0.020° 0.020° 0.010°
Group treated with nitroglycerin (50 mg/kg) daily (N)
Mean 67.35 85.74 6.21 3.38 293 2.83 1.22 185
+SD 4.21 4.03 1.91 0.87 0.58 0.81 0.03 7.72
P(MN/N) 0.029° 0.037° 0.048° 0.010° 0.017°
Group co-treated with metformin (500 mg/kg) and nitroglycerin (25 mg/kg) daily (MN)
Mean 70.04 87.72 6.27 233 232 2.1 1.12 10.2
+SD 6.03 6.32 1.92 0.69 043 0.50 0.09 3.79
P(MN/C) 0.010° 0.002° 0.030° 0.037° 0.003°
C - control group; M — metformin; N — nitroglycerin; MN — combination of metformin and nitroglycerin;
2largest tumor diameter (cm).
bp < 0.05 significant difference between treatments;
‘mean of 20 analyses of each tumor
Table 5. Statistical evaluation of immunohistochemical tumor characteristics (p-values)
. Tumor (p-values)
Group comparison - -
Ki-67 PCNA CD 34 CD 31 GLUT-1 iNOS COX 4 Cytochr. C
/M 0.8895 0.9705 0.5870 04110 0.4610 0.4190 0.1126 0.9870
C/N 0.6790 0.6404 0.4130 0.2910 0.2590 0.3090 0.2370 0.4019
C/M+N 0.0032* 0.00822 0.0153° 0.0157° 0.0091° 0.0081° 0.0085° 0.0137°
M/N 0.9670 0.7105 0.9120 0.6062 0.6010 0.7890 0.2470 0.0461°
M/M + N 0.00972 0.0089* 0.0487° 0.0909 0.0077° 0.0087° 0.0094* 0.0179°
N/M + N 0.01672 0.00912 0.0801 0.2029 0.0074° 0.0085° 0.04132 0.0109°
C - control group; M - group treated with metformin; N - group treated with nitroglycerin;
M + N - group treated with combination of metformin and nitroglycerin;
ap <0.05
The pathohistological and immunohistochemical analy-  DISCUSSION

sis showed a decrease in tissue insertion, an extension of
necrosis and hemorrhagic areas, statistically important
reduction in cancer cell proliferation, as shown by Ki-67
and PCNA, statistically important reduction of: glucose
metabolism, as demonstrated by GLUT1; NO metabolism,
as demonstrated by iNOS staining; tumor vasculature, as
demonstrated by CD34 and CD31; and statistically impor-
tant reduction in apoptosis intensity, as demonstrated by
COX IV and cytochrome C, in all examined cancer slices
from hamsters treated with the combination of metformin
and nitroglycerin, in comparison with the control group
and the single-treatment groups (Table 4, Figure 3, Table 5).

Only the combined treatment with metformin and
nitroglycerin produced statistically important (p < 0.05)
anticancer effects in comparison with the control. Neither
metformin, nor nitroglycerin given alone showed signifi-
cant antitumor effects compared to the control (Table 4,
Table 5, Figure 3). The treatments had no statistically im-
portant effects on the body weight of the animals during
the experiment, in comparison to the control (Table 4).

The results proved the statistically important antitumor
influence of the metformin and nitroglycerin combination
on experimental fibrosarcoma, without toxic effect.
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Our three experiments suggested that dual therapy by us-
ing two repositioned drugs with anticancer and NF-kB
activity (such as metformin combinations with caffeine,
itraconazole, and nitroglycerin) shows effectiveness against
fibrosarcoma in hamsters, contrary to ineffective mono-
therapy with each of them.

In the Introduction, many pathways are listed and ex-
amples of literature for several relevant in vitro experi-
ments are given, yet none of this is shown for BHK21/C13
cancer cell line used in our in vivo experiments. For pro-
posing a feasible synergistic influence free from the toxic
effects, the reasonable approach would be a double-hit one
targeting distinct pathways or different targets within the
same pathway. In agreement with our effective combined
treatment experiments with two NF-xB inhibitors, it can be
supposed that combined treatment affects different targets
within NF-kB pathway and that NF-«B is one of signaling
pathways underlying anticancer mechanism of our three
effective two-drug combinations with metformin.

Three weeks peroral administration of metformin, efa-
virenz and fluoxetine combination resulted in drastic de-
crease of cancer weight and volume in human colon cancer
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of mTOR and also reduced protein kinase
B (PKB = Akt), causing inhibition of the
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5 ""Ts"“’" “f"s */-sb) > | positive cells +/- D) phosphatidylinositol 3 (PI3)/Akt/mTOR
20 20 I | and various pathways (RAS/RAF/MAPK/
15 . 15 l * ERK), reducing transcription, protein syn-

10 10 - — thesis, and proliferation [17].
5 5 L i Disclosure of anticancer effects in the
0 0 = tested non-oncological marketed drug
GLCUT-l R':Iative gh:'ade :N iN:::)S Relah:ivejra:e " combinations may be the first step to
- immunoexpression - of immun;;;(pression finding effective, cheap and immediately

Mean +/- SD | Mean +/- SD applicable treatment for tumors.
- ‘ [ " CONCLUSION
0.0 . —_ 0.0 | ; - i The results of our three experiments
€ Mo E B & W proved significant anticancer effects of the
CD34 % of expression 5 [CD31%ofexpression metformin co-treatments with caffeine, or
Mean +/- SD Mean +/- SD . . .

4 itraconazole, or nitroglycerin on hamster
- T T " T - tibrosarcoma, without toxicity. Opposite to
2 * the examined drug combinations, mono-
. therapies did not show anticancer effects.
. S B B B Anticancer properties of the three exam-
0 0 L ined two-drug combinations (metformin
e e N N and caffeine, metformin and itraconazole,
COX4 % of expression 4 g,y:;:’:;r%':sg;n ———— metformin and nitroglycerin) in hamsters,
ol o M_ean mlles 3 ) 'I,Vlean +/-SD with used doses equivalent to standard

I C - Control group
I M - Group treated with metformin

N - Group treated with nitroglycerin

I M+N - Group treated with the combination of metformin and nitroglycerin

* P < 0.05 statistically significant compared to control (C) and single treatments (M. N)

human doses, suggest that effective non-
toxic oncological therapies in humans
and cancer relapse prevention using these
drug combinations may be attainable.
Treatment with metformin in combina-
tion with caffeine, or itraconazole, or ni-
troglycerin may be a promising efficacious
nontoxic new adjuvant anticancer therapy
and invites further clinical investigation.
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types [17]. Metformin activated AMPK, causing inhibition
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Edektn meTpopmmnHa U Herosux KombuHauuja ca 4pyrum npeHamerbeHum

NeKoBMMa Ha GUBPOCapKOM Kog XpuaKa

Jywwuua J. Monosuh', Kocta J. Monosuh?, JywaH Jlanowesnh?, JoBaH K. Monosuh>?

'[pxaBHu yHuBep3uTeT y Hoom Ma3apy, Hosu Masap, Cpbuja;

*YHneepautet y Hosom Cagy, MeguuuHckm dakyntet, Hosu Cag, Cpbuja;
3Cpncko NeKapcko ApyLLTBO, AKagemuja Me[MLMHCKNX Hayka Cprckor nekapckor apyLwTea, beorpag, Cpbuja

CAMETAK

YBoa/Unsb MHorn nekoBm pernctpoBaHu 3a pasnmuute gpyre
VHAVKaLje MOTy CEeNeKTUBHO AENOBaTU Ha TYMOPCKE PeLIenTo-
pe, cMrHanHe nyTeBe, MeTabonmuke npoLece, bruoeHepreTcke
daKkTope, eH3MMe, NpOoTerHe 1 reHe Koju perynuily nponude-
paLujy, anonTo3y 1 HeoaHrMoreHe3y Tymopa 6e3 yTuLaja Ha oBe
aKTMBHOCTU y 3apaBum hennjama. YBohere HOBYMX JIeKOBa je
BEOMa AyT, CJIOXKEH W CKyN NpoLec uctpaxmsara. OTKpriBakbe
aHTMKaHLepcKor edeKTa Kog, IeKoBa Koju cy Beh pernctpoBaHm
3a Apyre UHAVKaLUuje n Gopmrpatrbe HUXOBUX KOMOMHaLWja
MOTY AUPEKTHO CMakbUTU BPEME U LieHY TaKBOT MCTPaXunBatba.
MeTope AHTMKaHLiepCKa edrKacHOCT METGOPMYIHA 1 HETOBIX
KoM6U1HaLMja ca KoderHOM, UTPAKOHA30JIOM U HUTPOFULepU-
HOM TecTMpaHa je Ha dprbpocapkomy eKCcrepuMeHTaIHO 13a-
3BaHoMm henwnjama BHK21/C13 Kop CMpUjCKMX 3NaTHKX XpUaKa
(LWeCT >KMBOTMHA MO FPYNU, HACYMUYHO pacnopeheHnX y KOH-
TPOJIHE 1 eKCnepuUMeHTanHe rpyne, 4o3e jeAHaKe yobuuajeHnm
f03ama 3a jbyfe). [ocne XpTBOBaba XMBOTUHA, TYMOPU Cy
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ekcumaupaHu n ogpeheHe cy wrxose BenuyriHe, brodusu-
YKe KapaKTepuUCTMKe, XMCTONOrnja 1 MMyHOXUCTOXeMMja. Y3eTn
Cy Y30pLV KPBY 3a XeMaToJOLLKe 1 61OXeMUjcKe aHanu3e, a
TMaBHN OpraHn Cy TOKCMKOMOLWKY aHanmn3mpaHu. CTaTncTmyka
3HauajHocT je oppeheHa jegHocmepHum ANOVA TecTom, Koju je
npatuo Student-Newman-Keuls post hoc TecT.

Pe3syntatu KombrHauuje fBa neka, MeTdopmriHa ca Kodeu-
HOM, UM UTPAKOHA30/10M, UV HUTPOTALIEPVHOM, NoKa3arne
Cy 3HayajHe aHTUTYMopcKe edekTe Ha GUOPOCAPKOM XpuKa y
nopehety ca KOHTPOOM, y OBHOCY Ha CBe TeCTMpaHe napame-
Tpe Tymopa (p < 0,05), 6e3 TOKCMYHOCTU.

3aksbyyak priMeHa MeTdopMrHa Y KOMOMHALMjU ca Kodeu-
HOM, VST UTPAKOHA30J10M, U HUTPOTAINLIEPUHOM MOXe 61T
edvKacaH 1 6e3befaH NpUCTYN HOBOj HETOKCUYHO]j afljyBaHTHOj
aHTMKaHLePCKoj Tepanuju.

KrbyuHe peun: MeTGOPMUH; KOPEVH; UTPaKOHA30; HUTPOTN-
LiepyiH; XpuLy; prnbpocapkom
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Experimental evaluation of the effects of anticancer
modulation therapy on MAPK/PI3K/AKT/mTOR
/NF-kB signaling with non-toxic drugs
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SUMMARY

Introduction/Objective Large diversity in molecular mechanisms of cancer regulation allows some
marketed pleiotropic non-oncological non-toxic pharmaceuticals to be used in oncology, which reduces
duration and cost of novel anticancer treatment research. To date, there are no published in vivo results on
anticancer effects of certain combinations of non-oncological pleiotropic drugs (disulfiram, metformin,
deoxycholic acid, mebendazole) that influence MAPK/PI3K/AKT/mTOR/NF-kB signaling.

Methods The anticancer effects of certain aforementioned repurposed drugs combinations, < 50 %
LD, (equivalent to the usual human dose) were assessed by fibrosarcoma growth kinetics (measured
daily in vivo by calipers) and tumor proliferation (Ki-67, PCNA), neoangiogenesis (CD34, CD31), glucose
metabolism (GLUT1), NO metabolism (iNOS) and apoptosis (COX4, cytochrome C) in hamsters, randomly
allocated to control and experimental groups (six animals per group). The animals were sacrificed 19
days after BHK-21/C13 tumor inoculation. The tumors were excised, measured, and blood was collected.
Biophysical, pathohistological, toxicological, hematological, and biochemical analyses were performed.
Results Disulfiram with metformin, disulfiram with deoxycholic acid and deoxycholic acid with metformin
are the combinations that have shown significant antitumor effects on the fibrosarcoma growth kinetics
and tumor immunohistochemical markers in hamsters (p < 0.05). All used drugs in efficacious combina-
tions can inhibit MAPK/PI3K/AKT/mTOR/NF-kB signaling. The addition of NF-kB stimulator mebendazole
to effective two-drug combinations rescued cancer growth, indicating that these pathways may be
responsible for antitumor action.

Conclusion Combinations of non-oncological drugs: disulfiram with metformin, disulfiram with deoxy-
cholic acid and deoxycholic acid with metformin have the potential to be used as effective non-toxic
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INTRODUCTION

Activation of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB) signaling
has been found in many types of tumors, in-
cluding breast, colon, prostate, skin, lymphoid
tumors [1]. NF-kB is an antiapoptotic factor re-
sponsible for cancer occurrence, development,
and resistance to chemo- and radio-therapy.
Hence, therapeutic blockade of NF-B or up-
stream signals of the cascade MAPK/PI3K/AKT/
mTOR/NF-kB (mitogen-activated protein kinase
/ phosphatidylinositol 3-kinase / protein kinase
B - PKB / mammalian target of rapamycin / NF-
kB) in cancer cells provides an attractive strategy
for the development of anticancer drugs.

For our in vivo analysis we selected: regis-
tered, non-oncological, low-toxic, pleiotropic
drugs with common anticancer mechanisms
already established in vitro, e.g. via NF-kB
modulation.

Antialcoholic drug disulfiram inhibits the
NF-kB signaling pathway, and hence inhibits
proliferation and induces apoptosis of various
cancer cell lines [2, 3].

Antidiabetic drug metformin inhibits
MAPK, AKT, mTOR, and NF-«B in various
cancer cells, resulting in inhibition of prolifera-
tion and stimulation of apoptosis in vitro and in
mouse xenograft models in vivo [4]. Metformin
inhibited proliferation by suppression of NF-«xB
in the lung, ovarian, gastric, and prostate hu-
man cancer cells [5].

Deoxycholic acid, used for liver cirrhosis
and for serum cholesterol lowering, can pro-
duce oxidative stress [6]. The early phase of
oxidative stress is associated with temporary
activation of the NF-«xB pathway, but sustained
oxidative stress decreases NF-«B activity [7].
Deoxycholic acid induces programmed cell
death via MAPK/PI3K/AKT/mTOR/NF-«xB
signaling [8]. It has been shown that deoxycho-
lic acid inhibits NF-kB activity, limits cancer
cell proliferation, invasion and induces apopto-
sis in vitro in human: pancreatic, gastric, lung,
prostate, breast, colon, and hepatic carcinoma
cells [9, 10].

In this study we have applied pleiotropic
non-toxic drugs, modulators of NF-kB, with
in vitro approved anticancer characteristics:
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disulfiram, metformin, deoxycholic acid, mebendazole,
and their combinations.

If stimulation of the NF-«B can block or eliminate the
anticancer effect, i.e. can “rescue” the cancer, than anti-
cancer treatment targets NF-kB. To test whether NF-kB
inhibition underlies the anticancer mechanism of the ex-
amined drug therapy, we co-medicated a NF-kB stimulator
mebendazole for tumor rescue.

In order to contribute to anticancer treatments and
underlying mechanisms, we conducted this study aiming
to define the new efficacious, non-toxic, and inexpensive
pleiotropic drug combinations that can be immediately
used in oncology.

METHODS

Single and combined anticancer treatments with repur-
posed drugs are as follows: I. disulfiram and metformin;
II. disulfiram and deoxycholic acid; III. deoxycholic acid
and metformin were analyzed simultaneously in three
separate independent experiments with three different
control groups.

For our rescue treatments we used antihelmintic drug
mebendazole, which strongly depolymerizes microtubules
and thus activates NF-«B [11, 12].

Animal model

We conducted experiments on Syrian golden hamsters (six
males per group; weight, ~70 g; age, ~13 weeks).

Our study followed internationally recognized guide-
lines on animal welfare, as well as local and national regula-
tions (ARRIVE guidelines; Law on animal welfare of the
Republic of Serbia; University Of Novi Sad Rules For Work
With Experimental Animals).

All animals were subjected to protocols approved by the
University of Novi Sad Animal Ethics Committee (Novi
Sad, Serbia): Doc. No. EK: IT-E-2020-07; Doc. No. EK:
1-2022-01; No. 04-150/15; Doc. No. EK: I-2022-02; and ap-
proved by the Ministry of Agriculture, Forestry and Water
Management — Veterinary Directorate (Belgrade, Serbia):
No. 323-07-09359/2020-05; No. 323-07-03995/2022-05;
No. 323-07-03996/2022-05; No. 323-07-03997/2022-05.

Treatments with disulfiram, metformin, deoxycholic
acid, mebendazole (all Galenika a.d., Belgrade, Serbia) and
their combinations in experimental groups were initiated
after the subcutaneous inoculation of 1 ml of BHK-21/C13
cell suspension (2 x 10° cells/ml) into the animals’ back
for fibrosarcoma development. BHK-21/C13 cells were
produced at the Department of Histology and Embryology,
Faculty of Medicine, University of Novi Sad, Serbia. The
humane endpoints were the following: significant body
weight loss (20%), decreased activity/responsiveness with
loss of body weight, impaired posture, inability to eat, uri-
nate or defecate, tumor diameter > 3.5 cm, tumor burden
> 10% of body weight, or tumor ulceration. General con-
dition, behavior, general clinical signs (diarrhea, breath-
ing disorders, neurological signs), tumor location and

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):138-146

ulceration, appearance of multiple tumors were monitored
on the daily basis as were tumor diameter and body weight.

Each treatment was administered via a gastric probe
daily after cancer cell inoculation.

L. Disulfiram and metformin experiment: peroral
treatment with 1) water (control group with inoculated
tumor); 2) disulfiram 50 mg/kg; 3) metformin 500 mg/kg;
4) combination of disulfiram 50 mg/kg and metformin
500 mg/kg; 5) disulfiram double dose 100 mg/kg (for
validation); 6) metformin double dose 1000 mg/kg (for
validation); 7) combination of disulfiram 50 mg/kg, met-
formin 500 mg/kg, and mebendazole 460 mg/kg (for tumor
rescue); 8) mebendazole 460 mg/kg. Two single drug treat-
ments were applied with doubled doses of disulfiram alone
and metformin alone (maximum tolerated < 50% LD, )
on two groups of animals for validation of the synergistic
combinatory two-drug effect.

I1. Disulfiram and deoxycholic acid experiment: peroral
treatment with 1) water (control group with inoculated tu-
mor); 2) disulfiram 50 mg/kg; 3) deoxycholic acid 100 mg/
kg; 4) combination of disulfiram 50 mg/kg and deoxycholic
acid 100 mg/kg; 5) combination of disulfiram 50 mg/kg,
deoxycholic acid 100 mg/kg, and mebendazole 460 mg/kg
(for tumor rescue); 6) mebendazole 460 mg/kg.

III. Deoxycholic acid and metformin experiment: per-
oral treatment with 1) water (control group with inocu-
lated tumor); 2) deoxycholic acid 100 mg/kg; 3) metformin
500 mg/kg; 4) combination of deoxycholic acid 100 mg/kg
and metformin 500 mg/kg; 5) combination of deoxycholic
acid 100 mg/kg, metformin 500 mg/kg and mebendazole
460 mg/kg (for tumor rescue); 6)mebendazole 460 mg/kg.

The animals were sacrificed 19 days post-inoculation.
Ninety mg/kg of pentobarbital was administered intraperito-
neally to each animal before sacrification. For animal blood
biochemical and hematological analyses, 2-3 ml of the total
collected blood was used. After exsanguination, vital organs
were removed for pathological, histological and toxicologi-
cal examinations. Toxicity was analyzed based on the gross
and microscopic standard pathological examination of main
organs, tissues, and whole bodies, influence on body weight,
determination of organ-weight to body-weight ratios of
brain, heart, lungs, stomach, liver intestine and kidneys in
treated hamsters versus control. Biochemical and hemato-
logical blood tests were also performed. Body mass of the
animals was measured before the sacrification. All animals
were in good condition during the study. Humane endpoints
were not reached and none of the hamsters were euthanized
prior to the end of the experiment. The tumor diameters and
the tumor burdens were evaluated daily using calipers and
the following ellipsoid volume formula: volume = 4mabc/3,
where a, b, and ¢ are half-diameters. After sacrifice, the tu-
mors were excised and weighed, their diameters were exactly
measured using calipers, and the exact tumor volume was
determined using the standard water volume displacement
method. The relative tumor weight (tumor burden) was de-
termined as the weight ratio of tumor/animal.

In all experiments, drugs were dissolved in water and
administered to hamsters daily in 1 ml/100 g animal
weight. Doses were < 50% of oral median lethal LD for
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hamsters and equivalent to human doses (by normaliza-
tion to surface area).

The tumor density was calculated as density = mass/
volume; the tumor surface area (S) was calculated using
the standard ellipsoid surface formula from three half-di-
ameters (a, b, and ¢): S = 4m{[(ab)"®+ (ac)'°+ (bc)'¢]/3} Ve,
The ratio of tumor surface area to volume, relative weight,
surface/maximal length ratio, surface/tumor weight ratio,
surface/density ratio, and maximum length/density ratio
among the treated groups of animals were also calculated.

For the verification of tumor growth, tissue penetration,
expansion of necrosis and hemorrhagic areas, proliferation,
angiogenesis, apoptosis, glucose, and NO-metabolism, tu-
mor slices (4 um) were assessed pathohistologically and
immunohistochemically.

Immunohistochemistry

In addition to the principal hematoxylin and eosin (HE)
staining, immunohistochemical staining was performed
to assess tumor proliferation (Ki-67, PCNA), neoangio-
genesis (CD34, CD31), glucose metabolism (GLUT1), NO
metabolism (iNOS) and apoptosis (COX4, cytochrome
C) (Table 1).

Table 1. Antibody information

Antibodies Manufacturer Cat. No. Dilut.ion
ratio
Ki-67 Thermo Fisher Scientific, Inc. | RB-9043-P0 1:300
PCNA Thermo Fisher Scientific, Inc. | RB-9055-P 1:300
CD34 Abcam ab81289 1:200
CD31 Abcam ab28364 1:200
GLUT1 Thermo Fisher Scientific, Inc. | RB-9052-PO 1:200
iNOS Thermo Fisher Scientific, Inc. | RB-9242-P0 1:100
Cytochrome C | Abeam ab133504 1:200

Tissue sections preparation, staining, and analyzing

Tumor sections (4 um) were deparaffinized in xylene
(100%) and rehydrated in descending ethanol series (100%
twice for three minutes: 95% for three minutes, and 70%
for three minutes). For antigen retrieval, the sections were
microwaved (850 W; ~98°C) for 20 minutes in Tris-EDTA
buffer [10 mM Tris Base, 1 mM EDTA solution, 0.05%
Tween 20 (pH 9.0)], washed twice for five minutes with
tris-buffered saline (TBS) plus 0.025% Triton X-100 (with
agitation) and blocked by immersion in 10% goat serum
(cat. no. G6767; Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) in TBS with 1% BSA (cat. no. T6789; Sigma-
Aldrich; Merck KGaA) for two hours at room temperature.
Primary antibodies dissolved in TBS with 1% BSA were
incubated at 4°C overnight. The sections were washed twice
for five minutes with TBS plus 0.025% Triton X-100 (with
agitation) and incubated with 0.3% H,O, in TBS for 15 min-
utes at room temperature. Horseradish peroxidase-conju-
gated goat polyclonal rabbit immunoglobulin G secondary
antibody (cat. no. ab6721; Abeam) dissolved in TBS with
1% BSA was added to the sections for two hours at room
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temperature. The sections were washed three times for five
minutes with TBS. For visualization, the chromogen 3,3-di-
aminobenzidine tetrahydrochloride (cat. no. K3468; Liquid
DAB + Substrate - Chromogen System; Dako; Agilent
Technologies, Inc., Santa Clara, CA, USA) was added and
incubated for 10 minutes at room temperature. The sections
were washed with water for five min. and were stained with
Mayer’s hematoxylin for five min. at room temperature.
The stained tumor slices were assessed using Leica
DMLB 100T (Leica Microsystems GmbH) microscope
at 400x magnification. Images were captured using a
Leica MC190 HD camera (Leica Microsystems GmbH).
Immunoexpression was evaluated based on the posi-
tive cells counts (stained/total number of cells) or on the
stained portions of surface area (stained surface / whole
surface) in the tumor sections (mean of 10 measurements)
using UTHSCSA Image Tools for Windows version 3.00.

Blood biochemical tests and hematological
analyses

Standard laboratory blood analyses were performed: glu-
cose, serum proteins, albumins hemoglobin, sedimenta-
tion, erythrocytes, leucocytes, lymphocytes, monocytes,
granulocytes, platelets, hematocrit, mean corpuscular vol-
ume, mean corpuscular hemoglobin and mean corpuscular
hemoglobin concentration, in all experiments.

Statistical analysis

Means, standard deviations (SD), or standard errors (SEM)
were calculated for the experimental data. The differences
among the groups in all measured parameters were de-
termined using one-way ANOVA followed by a Student-
Newman-Keuls post-hoc test. Statistically significant
difference was indicated at p < 0.05. The two-sided Mann-
Whitney U tests were additionally performed to check sig-
nificances obtained by parametric testing. Data analysis was
conducted using TIBCO Statistica 13.3.1 software (TIBCO
Software, Inc., Palo Alto, CA, USA) in all experiments.

RESULTS

After inoculation of BHK-21/C13 cells, fibrosarcoma de-
veloped in all hamsters. Animals had isolated, well-de-
marcated solid tumors without adverse effects on general
health and well-being. The maximum tumor diameters
after sacrifice were < 3.5 cm in all the experiments. The
maximum tumor burdens after sacrifice were much below
10% of the animal body weight in all the experiments.
Pathological, histopathological, and toxicological analysis
following autopsy revealed no signs of toxicity on main
organs (heart, lungs, stomach, intestine, liver, kidneys, and
brain), nor metastases or ascites.

The experimental and control groups were statistically
compared for glucose levels, hemoglobin levels, hematocrit
levels, serum proteins, sedimentation, red and white blood
cell counts, platelet number, but no significant differences
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Table 2. Characteristics of animals and quantitative pathological char- Density (g/cm3) 4 _Tumor Surface Area (cm3)
acteristics of tumors in control and treated groups (the disulfiram and Lg | Mean t/-SEM 4 | Mean +/-SEM
metformin experiment) o
Hamster Tumor 12 ol 1 20
Weightat | Weightat | Weight D,.. Volume 5
start (g) end (g) (9) (cm) (cm3) B T 0
C - Control group Lo L = : _
Mean 67.5 94.5 442 3.37 3.61 C D M DM 20 2M DMMb Mb €C D M DM 20 2M DMMb Mb
+SD 5.55 5.11 0.48 0.32 0.55 7 Relative tumor weight (%) 5 Tumor Surface Area / Volume (cm?)
— - - . . - Mean +/- SEM Mean +/- SEM
D - Group treated with disulfiram (50 mg/kg/day) 9 : 1
Mean 68.3 90.2 43 3.22 3.55 : s } ‘
+SD 6.23 6.88 0.79 0.56 0.82 4 b I
3 5
M - Group treated with metformin (500 mg/kg/day) 2 5 }
Mean 69.1 91 412 33 333 : 1 L
+SD 4.32 5.73 0.68 0.64 0.57 ° C D M DM 20 2M DMMb Mb ° ¢ b M M 2 2w DMMb Mb
. . . 5 . Tumor Surface / Max di (cm) T Surface Area / Weight 2/,
*DM - Group treated YVIth the combination of disulfiram (50 mg/ 10 T rean /- SEM 7 J;:'ﬂ‘_’s:: rea/ Weight (cm/g)
kg/day) and metformin (500 mg/kg/day) . 6
Mean 68.5 96.2 063 125 0.59 . b L : 1
+SD 5.72 492 0.25 0.43 0.25 " | 3
2D - Group treated with disulfiram double dose (100 mg/kg/day) 2
2 £
Mean 70.2 97.2 413 3.11 34 . :
+SD 5.72 5.76 0.66 0.4 0.65 ©TC "o M oM 20" M DMME Mb O e b M oM 20 2m oMMb M
2M - Group treated with metformin double dose (1000 mg/kg/day) 3o Yumor Surface Area/ Density (cm®/g) Tumor Max Diameter / Density (cm/g)
Mean +/- SEM Mean +/- SEM
Mean 69.5 91.5 3.92 2.7 3.27 2 3
+SD 5.21 541 0.6 0.53 0.72 e 1 ) }1 1
DMMb - Group treated with the combination of disulfiram 3 i ‘
(50 mg/kg/day), metformin (500 mg/kg/day) and mebendazole 10 " ||
(460 mg/kg/day) 5 E ‘
Mean 70 94.9 4.41 334 3.63 ) - o | Ll
+SD 622 626 039 026 045 C D M DM 20 2M DMMb Mb C M DM 20 2M DMMb Mb
Mb - Group treated with mebendazole (460 mg/kg/day) Figure 2. Means and standard errors of the mean (SEM) of quantitative patho-
Mean 688 948 4.22 3.05 335 logical and physicochemical characteristics of the excised tumors in the I.
- - : : : disulfiram and metformin experiment;
+SD 4.29 4.39 0.81 061 075 DM Mb - group treated with the combination of disulfiram, metformin and
D, . = largest tumor diameter (cm); mebendazole; Mb - group treated with mebendazole;
*p < 0.05 *p < 0.05
4,5 were observed among the groups in all three experiments
Tumor Volume (p > 0.05).

In all experiments, peroral co-treatment with exam-
35 ined dual drug combination significantly inhibited tu-
mor growth as indicated by significant decreases in tu-
mor weight, volume, maximum diameter, density, tumor
2,5 surface area, relative tumor weight, tumor surface area/
volume ratio, tumor surface / maximum diameter ratio,
tumor surface area / weight ratio, tumor surface area /
15 Z density ratio, tumor maximum diameter / density ratio,
, compared with control, as shown for the I. disulfiram and
= = metformin experiment in Table 2, Figures 1 and 2; for the

05 $ % % II. disulfiram and deoxycholic acid experiment in Table
= 3, Figures 3 and 4, and for the III. deoxycholic acid and

5 1 79 15 19 16 metformin experlment in Table 4, .Flgureé 5 and 6.'
0,5 In all experiments, the pathohistological and immu-
—m—C- Control group Day nohistochemical evaluation revealed a decrease in tissue
penetration, an expansion of necrosis and hemorrhagic
—4=D.-Groupitreated With disuttiram areas, significantly decreased proliferation status of tumor

cells, as demonstrated by Ki-67 (and additionally by PCNA
for the I. disulfiram and metformin combination), signifi-
Figure 1. Tumor volume growth during course of the I.disulfiramand  cant inhibition of glucose metabolism, as demonstrated by
metformin experiment: interpolated line chart between the average ~ GLUT1, significant inhibition of NO metabolism, as dem-
Xal:eos ggd 5D values; onstrated by iNOS staining, significant inhibition of tumor

Pt vasculature, as demonstrated by CD31 (and additionally by

=>=M - Group treated with metformin
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Table 3. Characteristics of animals and quantitative pathological
characteristics of tumors in control and treated groups (the
disulfiram and deoxycholic acid experiment)

Hamster Tumor
Weight at | Weightat | Weight D... Volume
start (g) end (9) (9) (cm) (cm?)
Control group
Mean 68.1 95.1 3.22 292 2.62
+SD 1.85 2.01 0.2 0.1 0.19
Group treated with disulfiram (50 mg/kg/day)
Mean 67.5 923 3.06 2.88 2.55
+SD 244 249 0.19 0.16 0.17
Group treated with deoxycholic acid (100 mg/kg/day)

Mean 70.1 93.4 1.83 2.74 1.49
+SD 2.09 2.14 0.11 0.18 0.11
*Group treated with the combination of disulfiram (50 mg/kg/day)

and deoxycholic acid (100 mg/kg/day)
Mean 69.3 95.2 0.25 0.94 0.23
+SD 2.18 1.96 0.07 0.09 0.06

Group treated with the combination of disulfiram (50 mg/kg/day),
deoxycholic acid (100 mg/kg/day) and mebendazole (460 mg/kg/

day)
Mean 69.9 93.8 4.16 3.25 3.4
+SD 242 243 0.17 0.13 0.15
Group treated with mebendazole (460 mg/kg/day)
Mean 68.3 93.9 3.21 2.85 2.69
+SD 1.99 2.09 0.18 0.19 0.16
D,... = largest tumor diameter (cm);
*p < 0.05

Table 4. Characteristics of animals and quantitative pathological char-
acteristics of tumors in control and treated groups (the deoxycholic
acid and metformin experiment)

Hamster Tumor
Weight at | Weightat | Weight D, .. Volume
start(g) | end(g) (9) (cm) (cm?)
Control group
Mean 69.1 96.2 3.1 297 2.5
+SD 1.77 2.07 0.1 0.21 0.09
Group treated with deoxycholic acid (100 mg/kg)
Mean 70.3 94.3 2.2 2.96 1.76
+SD 2.19 2.11 0.05 0.11 0.05
Group treated with metformin (500 mg/kg/day)
Mean 70.1 92.2 2.65 271 2.1
+SD 1.75 2.27 0.09 0.15 0.08

*Group treated with the combination of deoxycholic acid
(100 mg/kg/day) and metformin (500 mg/kg/day)

Mean 68.9 95.2 1.45 0.98 14
+SD 2.32 2.04 0.03 0.07 0.03

Group treated with the combination of deoxycholic acid
(100 mg/kg/day), metformin (500 mg/kg/day) and mebendazole

(460 mg/kg/day)
Mean 70.9 94.7 2.71 2.96 2.2
+SD 2.39 2.41 0.12 0.11 0.1
Group treated with mebendazole (460 mg/kg/day)
Mean 69.5 95.7 2.29 2.88 1.83
+SD 2.01 1.99 0.07 0.12 0.06
D,.. = largest tumor diameter (cm);

*p<0.05
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Tumor Volume (cm3)
Mean +/- SEM

0
9 11 13 15 17 19
~—C - Control group

~4&—DS - Group treated with disulfiram
DA - Group treated with deoxycholic acid
——DD - Group treated with the of and acid

~—DDMb - Group treated with the of acid and meb

Mb - Group treated with mebendazole

Figure 3. Tumor volume growth during course of the Il. disulfiram
and deoxycholic acid experiment: interpolated line chart between the
average values and standard errors of the mean (SEM) values;

*p < 0.05
Density (g/cm3) 35 _Tumor Surface Area (cm3)
Mean +/- SEM Mean +/- SEM
13 30
2 -
12 20 I I -
15 =
11 10 —
5 * -
10 B ) —
c DS DA DD DDMb  Mb c Ds DA DD  DDMb  Mb
5 tumor weight (%) Tumor Surface Area / Volume (cm)
z
Mean +/- SEM 14 "Mean #/-SEM
a 12
: R -
8 I
2 — 6 -
4 . -
1 -
2 -
0+ — [} =
c DS DA DD DDMb Mb c DS DA DD DDMb Mb
10 Tumor Surface / Max di (cm) ¥ Fumor Surface Area / Weight (cm?/g)
Mean +/- SEM 12 I
Mean +/- SEM
8 I - %
6 — 8
*e
6 =
a =
a + =
2 . b 2 =
0 =hn = 0
c DS DA DD DDMb Mb c DS DA DD DDMb Mb
Tumor Surface Area / Density (cm®/g) Tumor Max Diameter / Density (cm*/g)

Mean +/- SEM Mean +/- SEM

3
I b . I L
*
[ |
5 * -
0 - = 0 A==l
[ DS DA DD DDMb Mb ( DS DA DD DDMb Mb

Figure 4. Means and standard errors of the mean (SEM) of quantitative patho-
logical and physicochemical characteristics of the excised tumors in the II.
disulfiram and deoxycholic acid experiment;

C - control group; DS - group treated with disulfiram; DA — group treated with
deoxycholic acid; DD - group treated with the combination of disulfiram and
deoxycholic acid; DDMb - group treated with the combination of disulfiram,
deoxycholic acid and mebendazole; Mb - group treated with mebendazole;
*p <0.05

5 8 & 8

5
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Tumor Volume (cm’)

9 1
€ - Control group

13 pay 15 17 19

DA - Group treated with deoxycholic acid

——M - Group treated with metformin

—+—DM - Group treated with the combination of deoxycholic acid and metformin
~e—DMMb - Group treated with the combination of ic acid in and

mebendazole
~#—-Mb - Group treated with mebendazole

Figure 5. Tumor volume growth during course of the Ill. deoxycholic
acid and metformin experiment: interpolated line chart between aver-
age values and standard error of the mean values;

CD34 for the I. disulfiram and metformin combination),
and significant difference in apoptosis intensity, as demon-
strated by COX4 and cytochrome C, in all analyzed slices
of tumors from animals treated with the examined dual
drug combination, compared with the control group and
the single-treatment groups, as shown for the I. disulfiram
and metformin experiment in Figure 7; for the II. disul-
tiram and deoxycholic acid experiment in Figure 8, and
for the III. deoxycholic acid and metformin experiment
in Figure 9. Results gained with HE staining and different
antibodies are illustrated by Figure 10.

In all experiments, only the examined dual drug com-
bination resulted in a statistically significant (p < 0.05)
antitumor effects compared with control (Tables 2, 3, and
4, Figures 1-9). In the I. disulfiram and metformin experi-
ment, neither disulfiram, nor metformin single treatments,
even in double doses, exhibited significant anticancer ef-
fect in comparison to control (Table 2, Figure 1, Figure 2,
Figure 3).

In all three experiments (I. disulfiram and metformin; II.
disulfiram and deoxycholic acid; III. deoxycholic acid and
metformin), co-treatment with NF-kB stimulator meben-
dazole inhibited anticancer activity of the examined dual

*p < 0.05 drug combination. Mebendazole rescued tumor progres-

sion suppressed by each examined dual drug com-

Density (g/cm3) 5 Tumor Surface Area (cm3) bination of the two NF-kB inhibitors. This indicates
Mean +/- SEM Mean +/- SEM . . ;

13 % that synergistic antitumor effects of each examined

“ : I dual drug combination (I. disulfiram and metformin;

5 I1. disulfiram and deoxycholic acid; III. deoxycholic

11 10 acid and metformin) may be caused by NF-kB sup-
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Tumor Surface / Max diameter (cm) Tumor Surface Area / Weight (cm?/g)

Hﬂi fﬁ

of the hamsters (compared with the control), as
shown for the I. disulfiram and metformin experi-
ment in Table 2; for the II. disulfiram and deoxycho-
lic acid experiment in Table 3 and for the III. deoxy-
cholic acid and metformin experiment in Table 4.
The results of all three experiments confirmed
the significant synergistic anticancer effects of each

10 |Mean +/- SEM

Mean +/- SEM

c DA ™M DM

10
8
6
4
2
o

examined dual drug co-treatment (I. disulfiram and
metformin; II. disulfiram and deoxycholic acid; III.
deoxycholic acid and metformin) on hamster fibro-
sarcoma, without toxicity.

8

&

«

DMMb  Mb DM DMMb  Mb
Tumor Surface Area / Density (cm®/g) Tumor Max Di: / Density (cm*/g)
Mean +/- SEM Mean +/- SEM

TR

DISCUSSION

In our experiments, disulfiram doses were 50 and
100 mg/kg, i.e. ~10% and ~20% of hamster oral
LD, respectively (oral LD, rat: 500 mg/kg, oral
LD, mouse: 1013 mg/kg). Dose of 50 mg/kg cor-

Figure 6. Means and standard errors of the mean (SEM) of quantitative patho-
logical and physicochemical characteristics of the excised tumors in the IIl.

deoxycholic acid and metformin experiment.

C - control group; DA - group treated with deoxycholic acid; M - group treated
with metformin; DM - group treated with the combination of deoxycholic acid
and metformin; DM Mb - group treated with the combination of deoxycholic
acid, metformin and mebendazole; Mb - Group treated with mebendazole;

*p < 0.05
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responds to the usual human dose of 4 mg/kg by
normalization to body surface.
Metformin doses of ~25% and ~50% of the oral
D,, for hamsters were selected in our experiments.
Since oral metformin LD, is about 2000 mg/kg
(2400 mg/kg in mice, 1770 mg/kg in rats), 500 mg/kg
and 1000 mg/kg were used in this study. The daily
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Figure 7. Means and standard errors of the mean (SEM) of histopathological-
immunohistochemical characteristics of the excised tumors in the I. disulfiram
and metformin experiment;

C - control group; D - group treated with disulfiram; M — group treated with
metformin; DM - group treated with the combination of disulfiram and metfor-
min; 2D - group treated with disulfiram doubled dose; 2M - group treated with
metformin doubled dose; DM Mb - group treated with the combination of di-
sulfiram, metformin and mebendazole; Mb - group treated with mebendazole;
*p < 0.05

dose of 500 mg/kg metformin in hamsters corresponds
to the maximum daily dose of 40 mg/kg in patients with
diabetes normalized to body surface.

Deoxycholic acid lowered the serum cholesterol after
the administration of 750 mg/day for 3—4 weeks. The ef-
fect of deoxycholic acid ingestion 750 mg/day on bile acid
kinetics was studied in healthy volunteers [13]. Equivalent
dose for hamsters based on body surface for human dose
of 750 mg/day is 100 mg/kg (750 mg/day = 12 mg/kg/day
x 7.4 = 100 mg/kg/day, where 7.4 is biometric conversion
factor for hamsters based on body surface) [14]. This dose
for hamsters (100 mg/kg/day), equivalent to oral human
dose, is significantly below 25% hamster LD, (oral LD,
in mouse 1000 mg/kg, oral LD, in rat 1370 mg/kg). This
is the underlying rationale for using deoxycholic acid dose
of 100 mg/kg for hamsters in our study.

In our experiments, mebendazole was administered to
hamsters orally at a dose of 460 mg/kg daily (~50% of oral
LD, for hamsters), equivalent to an oral human dose of
62 mg/kg/day normalized to body surface area (biometric
conversion factor 7.4 [14]), which is comparable to human
daily dose of 50 mg/kg/day for the 1-6 months of treat-
ment of echinococcosis.

‘ DOI: https://doi.org/10.2298/SARH230325011P
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Figure 8. Means and standard errors of the mean (SEM) of histopathological-
immunohistochemical characteristics of the excised tumors in the II. disulfiram
and deoxycholic acid experiment;

C - control group; DS - group treated with disulfiram; DA - group treated with
deoxycholic acid; DD - group treated with the combination of disulfiram and
deoxycholic acid; DDMb - group treated with the combination of disulfiram,
deoxycholic acid and mebendazole; Mb - group treated with mebendazole;
*p < 0.05
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Figure 9. Means and standard errors of the mean (SEM) of histopathological-
immunohistochemical characteristics of the excised tumors in the lIl. deoxy-
cholic acid and metformin experiment;

C - control group; DA - group treated with deoxycholic acid; M - group treated
with metformin; DM - group treated with the combination of deoxycholic acid
and metformin; DM Mb - group treated with the combination of deoxycholic
acid, metformin and mebendazole; Mb - group treated with mebendazole;
*p < 0.05
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Anticancer signaling modulation with non-toxic drugs

HE

and deoxycholic acid, III. deoxycholic acid and
metformin) encompass agents with NF-«B inhibi-
tory effect. Since results of our study show that well
known NF-«B stimulator mebendazole annulled

anticancer effects of examined two-drug combina-

Treated with

g Control
the combination

Control

Treated with
the combination

tions (I. disulfiram and metformin, II. disulfiram

Ki-67 |-

and deoxycholic acid, III. deoxycholic acid and
metformin) and rescued tumor growth in all three
experiments, it can be supposed that NF-«B inhi-
bition is an important underlying mechanism of
observed anticancer effects.

GLuTL | B

Our findings confirmed the significant anti-
cancer effects of non-oncological drug combina-
tions: I. disulfiram with metformin, II. disulfiram

CD34

with deoxycholic acid and III. deoxycholic acid
with metformin on hamster fibrosarcoma, with-
out toxicity. The single treatments did not exhibit
significant antisarcoma effects. Rescue treatments
with co-medicated mebendazole to combined two-

coxa |

drug therapies in all three experiments indicate
important underlying role of NF-«B in observed
anticancer effects.

Figure 10. lllustration of results obtained by used staining methods; HE stain-

ing images of BHK fibrosarcoma sections (the first row): A - numerous mitotic

CONCLUSION

figures within the tissue of an experimental BHK sarcoma (arrow); B - tumor
angiogenesis; C - multiple areas of tumor necrosis (*); D - frequent areas of

fresh bleeding in the tumor tissue (arrow);

immunohistochemical staining images of hamster fibrosarcoma sections:
Ki-67, PCNA, GLUT1, iNOS, CD34, CD31, COX4, and cytochrome C, examples
from the control group and the group treated with the examined combination

Since in our study, doses for disulfiram, metformin,
deoxycholic acid and mebendazole for hamsters were
equivalent to used human doses (based on surface body
area biometric conversion factor of 7.4), it follows that
anticancer effects seen in our study can be achievable with
the usual human doses in oncology [14].

Previous research has found that disulfiram suppressed
proliferation of various malignant cell types also via the
reactive oxygen species (ROS) activation, as well as the
simultaneous NF-kB inhibition. Simultaneous induction
of ROS and inhibition of NF-«B by disulfiram induces cell
cycle arrest and apoptosis [2, 3].

Studies published so far show that metformin inhibits
complex I of the mitochondrial electron transport chain,
which leads to membrane depolarization and the release
of ROS with the chemical damage of cell components
and apoptosis [5]. ROS, elevated by metformin, activates
AMPK, inhibits mTOR signaling and expression of NF-
kB [4, 5], activates tumor proliferation suppressor p53,
arresting the cell cycle.

Deoxycholic acid has been shown to cause damage
to mitochondrial membrane. Also, it was shown that in-
duction of oxidative stress by deoxycholic acid leads to
impaired NF-kB transcriptional activity, which facilitates
apoptosis [6-10].

As can be seen from cited publications, efficacious
anticancer combinations of repositioned drugs in our
experiments (I. disulfiram and metformin, II. disulfiram

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):138-146

The anticancer properties of the three examined
two-drug combinations (I. disulfiram and metfor-
min, II. disulfiram and deoxycholic acid, III. deoxy-
cholic acid and metformin) in hamsters, with used
doses equivalent to standard human doses, suggest
that effective nontoxic oncological therapies in humans
and prevention of cancer relapse using these drug combi-
nations may be achievable and that their administration
may be an effective and safe approach in novel nontoxic
adjuvant anticancer treatment.
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EKkcnepumeHTanHa esanyaymja epeKara aHTMKaHLEPCKe MOAYNALUOHE Tepanuje Ha
curHanusauujy MAPK/PI3K/AKT/mTOR/NF-KB HETOKCM4HUM NEKOBUMA

Kocta J. Monosuh', Oywwuua J. Monosuh?, fywaH Nanowesuh', JosaH K. Monosuh'*
'YHusep3utet y HoBom Capy, MeguuunHcku akyntet, Hosu Cag, Cpbuja;

*[ipxaBHu yHMBep3uTeT y HoBom Ma3apy, Hosu Ma3ap, Cpbuja;

*Cpncko neKapcKo ApyLITBO, AKaaemuja MeanLMHCKIX Hayka Cprickor nekapckor apyLwTBa, beorpag, Cpbuja

CAMXETAK

YBoa/Lwmb Benvika pasHOANKOCT y MONEKyNapHUM MEXaHU3MU-
Ma perynauuje KaHuepa omoryhaBa fia ce HeKV NNejoTponHN
HEOHKOJIOLLKI HETOKCUYHU NEeKOBMU, KOju cy BER Ha TPXMLUTY,
KopucTe y OHKOJIOTUjU, LUTO CMakbyje Tpajakbe 1 LieHy HOBUX 1C-
TpaxmBatba aHTMKaHLEPCKNX TpeTMaHa. [lo aaHac, He nocToje
o6jaBrbeHY pe3ynTaTu in vivo 0 aHTUKaHLEepPCKUM ebeKkTuma
oppeheHnx KoMbrHaLMja HEOHKOMOLLIKMX M1ejOTPOMHYX 1eKoBa
(amcyndupam, MeTGOpMmMH, [EOKCHXONHA KNCeNnHa, MebeHpa-
301) Koju yTuuy Ha curHanu3sauunjy MAPK/PI3K/AKT/mTOR/NF-kB.
MeTtope AHTrKaHLepcKkn edekTn ogpeheHmx kKombrHaLwja
HaBeAeHNX NpeHamereHNX N1eKoBa, fo3e < 50% LD50 (ekBuBa-
NEeHTHO Yob1UajeHoj 03K 3a jbyae), TPOLIEHEHU CY KUHETKOM
pacta dpubpocapkoma (MepeHO CBaKOLHEBHO in vivo momohy
Kanunepa) n Mapkeprma Tymopcke nponndepauuje (Ki-67,
PCNA), HeoaHruroreHese (CD34, CD31), meTabonvama rnykose
(GLUT1), meTabonmsma NO (iNOS) n anonto3e (COX4, Ltoxpom
() KOp XpyaKa, Koju Cy HaCyMUYHO pacnopeheHn y KOHTPOSHE 1
eKcrneprMeHTasHe rpyne (LWecT X1BOoTrHba No rpynu). ’K1soTu-
tbe Cy XpTBOBaHe 19 AaHa HakKoH MHOKynauwje Tymopa BHK-21/
C13. Tymopu cy n3pesaHu, U3MepPeHU 1 NPUKYM/beHa je KpB.

DOI: https://doi.org/10.2298/SARH230325011P

YpaheHe cy 61odur3nyKe, NaTOXNCTONOLLKE, TOKCUKOJOLIKE,
XemaToroLiKe 1 bruoxemujcke aHanuse.

Pesyntatm [lucyndmpam ca metpopmMuHom, gucyndupam
Ca AeOKCMXOJTHOM KICENVHOM 1 JEOKCUXOMNHA K1CenrHa ca
MeTGOPMUHOM Cy KOMOMHaLWje Koje Cy NMoKasasne 3HayajHe
aHTUTYMOpPCKe edeKTe Ha KNHETHKY pacTa prbpocapkoma 1
NMYHOX/CTOXEMUjCKE MapKepe TyMopa Kog xpyaka (p < 0,05).
CBu KopuwwheHun nekosn y edprkacHMM KombrHaLjama mory
VHXM6MpaTN TyMopcKy curHanusauwnjy MAPK/PI3K/AKT/mTOR/
NF-kB. [lopaBare NF-kB ctumynatopa MebeHa3ona epukacHm
KombyvHaLvjaMa AiBa fieKa cauyBaro je pacT KaHLepa, LWTO yKa-
3yje fja OBV NyTEBY MOTY 61T OAFOBOPHM 3@ aHTUTYMOPCKO
[esoBatbe.

3akbyuak KombrHaLmje HEOHKOOLLKMX leKoBa: ancyndupam
ca MeTGOPMUHOM, AUCYNPUPaM ca [EOKCUXOTHOM KUCENMHOM
1 BeOKCUXOJTHA KUCeNHA ca MeTGOPMUHOM VMajy NMoTeHLmjan
Ja ce KopucTe Kao edprKacHa HETOKCMYHA NOMORMHa aHTVKaH-
LlepcKa Tepanuja y OHKOornju.

KrbyuHe peun: gricynpupam; [EOKCUXOMHa KCeNMHa; MeThop-
MUH; Xpyum; BHK-21/C13; drbpocapkom
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Acute kidney injury and necessity of renal
replacement therapy in acutely intoxicated patients
with rhabdomyolysis

Aleksandra Babulovska'?, Natasha Simonovska'?, Zhanina Pereska'?, Kiril Naumoski'?,
Kristin Kostadinoski'?, Biljana Ristova-Sazdova?

'Ss Cyril and Methodius University in Skopje, Faculty of Medicine, Skopje, North Macedonia;
2University Toxicology Clinic, Skopje, North Macedonia

SUMMARY

Introduction/Objective This study aimed to analyse the characteristics of the selective parameters related
to the development of acute kidney injury and the necessity of renal replacement therapy in patients with
rhabdomyolysis due to acute intoxication with psychotropic and chemical substances in the first 24 hours.
Methods In a clinically controlled prospective study, 140 patients with rhabdomyolysis were divided
into two groups depending on the intoxicating substance, i.e., psychotropic or chemical. Patients were
selected according to predetermined inclusion and exclusion criteria.

Results Acute kidney injury occurred in 15% of 140 patients with rhabdomyolysis of whom 14 (66.7%)
had psychotropic intoxication and seven (33.3%) had chemical intoxication. Statistical analysis showed
significantly increased prevalence in the psychotropic group compared to those with chemical intoxi-
cation (p 0.0002). Creatine kinase values for median interquartile range in patients without/with renal
replacement therapy were in psychotropic - 753 (446-753) vs. 42,670 (22,357-42,670) U/L; and chemi-
cal - 478.3 (321.5-1111.9) vs. 648.6 (495.6-2065) U/L. In psychotropic intoxications this difference was
significant (p = 0.00002), while in the chemical ones it was insignificant (p = 0.2885). The renal replace-
ment therapy was applied in 13 (9.3%) patients with rhabdomyolysis, nine of which (69.2%) were with
psychotropic intoxication and four (30.8%) were with chemical intoxication.

Conclusion The prevalence of acute kidney injury and necessity for necessity for renal replacement
therapy was significantly higher in psychotropic intoxication compared to chemical intoxication. The
level of creatine kinase and myoglobin on the first day in the group with psychotropic substances, and
high-sensitivity troponin | in both groups —psychotropic and chemical substances - are significantly
higher in patients who need renal replacement therapy compared to those who do not need this therapy.
Keywords: toxicity; creatine kinase; myoglobin

INTRODUCTION

Rhabdomyolysis (RML) is a clinical syndrome
resulting from the destruction of muscle fibers
and the consequent release of intracellular con-
stituents, such as myoglobin, creatine kinase
(CK), and lactate dehydrogenase (LDH) into
the bloodstream, which have the potential to
cause local and systemic complications [1].
Common causes include crush injuries, heat
injuries, toxins, and overexertion [2].

The most common life-threatening compli-
cation of RML is acute kidney injury (AKI).
Some possible causes are direct tubular toxicity
of myoglobin, vasoconstriction, formation of
intra-tubular casts, and renal ischemia caused
by low blood volume [3]. Myoglobin released
from damaged muscles is a major renal injury
factor deposited in renal tubules [4]. During
muscle breakdown, excessive amounts of myo-
globin are released, exceeding the renal thresh-
old, leading to myoglobinuria and renal damage
[4]. As an iron-containing protein, it has the
ability to bind molecular oxygen, which may
produce a hydroxyl radical in the oxidation
of ferrous oxide (Fe,+) to ferric oxide (Fe,+)

[5]. Nephrotoxic effects of myoglobin through
free radical production and lipid peroxidation
leading to renal vasoconstriction and oxida-
tive damage to renal tubules also contribute to
the development of AKI [6]. Metabolic acidosis
and increased uric acid concentrations poten-
tiate the nephrotoxic properties of myoglobin
through its precipitation and interaction with
Tamm-Horsfall protein to form casts in tubules
[7]. Patients with AKI are classified into three
clinical stages based on increase in creatinine
and/or decrease in urine output, according to
Kidney Disease Improving Global Outcomes
(KDIGO) recommendations [8].

This study aimed to analyze the character-
istics of the selective parameters related to the
development of AKI and the necessity of re-
nal replacement therapy in patients with RML
due to acute intoxication with psychotropic and
chemical substances in the first 24 hours.

METHODS

This was a prospective clinical study conduct-
ed during 2019 at the University Clinic for
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Toxicology in Skopje. The study included patients with RML
divided into two groups, depending on the toxic substance
consumed by them (psychotropic or chemical). RML was
defined as a creatinine kinase (CK) > 250 U/L according to
the Poisoning Severity Score. We included adult patients
aged 18 years and older with RML. They had been acutely
intoxicated with either psychotropic or chemical substances
within the 48 hours prior to admission to the hospital. We
excluded patients with pre-existing renal disease, chronic
renal disease, muscle trauma as a result of a traumatic ac-
cident and patients with myocardial infarction. According to
KDIGO criteria, the AKI was categorized as AKI I, I, or III
based on the increase in serum creatinine > 26.5 pmol/L or
an increase to > 1.5-fold to two-fold from baseline, > twofold
to threefold from baseline, and > threefold from baseline or
serum creatinine > 354 umol/L [8]. Individuals who receive
renal replacement therapy were considered to have met the
criteria of AKI III regardless of their serum creatinine value.

Patients’ informed consent was obtained prior to their
inclusion in the study.

The study was approved by the Ethics Commission of
the Faculty of Medicine, Ss. Cyril and Methodius at the
University of Skopje, Republic of Northern Macedonia
(Ethics Code: 03-1864/4; dated 19.04.2019).

Statistical analysis

The data obtained in the study were analyzed using IBM
SPSS Statistics, Version 22.0 (IBM Corp., Armonk, NY,
USA). The quantitative data were analyzed in series, us-
ing central tendency (mean and median) and dispersion
measures (standard deviation and interquartile range -
IQR). Fisher’s exact test was used to determine the asso-
ciation among certain features in the group of subjects.
Mann-Whitney U test was used to compare the average
values, according to distribution. Values of p < 0.05 were
considered statistically significant. The binary logistic re-
gression was used to identify the predicative parameters
for developing AKI.

RESULTS

A total of 1446 patients diagnosed with acute intoxica-
tions received treatment during the study period at the
University Clinic for Toxicology in Skopje, Republic of
North Macedonia. Among them, 140 patients developed
RML. Ninety-six (68.6%) patients with RML were poi-
soned with psychotropic drugs, while the remaining 44
individuals (31.4%) ingested chemical agents. Intoxications
involving psychotropic substances were significantly more
common than those involving chemical substances.

Among patients with RML, a total of 21 (15%) had AKI,
with 14 (66.7%) resulting from psychotropic intoxication
and seven (33.3%) from chemical intoxication. The analy-
sis revealed a significantly higher prevalence of AKI in
psychotropic intoxications compared to chemical intoxica-
tions (difference 33.4% [(15.6-48.2) 95% CIJ; x> = 13.552;
df = 1; p = 0.0002).
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In the group with psychotropic intoxications and AKI,
13 (92.8%) were male and one (7.14%) was female, while
in the group with chemical intoxications, the distribution
was three (42.86%) male and 4 (57.1%) female. The aver-
age age of patients with RML and AKI in the psychotropic
intoxication group was 39.9 + 13.4, with a range of 26-53
years, compared to 57.8 + 15.1 years, with a range of 41-82
years in the chemical intoxication group. Median IQR age
distribution indicated that 50% of patients in the psycho-
tropic intoxication group were under 40 years old [median
IQR = 40 (36-47)], while in the chemical intoxication
group, 50% were under 54 years old [median IQR = 54
(52-65)]. There was a significantly older patient popu-
lation in the group with chemical intoxications (Mann-
Whitney U Test: Z = -3.0597; p = 0.002221*) (Table 1).

We individually analyzed the etiological factors for AKI,
considering the prevalence of psychotropic and chemi-
cal parameters (Table 2). In psychotropic intoxications,
AKI occurred in 14 (14.6%) patients, with the highest
prevalence found in the following: a) heroin three (60%);
b) methadone six (40%); c) neuroleptics three (25%);
d) anticonvulsants one (17.7%); and e) antidepressants
one (8.3%). In chemical intoxications, AKI was reported
in seven (15.9%) patients, with the highest prevalence in
ethylene glycol (1; 100%) and herbicides (1; 33.3%), fol-
lowed by insecticides (3; 20%) and corrosives (2; 16.7%).

With stage I acute renal injury there were two (9.53%)
patients, stage II had six (28.57%) patients, and stage III
consisted of 13 (61.90%) patients in need of renal replace-
ment therapy. A total of 13 (9.3%) patients with RML re-
ceived renal replacement therapy, of which nine (69.2%)
had psychotropic intoxication and four (30.8%) had
chemical intoxication. The analysis showed a significantly
higher prevalence of renal replacement therapy (RRT) in
psychotropics compared to chemical intoxications (dif-
ference 38.4% [(20.7-52.7) 95% CIJ; x> = 18,036; df = 1;
p = 0.0001). Out of 21 patients diagnosed with AKI, 13
(61.9%) received RRT, while eight (38.1%) did not require
this therapy.

In the group of psychotropic intoxications, RRT was
applied in 9 (9.4%) patients. The prevalence of RRT ac-
cording to etiological cause was the highest in the follow-
ing: a) heroin two (40%); and b) methadone four (26.7%);
followed by c) neuroleptics three (25%). In chemical in-
toxications, RRT was applied in four (9.1%) patients. The
prevalence of RRT according to etiological cause was high-
est in ethylene glycol (1; 100%) and herbicides (1; 33.3%),
followed by insecticides (1; 6.7%) and corrosives (1; 8.3%).

We analyzed the association of AKI with selected pa-
rameters such as aspartate aminotransferase (AST), alanine
aminotransferase (ALT), creatine kinase (CK), troponin,
and myoglobin obtained on the first day of hospitalization
of patients with RML (Table 3).

We found that patients with AKI from the whole sample
with RML as well as those in the psychotropic intoxica-
tions group had significantly higher values for all selected
parameters compared to those without AKI. However, the
whole sample with RML had insignificantly higher val-
ues for Na (p = 0.89) (Table 3). Regarding the group with
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Table 1. Demographic characteristics of the study population

Parameter Total
Type of intoxication
Psychotropic n (%) 14 (66.67)
Chemical n (%) 7 (33.33)
Difference test: Difference 33.34% df 1; p 0.0001*
Sex
i Men n (%) 13(92.86)
Psychotropic
Women n (%) 1(7.14)
. Men n (%) 3(42.86)
Chemical
Women n (%) 4 (57.14)
Pearson’s x test 6.4312df 1;p 0.011213*
Age
X +SD 39.93 +13.41
Psychotropic Min/Max 26/53
Median (IQR) 40 (36-47)
X £SD 57.86+15.18
Chemical Min/Max 41/82
Median (IQR) 54 (52-65)
Mann-Whitney U Test: Z -3.0597; p 0.002221*

*Significant for p < 0.05

Table 2. Etiological agent of acute kidney injury (AKI) and renal
replacement therapy (RRT) in patients with rhabdomyolysis

o Total AKI RRT
Etiological agents

N N % N %
1 | Benzodiazepines 20 0 0 0 0
2 | Neuroleptics 12 3| 25 3| 25
3 | Anticonvulsants 6 11167 0 0
4 | Antidepressants 12 1] 83 0 0
5 | Antiparkinsonic 2 0 0 0 0
6 | Heroin 3 60 2 40
7 | Methadon 15 6 | 40 4| 26
8 | Amfetamines 4 0 0 0 0
9 | Cocain 1 0 0 0 0
10 | Tramadol 3 0 0 0 0
11 | Ethyl alcohol 15 0 0 0 0
12 | Canabis 1 0 0 0 0
13 | Other 1 0 0 0 0
14 | Calcium-channel inhibitor 2 0 0 0 0
15 | Herbicides 3 11333 11333
16 |CO 7 0 0 0 0
17 | Other gases 1 0 0 0 0
18 | Gasoline 2 0 0 0 0
19 | Ehylen glycol 1 1 ]100 1 ]100
20 |lInsecticides 15 3 2 1 1667
21 | Corrosive agents 12 2 1167 1] 83
Total 140 21 15 13 | 93

chemical intoxications, we found that patients with AKI
had insignificantly higher values for the following param-
eters: Na (p = 0.311), K (p = 0.22), Ca (p = 0.25), AST
(p =0.3277), ALT (p = 0.9616), and high-sensitivity tro-
ponin I (p =0.0051) compared to those without AKI. For
the other parameters, the values observed in patients with
AKI in this group were insignificantly higher compared
to those without AKI for CK (p = 0.8348) and myoglobin
(p=0.1127) (Table 3).

In the whole sample as well as individually in the groups
with psychotropic or chemical intoxication, we found that
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the level of CK on the first day was higher in patients with
RRT compared to those without this therapy (Table 4). CK
values for median IQR in patients without/with RRT were
as follows: a) whole sample — 634 (339.6-1532) vs. 22,357
(3350-42,670) U/L; b) psychotropic — 753 (446-753) vs.
42,670 (22,357-42,670) U/L; and c) chemical - 478.3
(321.5-1111.9) vs. 648.6 (495.6-2065) U/L. In the whole
sample and in psychotropic intoxications, this difference
was significant (p = 0.00004 vs. p = 0.00002), while in the
chemical ones it was insignificant (p = 0.2885).

The value of myoglobin on the first day in the whole
sample as well as individually in the groups with psycho-
tropic or chemical intoxications was higher in patients
with RRT compared to those without this therapy (Table
4). Myoglobin values for median IQR in patients with-
out/with RRT were as follows: a) whole sample — 155.3
(126.8-425.2) vs. 1018.5 (604.3-3741.5); b) psychotropic
- 186.2 (12.7-568.4) vs. 1308.5 (1018.5-6421.5); and c)
chemical - 140.7 (126.8-291.1) vs. 454.5 (227.4-604.3).
In the whole sample and in psychotropic intoxications
group, this difference was significant (p = 0.00002 vs. p =
0.00003), while in the chemical intoxications group it was
insignificant (p = 0.1081). The value of troponin on the
first day in the whole sample as well as individually in the
groups with psychotropic or chemical intoxications was
higher in patients with RRT compared to those without
RRT (Table 4). High-sensitivity troponin I values for me-
dian IQR in patients without/with RRT were as follows:
a) whole sample - 3.1 (1.3-6.9) vs. 83.9 (14.1-111.1); b)
psychotropic - 2.3 (1.3-6.8) vs. 73.4 (19.9-121.3); and ¢)
chemical - 3.7 (2.2-8.2) vs. 94.5 (5.2-101). In all, this dif-
ference was significant for the consequent p = 0.00004 vs.
p = 0.00003 vs. p = 0.0481.

The results of Fisher’s exact test (p = 0.018) indicate
a significant association between AKI and the used sub-
stance in poisoning (Table 5). The adjusted residuals
showed a significantly higher presentation of AKI in poi-
soning with heroin, methadone in the psychotropic group,
and ethylene glycol in the chemical group and significantly
lower presentation in poisoning with benzodiazepines in
the psychotropic group than expected.

The adjusted residuals were used as a parameter to pres-
ent the significance of the difference between the AKI+
and AKI- groups for each type of poisoning.

A logistic regression was performed to ascertain the
effects of age, sex, group of substances, creatinine, and
creatine phosphokinase (CPK) on the likelihood that
participants have AKI. The logistic regression model was
statistically significant, x*(5) = 83.389, p < 0.0001 (Table 6).
The model explained 78% (Nagelkerke R?) of the variance
in AKI and correctly classified (percentage accuracy in
classification) 95.7% of cases, with PPV being 94.2% and
NPV 95.9%. Only creatinine was a significant predictor of
the likelihood that participants had AKI. The increase in
creatinine for one unit was 1.05 times more likely to exhibit
AKI with 95% CI 1.016-1.083. Increasing CPK, age, use of
psychotropic drugs, and male sex insignificantly increased
the likelihood of exhibiting AKI.
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Table 3. Acute kidney injury and laboratory parameters according to the type of intoxication

Babulovska A. et al.

The most serious complication of RML is AKI, which in
our analysis is present in 15% of patients with acute intoxi-
cation. This is in accordance with a previously published
study which indicates a prevalence of AKI of 5-30% in
patients with RML [9].

In a study by Mousavi et al. [10], the prevalence of AKI
was 15% of 114 patients acutely intoxicated with RML,
which is compatible with our results. The prevalence of
AKI in acute intoxication with RML was 37.1% in the
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Percentiles Psychoactive
Average | Standard
Parametar N (Mean) | deviation Sty 50th . P Al no | 82 76.9 140.5 24 36.5 59.3 Z 5.6576;
(median) yes | 14 | 990.9 669.2 733 822 1171 | p 0.00001*
Psychoactive Chemical
Akt L° 82 | 49 3 3.3 45 55 | Z -5.555; 5 PO 37| 819 161.3 25.5 34 64.1 | Z 0.9787;
yes| 14 | 181 104 9.9 14.1 253 | p>0.001* yes| 7 | 3445 556.8 29 387 | 8046 | p 03277
Chemical Total
é At © 37 5.9 25 4.1 5.4 68 | Z-2.087; At © 19| 784 146.6 25 36 61.8 | Z 5.1646;
yes| 7 | 103 5.9 5.9 73 16.1 | p 0.037* yes| 21 | 7754 694 79 7786 | 1052 | p 0.00001*
Total Psychoactive
Akt |L° 19| 52 29 3.5 4.7 58 | Z -5.906; Akt |° 82 | 563 162.1 17 246 38 | Z55901;
yes| 21 | 155 9.7 7 12.6 227 | p>001% yes | 14 | 734. 9524 182 353 632 | p 0.00001*
psychoactive Chemical
PR 82 81 18.9 65.8 78 91.6 | Z -5.949; E At © 37 | 686 116.1 21 26 54 | Z 0.0481;
yes | 14 | 3327 255.4 209.8 277.1 3593 | p>0.001% yes| 7 | 813.1 19503 15 26 294.1 | p 09616
2 chemical Total
% PR 37 | 869 234 73.8 83 105.1 | Z -2.070; PO 119 | 60.1 149 17.4 25 416 | Z 4.6861;
S yes| 7 | 1706 103.7 69 145.8 279 | p 0.038* yes | 21 | 760.5 1316.1 99 294.1 533.3 | p 0.00001*
Total Psychoactive
At 0 119| 82.8 20.5 67 79 96 Z -6.143; PR 82 | 1850.1 | 3186.8 3389 709.5 1701 | Z 5.6368;
yes| 21 | 2786 227.5 143.4 2729 | 3339 | p>001* yes | 14 |38522.1| 34806.9 | 151465 | 34227.2 | 42670 | p 0.00001*
Psychoactive Chemical
Akt L° 82 | 1375 43 136 138 1396 | Z-2.915; S Akt L° 37 | 27827 | 8541.1 339.6 491.1 | 1119.5| Z 0.2086;
yes | 14 | 1311 7.6 125 1315 139 | p 0.004* yes| 7 | 891.6 1105 465.5 517.2 780 | p 0.8348
Chemical Total
2 At ° 37 | 137.8 3.5 136 137 140.1 | z -1.012; At © 119| 2140.1 | 5423.6 3389 633 1492 | Z 4.2747;
yes| 7 | 1416 85 134.6 140 144 p 0311 yes | 21 |25978.6 | 33440.5 780 15146.5 | 42670 | p 0.00002*
Total Psychoactive
PO 119| 1376 4.1 136 138 139.8 | Z -1.699; PO 78 | 153 59.2 13 22 58 | Z 4.3535;
yes | 21 | 1346 9.2 129 1346 | 1396 | p 0.89 _ yes | 14 | 1212 165.1 8.3 62.5 121.3 | p 0.00001*
Psychoactive £ Chemical
PR 82 4 0.7 3.6 3.9 45 | Z-3.630; é At © 35 | 124 26.1 14 3.6 72 | Z 2.8014;
yes| 14 | 54 1.2 45 6 63 | p>0.001* I yes| 5 65.6 39.8 46.4 81 945 | p 0.0051*
Chemical = Total
x PO 37 | 45 1 3.9 4.1 47 | Z-1.220; A O 13| 144 51.2 13 2.7 63 | Z5.1180;
yes | 7 45 0.8 4.2 4.7 5.1 p 0.22 yes | 19 | 106.6 143.7 83 67 101 | p 0.00001*
Total Psychoactive
At 0 19| 42 0.8 3.7 4 46 | Z-3.588; At |© 80 | 7542 1565.4 123 160.5 | 539.9 | Z 4.3098;
yes | 21 5.1 11 4.2 5 6.1 p>0.01* yes| 13 | 2461 25493 1003 13369 | 1972 | p 0.00002*
Psychoactive £ Chemical
P 82 23 03 22 22 24 | Z-2760; ?Z,, L 35 | 257.3 280 126.8 1389 | 291.1 | Z 1.5826;
yes| 14 | 21 02 2 2.1 22 | p 0.006* = yes| 7 | 3235 | 208.1 1424 314 | 5866 | p 0.1127
Chemical Total
S P 37 ] 232 027 2.150 2400 | 2485 | Z-1.147; At © 115| 603 1332 1233 154 376.6 | Z 4.2768;
yes| 7 | 226 0.17 2.100 2290 | 2390 | P0.25 yes| 20 | 17129 | 2283.1 3183 1001.5 | 1408 | p 0.00002*
Total AKI - acute kidney injury; AST — aspartate aminotransferase; ALT — alanine aminotrans-
AKI no [ 119 2.3 0.3 2.2 2.3 24 Z 4.277; ferase;'CK— creatine kinase; hs-troponin | - high-sensitivity troponin I; BUN - blood
yes | 21 2.1 0.2 2.1 2.1 23 | P 0.008* urea nitrogen;
Mann-Whitney U test Z;
*significant for p < 0.05
DISCUSSION retrospective study by Rogliano et al. [11]. In patients with

RML acutely intoxicated, the prevalence of AKI was 16.8%,
according to a group of authors [12]. Possible explanations
for this discrepancy are methodological differences.

The prevalence of AKI is significantly higher in psycho-
tropic compared to chemical intoxications. AKI in patients
intoxicated with psychotropic substances is registered in
overdose with heroin - 60%, methadone - 40%, followed
by antipsychotics — 25%, anticonvulsants — 17.7%, and an-
tidepressants — 8.3%. In chemical intoxications, AKI is reg-
istered in 15.9% of patients. The prevalence of AKI is the
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Table 4. Renal replacement therapy and selected parameters by type of intoxication

X L Renal replacement therapy
Type of intoxication p
No - N (%) Yes — N (%)
Psychotropic N (%) 87 (90.63) 9(9.38)
Chemical N (%) 40 (90.91) 4(9.09) Fisher's exact test: p 0.9571
Total N (%) 127 (90.91) 13 (9.29)
X+SD 3413 £ 10726 43786 + 34398.2
Psychotropic Min/Max 51/93950 10776/22357 Z -4.7325; p 0.00002*
Median (IQR) 753 (446-753) 42670 (22357-42670)
X+SD 2602.1 +8231.4 1280.3 + 1386.4
5 Chemical Min/Max 65.4/45404 474/3350 Z -1.0614; p 0.2885
Median (IQR) 478.3(321.5-1111.9) 648.6 (495.6-2065)
X+SD 3157.7 £9981.9 30707.3 £ 34731
Total Min/Max 51/9395 474/129077 Z -4.1176; p 0.00004*
Median (IQR) 634 (339.6-1532) 22357 (3350-42670)
X+SD 7789 +1527.7 3265.9 £2996.8
Psychotropic Min/Max 54.3/7213 954/7676 Z -3.6583; p 0.0002*
Median (IQR) 186.2 (12.7-568.4) 1308.5(1018.5-421.5)
'_‘é X+SD 252.8 £269.8 4158 +£231.5
§\ Chemical Min/Max 82.7/1467 132.2/622 Z -1,6068; p 0,1081
§ Median (IQR) 140.7 (126.8-291.1) 454.5 (227.4-604.3)
X+SD 616.3 +£1299.5 23159+ 27747
Total Min/Max 54.3/7213 132.2/7676 Z -3.8078; p 0.0001*
Median (IQR) 155.3 (126.8-425.2) 1018.5 (604.3-3741.5)
X+SD 21.7 £79.5 1224 +139.8
Psychotropic Min/Max 0.3/515 1.5/299.1 Z -3.614; p 0.0003*
— Median (IQR) 2.3(1.3-6.8) 73.4(19.9-121.3)
= X +SD 152+283 66.9 +53.5
§- Chemical Min/Max 0.6/138.4 5.2/101 Z -1.977;p 0.0481*
7 Median (IQR) 37(2.2-8.2) 945 (5.2-101)
< X+ SD 10.6 +67.9 1085 +123.9
Total Min/Max 0.3/515 1.5/399.1 Z -4.1003; p 0.00004*
Median (IQR) 3.1(1.3-6.9) 83.9(14.1-111.1)

hs-troponin | - high-sensitivity troponin [;
Mann-Whitney U test Z;
*significant for p < 0.05

highest in ethylene glycol (100%) and herbicides (33.3%),
followed by insecticides (20%), and corrosives (16.7%).

The most common cause of AKI in patients with RML
acutely intoxicated is opioid overdose, according to one
study by a group of authors [12]. These observations are
in line with ours. We found significantly higher presenta-
tion of AKI in poisoning with heroin, methadone, in the
psychotropic group. According to a group of authors, AKI
is associated with a higher rate of opioid and cocaine use in
patients with RML [13]. Rogliano et al. [11] reported that
overdoses with beta-blockers, calcium-channel inhibitors,
acetaminophen, colchicine, lithium, angiotensin-convert-
ing enzyme inhibitors / angiotensin II-receptor-blockers
were significantly associated with an increased risk of AKI
in poisoned patients with RML.

RML is not the only cause of AKI in acutely intoxicated
patients, unlike RML resulting from trauma. According
to our analysis, patients intoxicated with chemicals who
developed AKI were in the group with mild to moderate
RML depending on the CK value. AKI in intoxications
with ethylene glycol, insecticides, and concentrated ace-
tic acid is due to their nephrotoxic action. Metabolites in
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ethylene glycol poisoning such as oxalic acid are respon-
sible for the associated end-organ injury, nephrotoxicity.
Ogxalic acid deposits in renal tubules as insoluble calcium
oxalate monohydrate, leading to proximal tubular necro-
sis. The exact mechanism in organophosphate poisoning
is unknown but it may be multifactorial, including direct
renal toxicity, or secondary to dehydration/hemodynamic
instability causing renal hypoperfusion, or seizure and
muscular fasciculation-related RML [14]. Coma, shock,
hemolysis, and anuric kidney injury have been reported
with poisoning with acetic acid [15].

The results indicate that certain toxic agents in acutely
intoxicated patients with RML may play an important
role in the development of AKI. We found that patients
with AKI acutely intoxicated with RML as well as those
intoxicated with psychotropic substances had significantly
higher values for creatine, blood urea nitrogen, Na, K, Ca,
CK, AST, ALT, troponin, and myoglobin compared with
those without AKI. Compatible findings of our analysis
are found in the study by Mousavi et al. [10], for a signifi-
cant positive correlation between serum creatinine values
and CK values. Regarding the increased risk of developing
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Table 5. Etiological agents in poisoned patients who developed rhab-
domyolysis with vs. without acute kidney injury (AKI)

AKI No AKI Yes Adjusted
A N % N % residuals
Benzodiazepine 20 [ 16.81| 0O 0 -2*
Neuroleptics 9 | 756 | 3 |14.29 1
Anticonvulsants 5 4.2 1 4.76 0.1
Antidepressants 11 | 9.24 1 4.76 -0.7
Antiparkinsonic 2 168 | 0 0 -0.6
Heroin 2 1.68 3 |14.29 2.9*%
Methadone 9 | 756 | 6 |28.57 2.9*%
Amphetamine 4 |1 336 | 0 0 -0.9
Cocaine 1 084 | 0 0 -0.4
Tramadol 3 1252 | 0 0 -0.7
Ethyl alcohol 15 11261 ] 0 0 -1.7
Cannabis 1 084 | 0 0 -04
Other 1 0.84 0 0 -0.4
Calcium-channel inhibitor | 2 1.68 | 0 0 -0.6
herbicides 2 1.68 1 4.76 0.9
co 7 5.88 0 0 -1.1
Other gases 1 084 | 0 0 -0.4
Gasoline 2 168 | 0 0 -0.6
Ethylene glycol 0 0 1 | 476 2.4*
Insecticides 12 11008 | 3 |14.29 0.6
Corrosive agents 10 | 84 2 | 952 0.2
Total 119 | 100 | 21 | 100 -

Table 6. Predictive parameters for developing acute kidney injury in
patients with rhabdomyolysis
i 95% Cl for OR
Parameters B SE. | Sig. OR
Lower | Upper

Creatinine 0.048 | 0.016 | 0.003 | 1.049 | 1.016 | 1.083
CPK 0.000 | 0.000 | 0.180 | 1.000 | 1.000 1.000
Sex -0.993 | 1.196 | 0.406 | 0.371 | 0.036 | 3.859
Age 0.046 | 0.038 | 0.230 | 1.047 | 0.971 1.128
Substance (P/Ch) | -1.043 | 0.970 | 0.282 | 0.352 | 0.053 2.360
Constant -8.669 | 2.983 | 0.004 | 0.000

CPK - creatine phosphokinase

complications such as AKI, similar findings were found in
the study by Pajoum et al. [16]. Eizadi-Mood et al. [17] in
the prospective study indicated that a CK value > 10,000
IU/L was associated with a higher complication rate and
could be an acceptable predictor of outcome in intoxicated
patients. In a retrospective study by Nielsen et al. [18], on
patients with RML, elevated initial CK values were asso-
ciated with an increased risk of AKI. In trauma patients,
admission myoglobin better predicted AKI than admission
CK [19]. Regarding the group with chemical intoxications,
we found that patients with AKI have insignificantly higher
values for AST, ALT, and troponin compared to those with-
out AKI. CK and myoglobin values in this group were
insignificantly higher in patients with AKI compared to
those without AKI. We found that serum creatinine on
admission in both groups is a predictor of AKI. According
to the study by Rogliano et al. [11], serum creatinine > 125
umol/L on admission was the highest predictive variable
for AKI in poisonings.

Recommendations to lower the risk of AKI in pa-
tients with RML include fluids to correct hypovolemia,
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achieve adequate diuresis with a goal urine output of 300
mL/h, and even dilute the released toxic endogenous me-
tabolites, despite their relatively low level of evidence [2].
Bicarbonate, mannitol, and loop diuretics are not strong
evidence for improved outcomes [2].

The need for RRT in our analysis in patients acutely
intoxicated with RML is 9.3%. Intermittent RRT was used
in our patients with RML due to acute intoxication with
psychotropic and chemical substances. RRT was initiated
two or three days after admission and our patients required
one hemodialysis session.

According to the literature, the need for RRT in pa-
tients with RML ranges 4-20% [20]. The prevalence of
RRT is significantly higher in psychotropic compared to
chemical intoxications. In acutely intoxicated patients with
RML and in the group with psychotropic intoxications,
the level of CK on the first day is significantly higher in
patients who need RRT compared to those who do not
need this therapy, and in the group of chemical intoxica-
tions, this difference is insignificant. Eizadi-Mood et al.
[17] in their study reported that in acutely intoxicated
patients with coma increased CK values were associated
with an increased need for dialysis. According to a study by
Dadpour et al. [21], approximately 80% of patients with se-
rum CK levels < 10,000 IU/L required dialysis. In contrast
to our results, the study by Pajoum et al. [16] presents that
there is no significant correlation between CK levels and
the need for dialysis. Stopping RRT depends on multiple
factors: resolution of the underlying cause, creatine level
and the option of being managed effectively using other
therapies (e.g., furosemide for fluid balance) [22]. In most
patients with RML, renal function is restored within a few
months [23, 24].

The limitation of the study is the small number of pa-
tients with RML as a result of acute intoxication. The small
number of patients with AKI in most of the different types
of poisoning limited the possibility of performing standard
post hoc test for each of the used substances for poisoning.
Urine output, which is an important clinical parameter,
is missing.

CONCLUSION

The prevalence of AKI and the necessity of RRT was sig-
nificantly higher in psychotropic intoxication compared
to chemical intoxication. Certain toxic agents in acutely
intoxicated patients with RML may have an important role
in the development of AKI. Serum creatinine on admission
in acute intoxication is a predictor of AKI. In the group
of psychotropic intoxications, RRT was used in overdoses
with heroin, methadone, and antipsychotics, while in the
chemical group it was used in those intoxicated with eth-
ylene glycol, herbicides, insecticides, and corrosive agents.
The level of high-sensitivity troponin I in both psychotro-
pic and chemical group are significantly higher in patients
who need RRT compared to those who do not need this
therapy. Larger cohorts are needed to improve our find-
ings.
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AKyTHO owTehere bybpera n HeonxoaHOCT Tepanuje 3ameHe PyHKUUje bybpera
KOA, aKyTHO MHTOKCUPaHMX BonecHUKa ca pabgomuonmsom

AnekcaHgpa babynoscka'?, Hatawwa CumoHoBcKa'?, MKaHuHa lMepecka'?, Kupun Haymockn'?, Kpnuctit KoctagmHeku'?,

BumaHa PuctoBa-Ca3noBa?

'YHusep3utet,Ceetn Fipuno n Metoguje” y Ckonmby, MeguumHcku akyntet, Ckonsbe, CeBepHa MakefoHuja;
2YHnBep3nTeTCKa KNMHWKa 3a ToKcukonorujy, MegnunHcki dakyntet, Ckornsbe, CeBepHa MakenoHuja

CAXETAK

YBop/Lnm OBO NCTpaxunBame je MMarno 3a Lnub Aa aHanm3mpa
KapaKTepuCTriKe CENeKTMBHMX MapameTapa NnoBe3aHunx ca Ha-
CTaHKOM akyTHor olutehera 6ybpera 1 HeonxogHoLwhy Tepanu-
je 3ameHe dyHKLWje bybpera Kof 60necHKa ca pabaommnonu-
30M yC/efi akyTHe MHTOKCHKaLMje MCMXOTPOMHUM 1 XEMUjCKAM
cynctaHuama y npsa 24 vaca.

Metope Y KNMHUYKN KOHTPONMCAHOj NPOCMEKTUBHOj CTYANjI,
140 6onecHrKa ca pabgoMMOIM30M NOJEIbEHO je Y fiBe rpyne
y 3aBMCHOCTW Of CyncTaHLe Koja je 13a3Bana MHTOKCMKaLuje
— MCUXOTPOMHE MK XeMujcke. bonecHuuwm cy ogabpaHu npe-
Ma yHanpea ogpeheHnm Kputepurjymrma 3a yKibyumBarbe 1
UCKIbyuVBatbe.

Pesyntatm AKyTHO owTehetrbe 6ybpera jaBuno ce kop 15%
on 140 6bonecHuka ca pabgommonusom, of Kojux je 14
(66,7%) nmano NCUXOTPOMHY UHTOKCMKaLWjy, a ceaam (33,3%)
XeMUjCKY MHTOKcMKaumjy. CTaTucTnyka aHanmsa je nokasa-
na 3HavajHo Behy npeBaneHuunjy y rpynm ca ncuXoTpornHoMm
VHTOKCMKaLMjOM Y OBHOCY Ha OHY Ca XeMIjCKOM NHTOKCUKa-
unjom (p = 0,0002). BpegHOCTM KpeaTuH KrHa3e 3a cpefiby
BPEAHOCT VHTEPKBAPTUIHOT pacnoHa Kog 6onecHuka 6e3

DOI: https://doi.org/10.2298/SARH2302280218B

Tepanuje 1 ca Tepanujom 3ameHe GpyHKUMje 6ybpera bune cy
y Clyyajy NCUXOTPOMHUX CyncTaHum 753 (446-753) Hacnpam
42.670 (22.357-42.670) U/L, pOK Cy 3a XeMmnjcKke CyncTaHLe
nsHocune 478,3 (321,5-1111,9) Hacnpam 648,6 (495,6-2065)
U/L. Kop ncuxoTponHe MHTOKCUKaLmje oBa pasfuka je 6una 3Ha-
yajHa (p = 0,00002), BOK je Kof XemMmjcKe He3HaTHa (p = 0,288).
Tepanuja 3ameHe dyHKUMje bybpera je cnpoBefeHa Kog 13
(9,3%) 6onecHMKa ca pabLoMMONN30M, O KOjUX je feBeT
(69,2%) 61nO ca NCUXOTPOMHOM UHTOKCMKALMjOM, @ YETUPY
(30,8%) 6onecHrKa ca XeMUjCKOM UHTOKCMKALUjOM.
3aksyuak peBaneHuyuja akyTHor owTeherwa bybpera n
notpeba 3a Tepanujom 3ameHe pyHKUuje bybpera bune cy
3HauajHo Behe Ko NCMXOTPOMHe NHTOKCcU3aLmje y nopehetby
Ca XeMMjCKOM MHTOKCKKaLmjoM. H1BO KpeaTuH KrnHase 1 Mu-
ornobuHa NpBor AaHa Kog 6051ecHrKa ca NCMXOTPOMHOM WH-
TOKCMKaLMjOM, 1 BICOKO OCET/bMBM TPOMOHKH | y 0be rpyne
6onecHnKa — ca NCMXOTPOMHOM 1 XEMWjCKOM MHTOKCUKaLjom
— 3HavajHo cy Behu Kof 60NecHrKa Kojrima je HeonxofHa Te-
panuja 3ameHe dyHKUwje 6ybpera y ofHOCY Ha OHe Koj1Ma OBa
Tepanuja Huje noTpebHa.

KrbyuHe peun: TOKCUYHOCT; KpeaTuH KrHa3a; MUOrio6uH
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Relationship between serum AGE precursor levels,
oxidative stress, and quality of life in patients
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SUMMARY

Introduction/Objective The aim of this study was to determine the relationship between serum advanced
glycation end product (AGE) precursors, oxidative stress levels, and quality of life in hemodialysis patients.
Methods A descriptive form and the Kidney Disease Quality of Life Form (KDQOL-36) were used in
the study. Serum levels of AGE precursors [methylglyoxal (MGO) and glyoxal (GO)] and oxidative stress
[malondialdehyde (MDA)] were determined in blood samples taken from the patients.

Results The KDQOL-36 subscale scores were 71.65 + 17.76 for the symptoms/problems list, 66.35 + 19.06
for the effect of kidney disease, 40.6 + 24.01 for the kidney disease burden, 41.6 + 9.83 SF-12 for physi-
cal health, and 37.83 £ 9.69 for SF-12 mental health. The serum levels were 3.96 + 1.01 pmol/L for MDA,
1029.87 + 314.43 ng/mL for GO, and 115.2 £ 75.54 ng/mL for MGO. A positive and significant correlation
was detected between serum MGO and GO (r =.285, p < 0.01) and MDA (r = 0.284, p < 0.01). A positive
correlation was noted between serum MDA and GO (r = 1,000, p < 0.05) and a negative correlation with
kidney disease burden (r =-0.205, p < 0.05). A negative and significant correlation was detected between
GO and kidney disease burden (r =-0.204, p < 0.05).

Conclusion Serum MGO, GO, and MDA levels were high in patients undergoing hemodialysis. High serum
MDA levels are associated with high serum GO and MGO levels. High serum levels of MDA and GO had
a negative impact on the quality of life of hemodialysis patients.

Keywords: hemodialysis; oxidative stress; serum advanced glycation end product precursor; quality of life

INTRODUCTION

Hemodialysis (HD) is a medical procedure
used to treat end-stage renal disease (ESRD)
by removing excess waste products, electrolytes,
and fluids from the blood. This helps to main-
tain the electrolyte balance and acid-base status
in the body and can also assist in regulating
blood pressure. HD is one of the primary forms
of renal replacement therapy for individuals
with ESRD, along with peritoneal dialysis and
kidney transplantation [1]. One consequence
of renal insufficiency is a gradual increase in
the levels of advanced glycation end-products
(AGE), and renal functions decrease in pro-
portion to this increase. The kidneys have an
important role in AGE metabolism. As AGE
levels increase in the plasma, the glomerular fil-
tration rate decreases, thereby exacerbating the
increase in AGE. The precursors of the most
reactive AGE are glyoxal (GO) and methylgly-
oxal (MGO) [2].

Patients with HD are subjected to dietary
recommendations (fruit and vegetable restric-
tions) to prevent the risk of hyperkalemia and
the high prevalence of malnutrition. However,
the recommended diet for HD patients impairs
antioxidant defense mechanisms and increases

oxidative stress by disrupting the rate of pro-
duction and destruction of reactive oxygen
species (ROS). In addition, every HD session
causes more losses in antioxidant molecules
(e.g., vitamins and trace elements), thereby sup-
pressing the removal of ROS [3]. At excessive
levels, ROS interact with many biomolecules,
such as proteins, lipids, and nucleic acids, and
may cause cellular damage, leading to negative
effects on tissue function and structure [4]. The
HD procedure itself is also known to trigger
pro-oxidant mechanisms [5]. The presence of
several interconnected factors, including oxida-
tive stress, loss of important antioxidants, and
chronic inflammation, are all critical factors
that collectively contribute to a higher risk of
cardiovascular disease and mortality in HD
patients [6]. Consequently, AGE and oxidative
stress levels, which cause many other known
diseases, also have particularly adverse effects
in HD patients [6].

HD treatment is a long-term therapy that
can affect the quality of life of patients with
ESRD [7]. The HD treatment guidelines high-
light the importance of quality of life as a key
outcome and recommend assessing quality of
life via repetitive measures as a parameter for
monitoring the quality of care given to HD
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patients [8]. Determination of the quality of life can help
healthcare professionals assess the well-being of their pa-
tients and make decisions about the health care for those
patients (e.g., new treatments and interventions) [7, 8]. In
the current study, the relationships between serum AGE
precursors, oxidative stress levels (i.e., MDA levels), and
quality of life were investigated in HD patients.

METHODS
Study type

In this study, the aim was to assess whether a correlation
exists between the serum levels of AGE precursors and
MDA, as markers of oxidative stress and inflammation,
and quality of life among individuals undergoing HD.

Location and time of study

The study was conducted in April 2021 with patients who
were treated at two HD centers in Istanbul after obtaining
the approval of the University Ethics Committee.

Population and sample of the participants in the
study

A total of 170 patients who were treated at HD centers at
the time of the study constituted the study population. Data
were collected from 117 (68% participation) patients who
met the following inclusion criteria: absence of communi-
cation problems (hearing, language, understanding, etc.),
willingness to participate in the study, being 18 years old
and over, and possessing the cognitive ability to answer the
questions in the data collection tools. The G-Power 3.1.9.4
(Axel Buchner, Edgar Erdfelder, Franz Faul, Albert-Georg
Lang; Heinrich Heine University Diisseldorf, Diisseldorf,
Germany) program was used for post hoc power analysis
to confirm that the sample size was sufficient (the effect
size was 0.3 and the power was 0.9 at the 95% confidence
interval, at a significance level of 0.05).

Data collection tools
Personal data form

Questions about sex, age, marital status, educational status,
occupation, income level, and disease (duration of the dis-
ease, duration of HD, etc.) were prepared by the researcher
to determine the socio-demographic and disease-related
characteristics of the participating patients.

Kidney disease Quality of Life Scale (KDQOL-36)

This tool was developed to measure the quality of life of in-
dividuals with chronic kidney disease (CKD) who receive
dialysis treatment. It provides an overall measure of the
health status and outcomes of patients receiving dialysis
treatment from their own perspectives. The KDQOL-36

‘ DOI: https://doi.org/10.2298/SARH230326022A
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questionnaire consists of 36 statements with five subscales.
Two of the subscales measure the overall quality of life,
while the other three measure the quality of life specific to
patients with kidney disease. The general quality of life was
measured using a short form of the general quality of life
scale known as the SF-12. The subscales of the quality of
life specific to kidney disease estimate the burden of kidney
disease, the symptoms/problems of kidney disease, and
the effects of kidney disease. Each dimension was scored
according to the answers given to the related statements.
Scores can be a minimum of 0 and a maximum of 100. A
total score of 0 indicates the worst quality of life, while a
total score of 100 indicates the best quality of life.

Measurement of serum AGE precursors

Blood samples were taken from the patients, and the lev-
els of the AGE precursors MGO and GO were measured.
Venous blood was collected in yellow-cap gel tubes and
EDTA test tubes, and the plasma was separated by centrifu-
gation at 3000 rpm for 30 minutes at 4°C. The plasma was
aliquoted into polypropylene tubes and stored in a -80°C
freezer until analysis.

Chemicals for AGE precursor analysis, including tetrae-
thoxypropane, trichloroacetic acid (TCA), thiobarbituric
acid (TBA), ethanol, GO (40%), MGO (40%), methanol,
sodium acetate, 4-nitro-1,2-phenlenediamine, and ace-
tonitrile, were purchased from Sigma-Aldrich (St. Louis,
MO, USA).

Previously described extraction and high-performance
liquid chromatography (HPLC) methods were used, with
small modifications, for GO and MGO analysis in plasma
samples. In brief, 0.5 mL of plasma sample was placed in
a 10 mL glass tube, and 2 mL of TCA (10%) solution was
added, followed by centrifugation at 8000 rpm for 5 min-
utes. A 1 mL aliquot of the supernatant was then removed
and combined with 1 mL sodium acetate buffer (0.1 M,
pH: 3) and 0.5 mL derivatization solution (4-nitro-1,2-
phenlenediamine in 1% methanol). This mixture was in-
cubated in a water bath for 20 minutes at 70°C and then
passed through a cellulose acetate filter (0.45 um) for injec-
tion into the HPLC.

The HPLC system consisted of a Shimadzu LC20AT
pump and a Shimadzu SPD-20A UV/VIS detector
(Shimadzu Corporation, Kyoto, Japan). The mobile phase
consisted of a mixture of methanol, water, and acetonitrile
(42:56:2, v/v/v). The detector wavelength was set at 254
nm. An Inertsil ODS-3 (250 x 4.6 mm, 5 um) column was
used for the separation of GO and MGO in the plasma
samples. The flow rate was 1 mL/minute and the column
oven temperature was 25°C.

Measurement of oxidative stress levels

The plasma samples of the patients were evaluated using
MDA as a marker of oxidative stress.

A previous method for the extraction and HPLC analy-
sis of MDA in plasma samples was used with small modi-
fications. In brief, a 0.5 mL tetraethoxypropane standard
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was placed in a 100 mL flask and made to 100 mL with
ethanol. A 0.1 mL volume of this standard was placed in
a 100 mL flask and made to 100 mL with TCA (10%). For
MDA derivatization, a 0.5 mL plasma sample was placed
in a 10 mL glass tube, 2 mL of TCA (10%) solution was
added, and the tube was centrifuged at 8000 rpm for 5 min-
utes. A 1 mL sample of the supernatant was removed and
combined with 1 mL TBA solution (0.67%) and incubated
in a 90°C water bath for 30 minutes. The solution was then
filtered through a 0.45-micron cellulose acetate filter into
an amber vial for injection into the HPLC.

The HPLC system consisted of a Shimadzu Nexera-i
pump and a Shimadzu RF-20A fluorescence detector
(Shimadzu Corporation). The mobile phase was a mix-
ture with 0.05M KH_PO, buffer, methanol, and acetoni-
trile (72:17:11, v/v/v). The excitation and emission wave-
lengths of the fluorescence detector were set at 530 nm
and 550 nm, respectively. MDA separation was achieved
using an Inertsil ODS-3 (4.6 x 150 mm) column at a flow
rate of 1 mL/minute and a column temperature of 25°C.

Data analysis

The IBM SPSS Statistics, Version 25.0 (IBM Corp.,
Armonk, NY, USA) package program was used for the
statistical analysis of the results of this study. The descrip-
tive statistics of the variables are presented as percentages,
numbers, arithmetic standard deviations, and means.

The Mann-Whitney U test was used for the analysis
of binary independent variables that did not have a nor-
mal distribution (between -2 and +2), as determined by
the skewness and kurtosis values. Spearman’s correlation
analysis was used to determine the relationships between
the variables. A p value < 0.05 was considered statistically
significant.

Ethical considerations

Participation in this research was voluntary. The research
aims were explained to the participants both verbally and
in written form. Patient anonymity, confidentiality, and
privacy of data were also explained in both verbal and
written forms, and all data were guaranteed to be used only
for research purposes. The study was performed according
to the tenets of the Declaration of Helsinki. The study was
approved by the Ethical Committee of the University (Nr
2020/11, 27.11.2020). Informed consent was obtained from
all subjects involved in the study.

RESULTS

The average age of the patients was 60.32 + 12.51 years, the
duration of chronic kidney failure disease was 9.42 + 8.12
years, and the duration of HD therapy was 6.53 + 7.28
years. Overall, 31.6% of the patients were female, 66.7%
were married, 46.2% had graduated from primary school,
66.7% were employed, 53.8% were retired, 35.9% had equal
income-expense status, 76.9% did not smoke, 94.9% did
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not consume alcohol, and 44.4% exercised regularly (Table
1). All patients had a conventional HD regimen consisting
of four-hour sessions three times weekly.

Table 1. Distribution of socio-demographic and health characteristics

of the patients (n=117)

157

Characteristics Meansp | Min-Max
(median)
Age 60.32 +12.51 | 25-83(62)
Disease Period of Chronic Renal Failure 042 +8.12 0.5-44 (8)
(Years)
Application Period of Hemodialysis (Years) 6.53+7.28 0.5-40 (4)
n %
Female 37 31.6
Sex
Male 80 68.4
Marital Married 78 66.7
status Single 39 333
Illiterate 8 6.8
Literate 4 34
Educational | Primary School 54 46.2
status Secondary school 31 26.5
High school 15 12.8
University and higher 5 43
Employment Yes 78 66.7
status No 39 333
Housewife 28 239
Tradesman 9 7.7
Occupational | Worker 4 34
status Officer 5 43
Retired 63 53.8
Unemployed 8 6.8
Income exceeds expenses 39 333
Income Income is equal to expenses 42 35.9
status
Income is less than expenses 36 30.8
. Yes 27 23.1
Smoking
No 90 76.9
Yes 6 5.1
Alcohol use
No 111 949
Regular Yes 52 444
exercising No 65 55.6

The mean CRP was 21.94 + 45.02 mg/L, the mean
HbA1C was 7.13 + 1.62%, the mean KT/V ratio
was 1.65 + 0.3, the mean serum urea reduction ra-
tio was 70.14 £ 11.07, the mean serum MDA level was
3.96 + 1.01 pmol/L, the mean serum GO level was
1029.87 + 314.43 ng/mL, and the mean serum MGO level
was 115.2 + 75.54 ng/mL (Table 2).

The KDQOL-36 sub-scale scores were as follows: the
mean symptoms/problems list score was 71.65 + 17.76, the
mean effect of kidney disease score was 66.35 + 19.06, the
mean kidney disease burden score was 40.6 + 24.01, the
mean SF-12 physical health score was 41.6 + 9.83, and the
mean SF-12 mental health score was 37.83 + 9.69 (Table 3).

The symptoms/problems list, effect of the kidney dis-
ease, kidney disease burden, and SF-12 physical health
scores were higher in the non-diabetic group than in the
diabetic group, and the differences were statistically signifi-
cant (p < 0.05). The serum GO value was lower in the non-
diabetic group than in the diabetic individuals (p = 0.001;
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Table 4. Comparison of KDQOL-36 sub-scales, serum AGE and oxidative stress levels

Table 2. Distribution of clinical and biochemical parameters of pa-
tients (n=117)

Parameters Mean + SD Min-Max (median)
Serum calcium (mg/dl) 13.05+17.3 7.48-90 (9.2)
Serum phosphorus (mg/dl) 6.14+7.05 2.1-49 (5.2)
Serum total protein (g/dl) 61.63+102.14 5.1-660 (62.8)
Albumin (g/dl) 27.46 + 18.44 3.6-49.6 (38.7)
Uric acid (mg/dl) 6.36 +1.22 1.8-8.5 (6.4)
C-reactive protein (mg/l) 21.94 +£45.02 0.54-281.1(11.4)
HbA1C (%) 7.13+1.62 5.26-12.7 (6.8)
Total cholesterol (mg/dl) 169.11 £45.02 | 62.7-269.47 (159.7)
HDL (mg/dl) 44.01+23.6 21.33-132(36.8)
LDL (mg/dl) 93.34+31.79 22.82-170 (91)
Triglyceride (mg/dl) 181.71+£116.94 | 45-565.8 (153.57)
Hemoglobin (mg/dl) 10.68 £ 1.55 6.8-13.1(10.9)
Hematocrit (%) 31.87£4.87 20.1-39.4 (32.6)
Serum iron (ug/dL) 61.93 +34.42 25-231 (54)
(TS;%'I'I)O" binding capacity | 507544457 | 232-284(202)
Ferritin (ng/mL) 570.48 £591.22 | 87.3-4130 (438)
KT/V 1.65+0.3 0.93-2.32(1.68)
URR 70.14 £11.07 18.5-85 (72)
Malondialdehyde (umol/I) 3.96 +£1.01 2.29-10.17 (3.74)
Glyoxal (ng/mL) 1029.87 +314.43 | 373-2019 (983)
Methylglyoxal (ng/mL) 115.2+75.54 15-534(97)

HDL - high-density lipoprotein; LDL - low-density lipoprotein; URR - urea
reduction ratio

Table 3. Patients’ mean scores for KDQOL-36 sub-scales (n =117)

Sub-scales of KDQOL-36 Mean + SD
Symptoms/problems list 71.65+17.76
Effect of the kidney disease 66.35 + 19.06
Kidney disease burden 40.6 £ 24.01
SF-12 physical health 41.6 £9.83
SF-12 mental health 37.83 £9.69

KDQOL-36 - kidney disease quality of life scale

measurements according to the presence of diabetes in patients (n =117)

Aksoy T. et al.

p < 0.05). No statistically significant differences in MDA
and MGO values were observed according to diabetes sta-
tus (p > 0.05) (Table 4).

A positive and significant correlation was found be-
tween the serum MGO and GO (r = 0.285, p < 0.01) levels
and the serum MDA level (r = 0.284, p < 0.01) in the HD
patients. A positive correlation was noted between MDA
and GO (r = 1.000, p < 0.05), and a negative correlation
was detected between MDA levels and kidney disease
burden (r = -0.205, p < 0.05). A negative and significant
correlation was detected between GO and kidney disease
burden (r = -0.204, p < 0.05) (Table 5).

DISCUSSION

The aim of this study was to examine the relationship
between serum AGE precursors, MDA serum levels, and
quality of life in HD patients. The quality of life of the
HD patients examined here was moderate in terms of the
symptoms experienced and the effect of the disease, and
their quality of life was low in terms of physical and men-
tal health and disease burden. The reference ranges for
MGO, GO, and MDA in healthy individuals were 6.5 +
3.6ngg',44+29ngg'[9],and 0.7 (0.69-0.72) pmol/L
[10], respectively. The serum MGO, GO, and MDA levels
were high. High serum MDA levels were associated with
high GO and MGO levels, and our HD patients showed
significant negative correlations between MDA and GO
levels and renal disease burden. In addition, significant
correlations were detected for the serum MDA and GO
levels in diabetic and non-diabetic patients.

AGE are heterogenous compounds produced endog-
enously from the non-enzymatic glycation of proteins,
lipids, and nucleic acids [11], and they play a role in the
development of various chronic diseases, including diabe-
tes-related complications, cardiovascular diseases,
renal diseases, and neurodegenerative diseases

[12]. Reactive carbonyl compounds are reported

KDQOL-36 - kidney disease quality of life scale; Mann-Whitney U Test;
*p <0.05

DOI: https://doi.org/10.2298/SARH230326022A

Sub-scales Diabetes presence n Ort+5s P to accumulate during HD due to the interaction
Symptoms/problems | Non-diabetic individuals | 77 | 75.36+13.95 0.008* of ESRD and blood with the dialysis membrane,
list Diabetic individuals 40 | 63.63+22.18 and both contribute to the formation of AGE [6].
Effect of the kidney | Non-diabeticindividuals | 77 | 68.95+17.9 | .|  Because the kidneys are the most important organ
disease Diabetic individuals 40 | 60.73 2049 for AGE excretion, the relationship between CKD
Kidney disease burden Non-diabeticindividuals | 77 | 4461£2511 | .., and AGEs is like a vicious cycle. As AGE increase,
Diabetic individuals 40 | 31.93+£18.97 the glomerular filtration rate (GFR) decreases, and
SF-12 physical health Nf—"”'d'f"?e“f i.ndividuals 77 | 4286 %105 | 4|  this exacerbates the AGE increase [13]. Increased
Diabetic individuals 40 | 38884763 plasma AGE levels also cause the activation of
SF-12 mental health | on-diabeticindividuals | 77 | 3848+989 | | receptor of advanced glycation end-products
Diabetic individuals 40 | 3644+9.21 (RAGE), and this generates inflammatory cascades
Glyoxal (ng/mL) N_on_d'_ak?et'_c '."d'v'duals 77 196359£26119] ) x| and ROS production [14]. Renal and vascular AGE
Diabetic individuals 40 111527343674 accumulation triggers AGE accumulation in all
Methylglyoxal (ng/mL) N?”'d'?l?et'F {nd|V|duaIs 77 | 105326193 | .o systems at levels that cause complications, largely
D'abet_'c '”C?'V_'d”_al_s 40 | 133.51+93.95 due to increased oxidative stress [15].
l(\/li(())rlm;il)ialdehyde N.O’;)'d'_ak?ez_c '.Zd"’l'duals 77 4 ilj 6 | 0936 Oxidative stress is defined as the imbalance that
H Diabetic individuals 40 | 3.86+068 occurs in the rates of ROS production and destruc-

tion. Excess ROS interact with important biomol-
ecules, such as proteins, lipids, and nucleic acids,
and may cause cellular damage, with negative
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Table 5. Correlation between patients’ serum AGE and oxidative stress
levels and KDQOL-36 sub-scales (n=117)

Sub-scales MDA GO MGO
. r 1 1.000 0.284

Malondialdehyde (pmol/I)

p 0.000* 0.002*

r 1.000 1 0.285
Glyoxal (ng/mL)

p 0.000* 0.002*

r 0.284 0.285 1
Methylglyoxal (ng/mL)

p | 0.002% 0.002*

. r -0.077 -0.077 0.001

Symptoms/Problems List

p 0.411 0.411 0.989
Effect of the k|dney r -0.089 -0.088 0.096
disease p 0.342 0.348 0.304

r -0.205 -0.204 -0.137
Kidney disease burden

p 0.027* 0.027* 0.140

r -0.12 -0.119 -0.092
SF-12 physical health

p 0.197 0.202 0.326

r 0.018 0.018 0.103
SF-12 mental health

p 0.849 0.848 0.268

MDA - malondialdehyde; MGO - methylglyoxal; GO - glyoxal;
*p < 0.05, Spearman’s

effects on tissue function and structure [16]. In HD pa-
tients, comorbidities such as dyslipidemia, hypertension,
metabolic syndrome, diabetes, senility, and atherosclerosis
trigger pro-oxidant activity [3]. The resulting imbalance
between the pro-oxidant and antioxidant systems in pa-
tients receiving HD causes an increase in oxidative stress
related to both the pathophysiological mechanism underly-
ing their ESRD and the physical stresses of HD itself. The
end product of ROS interactions with polyunsaturated fatty
acids is MDA, which can interact with proteins and nucle-
ic acids to induce the pathogenesis of various disorders,
including atherosclerosis [17]. In addition, uremic toxin
accumulation can simultaneously activate the prooxidant
system and inhibit the antioxidant system [18].

In the present study, the serum MDA levels in our HD
patients were higher than those reported in an earlier study
conducted on healthy individuals [12]. Miyagawa and
Tateishi [19] reported that dialysis sessions increased oxi-
dative stress and decreased antioxidant potential. Similarly,
Coskun et al. [20] detected that oxidative stress levels were
higher in HD patients than in a control group. In addition,
the oxidative stress levels in the patients increased more
after the HD procedure [20]. The plasma levels of MDA,
a biomarker of lipid peroxidation, were also significantly
higher in HD patients after HD than before the HD treat-
ment [5].

In the present study, the GO level was higher than the
level previously reported in another study [17]. The MGO
level was also higher than that stated in another study [18].
Luketin et al. [6] reported that the AGE levels were sig-
nificantly higher in their HD group than in their control
group. In addition, the AGE levels in the study population
indicated a greater number of patients with high cardio-
vascular disease risk in the HD group than in the control
group [6]. Another study that followed patients with CKD
for 39 months reported a negative correlation between the
estimated GFR (eGFR) and AGE levels, and high AGE

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):155-161

levels were independently associated with all-cause mortal-
ity [21]. In patients with impaired renal function, serum
AGE levels are higher than in patients with normal kidney
function [15]. The MGO levels are also higher in patients
with CKD than in the general population [22].

In this study, high MDA serum levels were associated
with high GO and MGO levels. Studies have shown that
AGE initiate intracellular oxidative stress by increasing
ROS production [23]. AGE levels increase by the classical
glycation pathway in CKD, but increases also occur by
enhancements of oxidative stress and carbonyl stress. The
clearance of reactive carbonyl compounds is reduced in
CKD, leading to carbonyl stress, and a subsequent increase
in serum AGE levels was also observed. In patients with a
reduced capacity for renal activity, the plasma AGE levels
are higher than in patients with normal kidney functions
[15]. Increased plasma AGEs also cause the activation of
RAGE, which then activates the production of inflamma-
tory cascades and ROS [24]. AGEs cross-link to cell sur-
face receptors or body proteins, and they cause oxidative
stress and inflammation because they change the receptor
or protein structure and function after binding. Glycated
proteins, in turn, create an inflammatory response through
their interaction with receptors, causing gene activation
and various inflammatory diseases as a result of this ac-
tivation [25].

In this study, high serum MDA levels had a negative
impact on the quality of life of our HD patients. Silva et al.
[26] examined the correlation between functional capac-
ity and oxidative stress and inflammation biomarkers in
patients receiving HD treatment and reported that oxida-
tive stress and inflammation reduced patient functional
capacity, and the negative effects on functional capacity
caused limitations in daily activities and decreased patient
quality of life. Oxidative stress has been shown to increase
in the advanced stages of CKD, and it becomes more se-
vere in HD patients [27]. Oxidative stress plays a role in
the development of renal damage and uremic symptoms
[28], while it also causes amyloidosis, immunologic dis-
orders, coagulopathy, cataract, endothelial dysfunction,
atherosclerosis, and cardiovascular complications in HD
patients [19]. Inflammation may also be associated with
an increase in resting energy expenditure while also nega-
tively affecting the nutrition status of individuals. Anemia
and bone-mineral disorder can also occur in patients due
to inflammation [25, 26, 28]. As comorbidities increase,
the level of dependency of individuals increases, and the
quality of life is adversely affected [29].

Quality of life was also negatively affected by high GO
levels in the present study, as high MGO levels reduced
cognitive functions in our HD patients. A reduction in
cognitive functions in these patients can decrease their
quality of life and increase mortality [22]. In HD patients,
AGE also function as uremic toxins, while vascular calcifi-
cation of AGE causes endothelial dysfunction, myocardial
changes, dysregulation of the immune system, and pro-
gression of atherosclerosis [30]. These changes can lead to
further decreases in functional capacity and a worsening
quality of life.
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Limitations of the study

One limitation of the present study is that its results are
valid only for the patients included in the study and, there-
fore, cannot be generalized to all patients. A second limita-
tion is that the reliability of the data is also limited by the
accuracy of the answers given by the patients in the study.
Finally, since the duration of HD treatment, comorbidi-
ties, nutritional status, and many other parameters affect
both oxidative stress and quality of life, examining only
the correlation between quality-of-life parameters and a
biomarker of oxidative stress may be insufficient and may
not reflect the true picture of the relationship.

CONCLUSION

The quality of life of HD patients was moderate in terms of
the symptoms experienced and the effects of the disease,
but their quality of life was low in terms of physical and
mental health and disease burden. The serum levels of
MGO, GO, and MDA were high, and the high serum MDA
levels were associated with high serum GO and MGO lev-
els. A significant negative correlation was detected between
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In addition, significant correlations were detected in the
serum MDA and GO levels of diabetic and non-diabetic
patients. Regular evaluations of symptom severity, qual-
ity of life, serum MDA levels, and serum AGE levels are
recommended for HD patients, as are the development of
strategies to increase the quality of life and reduce oxida-
tive stress and the production of AGE in these patients.
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OgHoc nsmehy HMBoa npekypcopa AGE y cepymy, OKCMA,ATHOT CTPeca U KBasuTeTa

KMUBOTa 60N1€CHMKA KOjU NPUMAjy Anjanusy

Tynaj Akcoj', 3yndyHas O3ep?, Myctada JamaH?

'YHneep3auTeT y MctaHbyny ,CabaxaTuH 3aum'’, Bucoka Lkona akagemckux ctyamja, Ofcek 3a CTPYKOBHe MeAMLIMHCKe CecTpe — TEXHUYape,

Wctanbyn, Typcka;

*YHusep3uTeT y UctaHbyny ,Cabaxatt 3aum’, akynTeT 3apaBCcTBEHNX Hayka, OficeK 3a CTPYKOBHE MEAULIMHCKe CECTPe — TEXHWUYape,

WctaH6yn, Typcka;

3YHneepauTet y UctaHbyny ,CabaxaTuH 3aum’, DakynteT 3gpaBCTBEHNX HayKa, OfiCEK 3a MONeKyNapHy O1oNorijy 1 reHeTuky, ictanbyn,

Typcka

CAXETAK

YBop/Lum CTyamja uma 3a Lub Aa yTBpAv Besy nsmehy npe-
Kypcopa Kpajriux npojyKaTta HanpegHe ravkauuje y cepymy
(AGE), H/BOa OKCUAATUBHOT CTPECa 1 KBanmTeTa X1BOTa bone-
CHVKa Ha XxemMoaujanusu.

MeTope Y ctyauju cy KopuwheHn 4eckpunTmBHY 0611k 1 Ynut-
HUK O KBaIUTETY XMBOTa ca bybpexHom 6onelwhy (KDQOL-36).
Husou npekypcopa AGE [meTunravokcana (MIO), rnokcana
(FO)1 n okcnpaTmBHoOr cTpeca [manoHanangexug (MIOA)] 6one-
CHUKa ofpehuBaHu cy y y3opLmMa KpBu.

PesynTtaTtu YT1BpheHo je cnepgehe: pesyntatm nopcka-
ne KDQOL-36 6unu cy 71,65 £ 17,76 3a nucTy cMMnToma,
66,35 + 19,06 3a yTuLaj 6onectn 6ybpera, 40,6 + 24,01 3a onTe-
pehetbe bonewhy 6ybpera, 41,6 + 9,83 3a dr3nUKO 30paBCTBeE-
HoO cTarbe npema SF-12, 37,83 + 9,69 3a MeHTanHO 34PaBCTBEHO
CTame npema SF-12.
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YtBpheHo je ga MOA n3sHocm 3,96 £ 1,01 umol/l, TO
1029,87 £ 314,43 ng/mL, a MI'O 115,2 £+ 75,54 ng/mL. Youe-
Ha je Mo3WTMBHa M 3HaYajHa Kopenaumja nsmehy Mro n ro
(r=0,285,p<0,01) u MOA (r=0,284, p < 0,01) n namehy MOA
nTO (r=1,000, p < 0,05), a HeraTMBHa Kopenayuja ca onTe-
pehetbem 6onewhy 6ybpera (r =-0,205, p < 0,05). YTBphHeHo
je fa nocToju HeraTMBHa M 3HavajHa kopenauwuja nsmehy ro n
ontepehera 6onewhy 6ybpera (r=-0,204, p < 0,05).
3akrpyuak YTBpheHo je ga cy Husow Mo, ro m MAA 6vnv Bu-
COKM Kop 6onecHUKa Koju cy 6unn Ha xemopawjanusu. Bucoku
Hueon MJJA noBe3aHu cy ca BUcokum Husovma M0 n Mro. Ytep-
heHo je pa Bucokn HuBon MIA 1 IO umajy HeraTvBaH yTuLaj
Ha KBa/lMTET X1BOTa bonecHuKa.

KrbyuHe peun: xemoujanunsa; OKCUAATUBHM CTPEC; MPEKYPCO-
p¥ Kpajiunx NpoayKaTa y3HarnpeaoBasne rvKaumje y cepymy;
KBaNWTET XMNBOTa

www.srpskiarhiv.rs
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SUMMARY

Introduction/Objective Acute kidney injury (AKI) is a highly prevalent complication among the critically
illindividuals who are admitted to the intensive care unit (ICU). This study deals with identifying the
frequency and predictors of the lack of renal function recovery in non-renal functions among critically
ill patients requiring dialysis for AKI (AKI-D).

Methods The study included 440 ICU patients from the University Clinical Center of Vojvodina in the
period from 2014 to 2018. The patients required Continuous Renal Replacement Therapy (CRRT). In this
study, we analyzed various factors including demographic features, clinical characteristics, laboratory pa-
rameters, comorbidities, as well as the need for vasopressor therapy and mechanical ventilation on the day
when AKI was confirmed. Additionally, we examined the different modalities of CRRT, which were used.
Results A retrospective analysis of the results included discovered that out of 440 patients with AKI-D,
242 (55%), average age 63.14, did not recover renal function. Significant predictors of renal function
non-recovery in critically ill patients with AKI-D were: the patients age over 65 (p = 0.044), starting time
of CRRT (p = 0.043), mechanical ventilation (p = 0.044) and previous kidney disease (p = 0.005). Significant
predictors of renal function non-recovery in critically ill septic patients with AKI-D were: the patients
age over 65 (p = 0.002), diabetes mellitus (p = 0.023), previous kidney disease (p = 0.045), CRP values
< 100 mg/I (p = 0.033) and procalcitonin (p = 0.010), while in non-septic patients, the significant predic-
tors of renal function non-recovery includes previous kidney disease (p = 0.035).

Conclusion Out of all examined predictors, both in septic and non-septic patients, previous kidney
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damage presents the greatest risk for renal function non-recovery in critically ill patients with AKI-D.
Keywords: acute kidney injury; recovery of renal function; critically ill; sepsis

INTRODUCTION

The development of acute kidney injury (AKI)
is associated with various adverse outcomes
such as prolonged intensive care unit (ICU)
stay, development of chronic kidney disease
(CKD), increased the mortality rate along with
the increased treatment costs [1, 2].

The reported prevalence of AKI in ICUs
varies from study to study and runs the gamut
from 5% to 67% [3]. According to Opgenorth
et al. [4] about 5-10% of these patients require
renal replacement therapy (RRT).

In patients with AKI requiring RRT, the re-
covery of renal function occurs in only 20-60%
of patients and patients’ survival without the
need for RRT is considered successful [4, 5].
Only 1-6% recovery of renal function occurs
after 90 days of starting RRT [6]. AKI stage and
time required for renal function recovery sig-
nificantly influence morbidity/mortality rates
after an acute episode of patients requiring di-
alysis for AKI (AKI-D) [7].

The results so far have indicated numer-
ous predictors of renal function recovery and
include those related to patients (age, CKD,

proteinuria, comorbidity, etiology, stage, and
duration of AKI, exposure to nephro-toxic
drugs and/or diagnostic contrast agents, multi
organ dysfunction), as well as potential predic-
tors related to dialysis procedures itself (mo-
dalities, membrane, dose intensity, lasting and
frequency of procedures) [5, 7, 8].

The aim of this study is to determine the
prevalence and predictors of renal function non-
recovery in critically ill patients with AKI-D.

METHODS

This retrospective study was conducted be-
tween 2014 and 2018 at the University Clinical
Center of Vojvodina. The study included 440
adult surgical and non-surgical patients at the
ICU and Emergency Room suffering from AKI
and AKI on CKD who required continuous
RRT (CRRT).

The study analyzed various parameters, in-
cluding demographic features, comorbidities,
laboratory and clinical analyses such as urea,
creatinine, C-reactive protein (CRP), procal-
citonin (PCT), quick sequential organ failure
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assessment score (QSOFA) score, the need for vaso-
pressor therapy, and mechanical ventilation (MV)

Table 1. Demographic and clinical parameters in critically ill patients and its associa-
tion with renal recovery function

on the day when AKI was confirmed. Renal function | Renal function

Different modalities of CRRT were utilized, | Variables non:ioc/svery reﬁ?lf)ry .
including continuous veno-venous hemodiafil- 242 (55) 198 (45)
tration (CVVHDF), continuous veno-venous Sex
hemofiltration, continuous veno-venous hemo- Male 138/69.7 156/64.5 p=0.264
dialysis (CVVHD), and CVVHD combined with | Female 60/30.3% 86/35.5
CVVHDE. Discontinuation of CRRT was guided | Mean agein years 63.14 60.93
by the establishment of diuresis of 1000-1500 ml/ Comorbidities
day without diuretics. The recovery of renal func- Hypertension 86 (434) 103 (42.6) p=0923
tion after AKI-D was defined independently from Chronic pulmf)nary disease 25(12.5) 25(10.3) p=0455
CRRT within 90 days of starting RRT. The criteria Diabetes mellitus : 43(21.7) 5121 p=0907
for early start of CRRT were stages II or III AKI C(.erebr'ovas'cular disease 15(7.6) 23(9.5) p =0.500
according to Kidney Disease: Improving Global D'ge{swe ﬁjlsease_ 26(13.1) 29(12.0) p= 0'773*
Outcomes (KDIGO) guidelines and/or hypervol- Previous kidney disease 16(8.1) 40.7) p=0.002

. . . MV support 61 (69.3) 65 (64.4) p=0.537
emia with poor response to conservative treatment v " 138 (69.7) 139 (57.4) —0.010"
within 24 hours of AKI diagnosis, while manifested asopressor sLippor - - p== "
clinical complications related to AKI were criteria start of CRRT < 24 hours 121611 170702 P =0.030

. qSOFA score
for i.e., late start of CRRT after 24 hours. 0 4723.7) 76 G314

The c'h(.)1§e of CRRT mo'dahtles was dete.:rm'lned . 53 (26.8) 64 (26.4)
by the clinicians, gtlud.ed by international .g%udehngs. 2 26 (13.1) 25(10.3) p=0.296
The CRRT prescription included specific details |3 72 36.4) 77318)
such as treatment modality, circulation, dilution joes o Gl el
mode, replacement and dialysis fluid flow, patient | ~\vnpF 81(409) 88 (36.4)
weight, and heparin anticoagulation. CVVHD 72 (36.4) 91 (37.6) p=0282

The study also highlights the reasons for delayed  [-yyh 3() 14 (5.8)
initiation of RRT, such as organizational issues,  |cyvHD + CVVHDF 37(187) 49 (20.2)
unavailability of equipment, difficulty of catheter | yrea (mmol) + (Mean, SD) 2632+15306 | 2633+13.962 | p=0.995
placement, or the need for surgical interventions | creatinine (umol) (Mean, SD) | 401.43 +203.56 | 373.70+191.51 | p=0.145
or radiological tests before starting RRT. Some pa- | CRP (mg/L) (Mean, SD) 153.99+121.44 | 154.62+126.79 | p=0.966
tients received intermittent dialysis initially based | PCT (ng/l) (Mean, SD) 42.80 + 68.88 425949432 | p=0.987
on factors like hemodynamic stability or equipment Ultrafiltration (ml) (Mean, SD) | 3367.88 + 5066.81 | 2592.8 + 2946.46 | p = 0.046*

availability.
Certain exclusion criteria were applied to pa-

CRRT - continuous renal replacement therapy; CVVHDF - continuous veno-venous
hemodiafiltration; CVVH - continuous veno-venous hemofiltration; CVVHD - continuous
veno-venous hemodialysis; CRP — C-reactive protein; PCT - procalcitonin; MV — mechanical

tients with urgent need for RRT, including specific
laboratory abnormalities (urea > 50 mmol/l, K > 6.5
mmol/l, pH < 7.15) and acute pulmonary edema,
and those treated with conservative therapy.

CRRT was performed on the Multifilter and the
Prismaflex System (Baxter, Deerfield, IL, USA); standard
high-flux filters and membranes/adsorbers were used in
septic patients. The CRRT prescription included: treatment
modality, blood flow, dilution mode, replacement and di-
alysis fluid flow, and the patient’s weight and heparin an-
ticoagulation, according to clinical practice guidelines [9].

The study was carried out according to the principles of
the Helsinki Declaration and it was approved by the local
Ethics Committee, decision number 00-116.

Statistical analysis

SPSS Statistics for Windows, Version 20.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical data process-
ing. The obtained data were analyzed using the x test and
t test of independent samples (when examining individual
underlying possible predictors) and binomial logistic re-
gression analysis (when examining individual continu-
ous potential predictors, as well as when analyzing the

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):162-167

ventilation; qSOFA score - quick sequential organ failure assessment score

association of all possible predictors along with no renal
function recovery). The statistical significance of the influ-
ence of potential risk factors for the absence of renal func-
tion recovery was examined in the course of the study. The
Box-Tidwell test was previously applied in order to confirm
that the correlation between each continuous predictor and
the corresponding logarithm of the odds ratio is linear.

RESULTS

Out of 440 patients with AKI-D, 242 (55%), average age
63.14, did not recover renal function. In patients who did not
recover kidney function, earlier kidney diseases (p = 0.002)
and vasopressor therapy (p = 0.010) were significantly more
prevalent, and those patients also had a significantly higher
average ultrafiltration (ml) (p = 0.046) and a significantly
lower percentage of patients started earlier CRRT < 24 hours
(p = 0.050). There were more male patients in the group who
did not recover their renal function in comparison to the
patients who did (69.7% vs. 64.5%) (Table 1).

www.srpskiarhiv.rs ‘
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Significant predictors such as age (p = 0.044), CRRT
start time (p = 0.043), lung MV (p = 0.044), and previ-
ous kidney disease (p = 0.005) were singled out in the
entire sample of critically ill patients. CRRT start within
24 hours of AKI diagnosis was associated with a 1.353
times higher risk (95% CI 1.009-1.814) for non-recovery
of kidney function, age was associated with a 1.437 times
higher risk (95% CI 1.010-2.043), MV was associated with
a 1.63 times higher risk (95% CI 1.013-2.633) and previ-
ous renal disease with a 5.49 times higher risk for renal
function non-recovery (95% CI 1.661-18.148) (Table 2).

In the septic patient group, age (p = 0.002), CRP
(p =0.033), PCT (p = 0.010), diabetes mellitus (DM)
(p = 0.023), and previous renal disease (p = 0.045) were
significant predictors of renal function non-recovery. The
patients over 65 years of age were associated with a 1.63
times higher risk of renal function non-recovery (95% CI
1.063-2.504). The patients over 65 years of age were at
three times higher risk (95% CI 1.486-5.760), the ones
with CRP higher than 100 mg/l were associated with 2.49
times higher risk (95% CI 1.077-5.748), DM with 2.71
times higher risk (95% CI 1.144-6.414), PCT with 2.84
times higher risk (95% CI 1.279-6.308) and previous kid-
ney disease with 7.08 times higher risk of renal function
non-recovery (95% CI 1.046-47.884) (Table 3). In the
non-septic group of patients, previous kidney disease was
associated with a 6.25 times greater risk of renal function
non-recovery (p = 0.035, 95% CI 1.14-34.273) (Table 4).

DISCUSSION

Although CRRT has been used for many years in criti-
cally ill hemodynamically unstable patients with AKI, the
prognosis and recovery of renal function are still uncertain.

A retrospective analysis of the results found that out
of a total of 440 patients with AKI, 198 (45%) did not
recover their kidney function, which corresponds with
previous results [4]. Having analyzed the entire sample,
we found that age, the starting time of CRRT, MV, and
previous kidney disease play a significant predictive role in
the outcome of renal function. The subgroup analysis has
also shown that these results were consistent after adjust-
ment for multiple variables. Namely, patients over 65 have
a 1.63 times greater risk of renal function non-recovery.
In a retrospective study by Jiang et al. [10] that included
cardiac surgery patients with AKI, multivariate analysis
showed that age was an independent prognostic factor for
renal function non-recovery during the first week of CRRT
treatment. The authors of previous studies investigated
outcomes in patients with AKI treated with CRRT and
their results, as well as ours, indicate that older age has
a significant prediction for renal function non-recovery
[11]. It is highly likely that the reason for such results is the
higher frequency of comorbidities in the elderly popula-
tion, but also the structural and functional changes in the
kidney that occur with aging [12]. In critically ill patients,
AKI is manifested by varying degrees of uremia, volemia,
acid-base status disorders, physiological and non-renal

‘ DOI: https://doi.org/10.2298/SARH220909020K
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Table 2. Predictors of renal function non-recovery in critically ill pa-
tients requiring dialysis for acute kidney injury with demographic,
laboratory and clinical parameters

95% Cl for EXP(B)
Parameters Exp(B) -
Lower | Upper Sig.

Sex 1.472 0.940 2.304 0.091
Age 1.437 1.010 2.043 0.044*
Ultrafiltration 1.081 0.767 1.524 0.657
Modalities of CRRT 0.950 0.787 1.147 0.595
Urea at admission 1.079 0.860 1.353 0.512
Creatinine at admission 1.004 0.979 1.031 0.739
CRP 1.424 0.880 2.304 0.150
PCT 0.620 0.371 1.038 0.069
Length of hospitalization | 1.070 0.763 1.502 0.694
Oliguria/anuria 0.649 0.414 1.018 0.060
Start of CRRT < 24 hours 1.353 1.009 1.814 | 0.043*
Vasopressors support 0.958 0.507 1.808 0.894
MV support 1.633 1.013 2633 | 0.044*
Sepsis 0.247 0.732 0.431 1.242
CVD 0.886 0.560 1.402 0.606
Pulmonary diseases 1.306 0.850 2.007 0.223
Digestive disease 1.191 0.629 2.254 0.592
Diabetes mellitus 1.299 0.766 2.201 0.331
cb 0.753 0.355 1.599 0.460
Previous kidney disease 5.490 1.661 18.148 | 0.005*
Other comorbidities 0.901 0.563 1.443 0.664
qSOFA score 1.111 0.699 1.763 0.657
Constant 0.173 0.167

Exp(B) — odds ratio; CRRT - continuous renal replacement therapy;

CRP - C-reactive protein; PCT - procalcitonin; MV - mechanical ventilation;
CD - cerebrovascular diseases; CVD - cardiovascular disease;

qSOFA score - quick sequential organ failure assessment score

Table 3. Association between non-recovery of renal function in septic
critically ill patients and critically ill patients requiring dialysis for acute
kidney injury with demographic, laboratory and clinical parameters

95% C.I. for Exp(B)

Parameters Exp(B) -
Lower | Upper Sig.

Sex 1.728 0.833 3.582 0.142
Age 2.551 1.422 4.579 0.002*
Ultrafiltration 1.128 0.616 2.066 0.696
Modalities of CRRT 0.997 0.701 1417 0.986
Urea at admission 1.137 0.749 1.726 0.547
Creatinine at admission 1.012 0.965 1.063 0.616
CRP 2488 1.077 5.748 | 0.033*
PCT 2.841 1.279 6.308 | 0.010%
Length of hospitalization | 1.234 0.760 2.002 0.395
Oliguria/anuria 0.818 0.380 1.759 0.607
Start of CRRT < 24 hours 1.522 0.926 2.501 0.098
Vasopressors support 0.999 0.296 3.374 0.999
MV support 1.572 0.577 4.284 0377
CvD 1.391 0.626 3.088 0.418
Pulmonary diseases 1.904 0.776 4.670 0.159
Digestive disease 2.604 0.874 7.757 0.086
Diabetes mellitus 2.709 1.144 6.414 | 0.023*
CcD 1.562 0.371 6.583 0.543
Previous kidney disease 7.077 1.046 | 47.894 | 0.045*
Other comorbidities 1.522 0.699 3314 0.290
qSOFA score 0.763 0.354 1.645 0.489
Constant

Exp(B) — odds ratio; CRRT - continuous renal replacement therapy;

CRP - C-reactive protein; PCT - procalcitonin; MV — mechanical ventilation;
CD - cerebrovascular diseases; CVD - cardiovascular diseases;

qSOFA score - quick sequential organ failure assessment score
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Table 4. Association between non-recovery of renal function in non-
septic critically ill patients requiring dialysis for acute kidney injury
with demographic, laboratory and clinical parameters

95% C.I. for Exp(B)
Parameters Exp(B) -
Lower | Upper Sig.

Sex 1.541 0.816 2911 0.183
Age 0.981 0.604 1.594 0.939
Ultrafiltration 0.852 0.531 1.367 0.507
Modalities of CRRT 0.938 0.735 1.197 0.608
Urea at admission 1.040 0.776 1.394 0.794
Creatinine at admission 1.002 0.969 1.037 0.887
CRP 1.093 0.578 2.070 0.784
Length of hospitalization | 0.776 0.420 1.435 0.419
Oliguria/anuria 1.985 1.053 3.743 | 0.034*
Start of CRRT < 24 hours 1.321 0.872 2.002 0.189
Vasopressors support 0.814 0.402 1.647 0.567
MV support 1.423 0.749 2.702 0.282
CVvD 0.640 0.338 1.211 0.170
Pulmonary diseases 0.756 0.310 1.843 0.538
Digestive disease 0.840 0.344 2.052 0.702
Diabetes mellitus 0.822 0.389 1.737 0.607
b 0.621 0.238 1.619 0.330
Previous kidney disease 6.251 1.140 | 34.273 | 0.035*%
Other comorbidities 0.632 0.322 1.242 0.183
qSOFA score 1.440 0.746 2.780 0.277
Constant 0.524 0.703

Exp(B) — odds ratio; CRRT - continuous renal replacement therapy; CRP
- C-reactive protein; MV - mechanical ventilation; CD - cerebrovascular
diseases; CVD - cardiovascular diseases; qSOFA score - quick sequential organ

failure assessment score

disorders, and often has a variable course. The decision
to start RRT in these patients may depend on numerous
factors and it represents a very complex process [13]. In
relation to that, the start time of RRT has been difficult to
study and has shown considerable variations of clinicians
and institutions [14]. Due to its changeable clinical course
of AKI, constant monitoring of patients is necessary to
ensure that RRT starts timely, i.e., before the appearance
of uremic and metabolic complications, but when there
are signs of general improvement in the clinical condition
and spontaneous recovery of renal function. The results of
our study indicate that “early” initiation of RRT in critically
ill patients with AKI significantly affects the rate of renal
function non-recovery. Contrary to our results, Lin et al.
[15] have concluded that the “early” start of RRT does not
significantly affect the recovery of kidney function. The
aforementioned results correspond to the meta-analysis
published by Ponce et al. [16], where it was found that
“early” initiation of RRT increases the chance of recovery
of renal function by 30% compared to the “late” one. Our
previous study, which aimed to identify predictors of kid-
ney function recovery, with the very same criteria used
both for “early” and “late” CRRT start time just like in
this study, did not find any predictors of recovery of renal
function in the “early” group, while in the “late” CRRT
group, non-diabetic patients were found to have a 3.5 times
higher chance of function recovery compared to patients
with DM [17]. Completely different results were published
in research by Castro et al. [18] and indicated that “early”
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initiation of RRT has no significant effect on the recovery
of renal function. However, the studies included in this
analysis were highly prone to be biased due to the study
design itself, mixed cases, definition of timing of RRT ini-
tiation and variation in outcome determination [18]. MV,
while essential in providing respiratory support for criti-
cally ill patients, can potentially exacerbate pre-existing
lung injury or lead to the development of new lung injury,
commonly known as ventilator-associated lung injury [19].
According to the available literature, we have observed that
the majority of studies investigated the impact of MV on
the development of AKI in critically ill patients, but we
have not found any research on whether MV has an im-
pact on the recovery of renal function. In our study, we
found that MV was associated with a 1.63 times higher
risk for failure to recover renal function. In a randomized
clinical study, Yang et al. [20] found that protective MV
compared to conventional MV had no significant effect on
AKI progression, although AKI progression occurred in
both groups of patients. Ostermann and Lumlertgul [21]
performed a murine model of ventilator-associated lung
injury and concluded that a short period of MV with high
tidal volumes (17 mL/kg) causes increased lung permeabil-
ity and liver and kidney inflammation. As pulmonary MV
affects both the onset and progression of AKI, it probably
has an effect on the recovery of renal function as well,
which needs to be determined in future prospective ran-
domized trials.

In the subgroup of septic patients, DM was linked to a
2.71 times higher risk and previous kidney disease with
a 7.08 times higher risk of renal function non-recovery.
Various studies indicate that DM potentially increases
morbidity and mortality in patients with AKI [22]. In
a multicenter study by Chung et al. [23], DM did not
increase the risk of developing AKI, but significantly
decreased the probability of renal function recovery.
Regarding previous kidney conditions and renal function
recovery, our results correlate with most studies, one of
which was conducted by Vijayan et al. [24], which included
patients with previous kidney diseases were significantly
less likely to recover renal function after AKI. However, we
must take into account that the aforementioned authors
followed the long-term effects of comorbidities on the re-
covery of renal function.

In a cohort analysis of the 131 critically ill patients with
AKI who underwent the CRRT, along with the older age,
two other determined predictors that we did not examine
(coronary artery disease and admission to the ICU) were
associated with a lower rate of renal function recovery [11].

While our study provides valuable insights, it is im-
portant to acknowledge the limitations associated with it.
Firstly, this study was conducted retrospectively in a single
center, which may limit the generalizability of the findings
to other settings or patient populations.

Additionally, we lacked specific data on the etiology
of AKI-D, diuresis, and the use of diuretics. These factors
could potentially influence the recovery of renal function
and should be considered in future studies for a more com-
prehensive analysis.
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Furthermore, we did not have detailed information on
the parameters of the CRRT procedure. Factors such as the
specific modality of CRRT, dialysis dose, choice of dialy-
sis membrane, and duration of dialysis could potentially
impact the chances of renal function recovery. Although
there is no definitive evidence linking these factors to the
recovery of renal function, their potential influence cannot
be entirely ruled out.

Despite these limitations, our study contributes valu-
able information on the predictors of renal function non-
recovery in critically ill patients with dialysis-dependent
AKI. It underscores the importance of individual consid-
eration of potential predictors and highlights the need for
further research to address the limitations and expand our
knowledge in this area [25. 26, 27].
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CONCLUSION

After conducting both group and subgroup analyses, it was
found that among all the predictors investigated, previous
kidney conditions pose the highest risk for the failure to re-
cover kidney function in critically ill patients with dialysis-
dependent AKI. It is important to look at individual and
overall predictors so that clinicians can assess the potential
for recovery of kidney function and implement appropriate
interventions to improve outcomes.
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MpeanKkTOpPU HeonopaBKa GyHKLMje bybpera Koa KPUTUUHO 06onenux 6onecHuKa ca
aKyTHUM owTeherbem 6ybpera neYeHUX KOHTUHYUPAHOM AUjaU30M

Broneta Knexxenh'?, TjaHa Asawesau'?, [paraHa Munujawesuh®’, Ypow Munowesuh*', Nlaga Metposuh'2

'YHuep3tuteT y HoBom Capy, MeanumHckn dakyntet, Hosu Cag, Cpbuja;
2YHNBEP3UTETCKI KNMHUYKM LieHTap BojBoauHe, KnuHuka 3a Hedponorujy u knuHndky umyHonorujy, Hosu Cag, Cpbuja;

3MHCTUTYT 3a jaBHO 3apaBsbe BojsoauHe, Hosu Cag, Cpbuja;

*YH1BEP3UTETCKM KNMHNYKM LieHTap BojsoaunHe, KnnHika 3a abgomuHanHy 1 eHgokpuHy xupyprijy, Hosu Cag, Cpbuja

CAXETAK

YBop/Unm AkyTHo owteherse 6ybpera (AObB) yecta je komnau-
KaLwja Kog KpUTYHO obonenunx 6onecHrKa XocnmTann3oBaHmx
y ofiesberbiMa MHTEH3MBHOT fleyetsa. Linsb oBe cTyauje je yTBp-
hHnBare npeBaneHuje U NpeguKTopa HeonopaBKa GpyHKLUMje
Oybpera Koa KpUTMYHO obonenunx bonecHrka ca AOB 3aBucHUM
of anjanuse (AOB-1).

Metope Cryavjom je 6uno obyxsaheHo 440 6onecHnKa neue-
HWX Ha Ofie/berby MHTEH3MBHOT Nleuetba YHNBEP3UTETCKOT K-
HuyKor LieHTpa BojsoguHe y nepuogy o 2014. go 2018. rognHe
KOju Cy 3axTeBanu KOHTVHYMpaHy 3ameHy GpyHKUuje bybpera.
AHanu3upaHu cy aemorpadcku, KNMHNYKIM 1 nabopatopujcki
napameTpu, KomopbuauTeTy, notTpeba 3a Ba3oNpPecopHOM Te-
panmjom 1 MexaH1YKoM BeHTunauujom y aaHy notspheHor AOb
1 MoAanuTeTy 3ameHe ¢yHKLuje bybpera.

Pesyntatu PeTpoCneKTMBHOM aHanv3oM pesynTata ycTaHo-
BJbEHO je Aa of yKynHo 440 6onecHmka ca AOB-[1, 242 (55%)
6onecHuKa, NpoceyHe ctapocTu 63,14 roarHa, H1UCY ornopa-
Buna GyHKUwjy 6ybpera. 3HauyajHV NpeAnKTOpY HeornopaBKa
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dyHKUMje Bybpera Kop KputuyHo obonenux ca AOB-L] 6unm cy:
CTapocCT U3Hag 65 roamHa (p = 0,044), Bpeme noyeTka Tepanuje
3ameHe ¢yHKUuje 6ybpera (p = 0,043), MexaHWuKa BeHTMNaLWja
(p = 0,044) n npetxogHe 6onectu bybpera (p = 0,005). 3Hauaj-
HV NpeJuKTOpU HeornopaBka dyHKLuje bybpera kKop cenTuy-
Hux 6onecHuka ca AOB-[] 6unu cy: ctapocT n3Hag 65 rogunHa
(p =0,002), anjabetec menutyc (p = 0,023), npeTxofHe 6onecTtun
6y6pera (p = 0,045), CRP BpegHoctu < 100 mg/I (p = 0,033) n
npokanuuToHuH (p = 0,010), LOK Cy 3HauajaH MPEANKTOP HEOMo-
paBKa GpyHKUWje bybpera Kog KpUTUYHO 06onennx 6onecHrKa
6e3 cence 6une npeTxogHe 6onectun bybpera (p = 0,035).
3akmyuak Of CBUX UCMUTUBAHUX MPEANKTOPA Ha YKYMHOM
Y30PKY, I KOZI CENTUYHUX 1 KOJ HECENTUYHUX BONTECHMKA,
npeTxogHe 6ybpexxHe 6onecTv npeacTaBbajy Hajsehun pusnk
3a HeonopaBak GyHKLMje bybpera Kof KpUTMUHO obonenunx
6onecHuKka ca AOB-/I.

KmbyuHe peun: akyTHo owTehere bybpera; onopasak bybpe-
XHe QyHKUMje; KpUTUYHO oboneny; cenca
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SUMMARY

Introduction/Objective The goal of our research was to evaluate diagnostic and prognostic role of
positron emission tomography/computed tomography (PET-CT) in patients previously treated for uterine
cancer and compare it to conventional imaging methods (CIM).

Methods We analyzed 37 patients examined on PET-CT for follow-up or suspicion of uterine cancer
recurrence, and who were previously treated with surgery and/or chemoradiotherapy. All patients un-
derwent CT or magnetic resonance imaging prior to PET-CT, and were followed-up for at least one year.
Results PET-CT showed sensitivity, specificity and diagnostic accuracy in uterine cancer relapse detection
of 96.3%, 70%, and 89.2%, while those values for CIM were 92.6%, 40%, and 78.4 %, respectively. Correla-
tion of PET-CT and CIM findings was 78% (29/37). In 13 out of 25 true positive patients on CIM, PET-CT
found greater number of active sites missed by conventional imaging. Positive findings on PET-CT were
associated with shorter progression free survival (p = 0.023, logrank test).

Conclusion PET-CT constitutes an important diagnostic method in management of recurrent cancer of
uterine corpus, demonstrating high sensitivity and accuracy. In comparison to CIM, PET-CT can discover
larger number of active tumor sites, and also shows better specificity. PET-CT positive patients have worse
prognosis with shorter progression free survival.

Keywords: endometrial cancer; fluorodeoxyglucose; progression free survival; sensitivity; specificity;
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uterine sarcoma

INTRODUCTION

Uterine cancers represent most common gyne-
cological cancer in developed countries, being
the fourth most common malignant tumor and
participating with up to 5% in cancer-related
death among women [1, 2]. Over 400,000
newly developed cases of uterine cancers were
documented in 2020 worldwide [3]. During
the last couple of decades, slight increase in
uterine cancer incidence has been observed,
which could be attributed to population ag-
ing, fertility decrease, and increase in preva-
lence of certain risk factors such as obesity,
polycystic ovarian syndrome, lack of physical
activity etc. [4]. Uterine malignant tumors
can be of epithelial (endometrial carcinoma)
and mesenchymal (uterine sarcoma) origin.
Histopathological classification of uterine can-
cers should be performed according to World
Health Organization criteria [5].

Primary treatment of uterine cancer con-
sists of hysterectomy with ovariectomy, with
or without lymph nodes dissection, and in
case of positive risk factors adjuvant therapy
(chemotherapy and/or irradiation) should
be taken into consideration. Despite optimal

surgical and adjuvant treatment, 7-15% wom-
en who initially had early stage endometrial
carcinoma [stages I and II as defined by The
International Federation of Gynecology and
Obstetrics (FIGO)] develop recurrent disease,
and women with more advanced disease at
diagnosis have much higher chances of recur-
rence [6]. Endometrial cancer relapse can be
difficult to treat, particularly in patients who
already received radiotherapy, or have oligo-
metastatic disease. In the past couple of years,
five-year survival rate of women with relapsed
endometrial carcinoma registered three-fold
increase, from 25% to 75%, due to better selec-
tion for treatment [6]. Therefore, for better pa-
tient selection, research of predictive biomark-
ers and prospective outcome analysis in larger
study population is of key importance [6]. In
patients with uterine sarcomas, high recurrence
rate is present in all disease stages, despite sur-
gery and adjuvant therapy, with the recurrence
rate of 53-71%, from which 22% was pelvic,
58% distant, and 20% mixed [7].

Positron emission tomography (PET) with
¥EF-fluorodeoxyglucose (FDG) represents func-
tional imaging modality which is used in ini-
tial staging, therapy evaluation, restaging and
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follow-up of cancer patients. Combined with computed
tomography (CT) in the same device, PET-CT represents
hybrid imaging which evaluates both, functional metabolic
parameters assessing disease activity in loco-regional and
distant tumor sites and their morphological characteristics.
Another important characteristic of FDG PET-CT imaging
is its standard procedure of assessing the whole body; i.e.,
from head to thighs, with a possibility to discover distant
lesions together with loco-regional status evaluation, which
could suggest its superiority compared to CT and particu-
larly magnetic resonance imaging (MRI). Furthermore, it
was shown that certain FDG PET-CT parameters could
have potential role as predictive biomarkers in endometrial
carcinoma and uterine sarcoma patients [8, 9]. However,
current guidelines recommend conventional imaging
methods (CIM), that is CT and/or MRI, as imaging mo-
dalities of choice in suspected recurrent uterine cancer,
with PET-CT being considered only in selected cases [10].
With increase in number of studies regarding the use of
diagnostic imaging methods in oncological patients, it
was shown that the data obtained by FDG PET-CT could
be beneficial in management of these patients. However,
information with regard to the role of FGD PET-CT in
gynecological malignancies are still relatively limited, with
no agreement in FDG PET diagnostic accuracy in com-
parison to CIM among recent studies when it comes to
women with uterine neoplasms, and further investigations
are needed to precisely determine the validity and useful-
ness of these methods [11].

Based on the previously mentioned, primary aim of our
research was FDG PET-CT role evaluation in women who
underwent treatment for uterine cancer, with the assess-
ment of its diagnostic performances. Additional goals were
to compare performances of FDG PET-CT to morpho-
logical imaging methods — CT and MRI, and to determine
their potential prognostic role in these patients.

METHODS
Study population

Our research was designed as retrospective cohort study
which included women who received treatment for cancer
of the uterus. Patients were referred to Center for Nuclear
Medicine with PET, University Clinical Center of Serbia
for FDG PET-CT examination between January 2015. and
December 2019, for following indications: clinical suspi-
cion for disease relapse, new lesions on conventional im-
aging, or routine follow-up. All patients fulfilled certain
criteria, and inclusion criteria were the following:

1) pathohistologically proven malignant tumor of uter-

ine corpus;

2) completed primary therapy (surgery + chemo/ra-

diotherapy);

3) CT or MRI of abdomen and pelvis no more than

three months before PET-CT;

4) minimum patient follow-up time of 12 months after

PET-CT.
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Exclusion criteria were:
1) previously proven another malignant tumor;
2) less than three months after surgery/irradiation and
less than four weeks after chemotherapy until PET-
CT imaging.
Approval for this study was obtained from the institu-
tions’ Ethics board (number 668/6), while all patients have
signed written consent.

FDG PET-CT protocol

Hybrid PET-CT machine Biograph True 64 (Siemens AG,
Erlangen, Germany) was used for imaging of all patients.
After a minimum of six hours of fasting, mean dose of 5.5
MBq/kg of FDG was intravenously administered to exam-
inees. Blood glucose level had to be less than 11 mmol/],
measured just before FDG administration. Patients sub-
sequently rested for 60-90 minutes post-injection, before
the imaging. Imaging protocol consisted of non-contrast
low-dose CT (120 kV, 40 mAs, slice thickness 5 mm, pitch
1.5, time of rotation 0.5s), and immediately after that three-
dimensional acquisition by PET. Images were acquired
from scull base to upper femurs. Syngo Multimodality
workstation VE31A (Siemens Medical Solutions, USA,
Inc.) was used for image interpretation. Qualitative and
semi-quantitative analysis of PET-CT findings was per-
formed. All lesions which demonstrated elevated FDG ac-
cumulation on PET, even in the absence of morphological
lesions on CT, were considered as positive for relapse, after
the benign and physiological causes of FDG uptake were
excluded. In semi-quantitative analysis, maximum stan-
dardized uptake values (SUVmax) of pathological lesions
were calculated, with following formula: activity in the tis-
sue (count/pixel/s) multiplied by calibrating factor, divided
by administered radioactive dose (MBq/kg body weight).
SUVmax is represented by voxel with greatest activity in
designated volumes of interest - pathological areas of el-
evated fluorodeoxyglucose accumulation on reconstructed
PET images. However, semi-quantitative analysis using
SUVmax was only used as an additional mean of inter-
pretation, with no threshold value for diagnosing recur-
rence. Two nuclear medicine specialists analyzed PET-CT
findings separately, with no available information from
previous conventional imaging results. If no agreement
was achieved, expert team reviewed the images and made
final decision. PET-CT results were assigned as follows:
1 - positive for recurrence; 2 - normal PET-CT findings.
Positive PET-CT results were then divided in three catego-
ries: only loco-regional relapse, distant metastasis without
locally active tumor, and both local and distant recurrence.

Magnetic resonance imaging and computed
tomography imaging

For comparison with hybrid imaging, written reports of
conventional imaging modalities (CT or MRI) were ac-
quired. MRI examinations contained of T1 and T2 se-
quences, post-contrast and diffusion-weighted (DWI)
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images, with abdominal and pelvic region included, in all
women who underwent MRI. High resolution contrast
enhanced CT images, with minimum one portal-venous
phase acquisition included, were acquired from remain-
ing patients. All conventional imaging results were also
defined as positive or negative for recurrence, according
to current interpretation guidelines.

For calculation of conventional and hybrid imaging di-
agnostic performances final diagnosis (reference standard)
was obtained pathohistologically (biopsy or surgery) when
possible, while in other cases women were followed-up
clinically and by imaging, for minimum six months, in
order to confirm/refute diagnosis made by index (imag-
ing) tests.

Patients follow-up

Information about disease progression was acquired from
patients’ medical records. Follow-up of all patients con-
sisted of anamnesis, clinical examinations, and diagnostic
imaging in form of CT/MRI/PET-CT according to clini-
cal indications. Longest follow-up period was 3.5 years
(41 months), with median follow-up time of 13 months.
Progression of disease was declared in cases of new dis-
ease sites or progression in size / number / FDG uptake
level detected on imaging during follow-up, and in cases
of death due to tumor. Progression free survival time was
calculated from the day of PET-CT examination until de-
tection of progression, or until the end of follow-up time
if there was no progression.

Statistical analysis

Descriptive and analytical statistical methods were used in
data analysis. Sensitivity, specificity and diagnostic accuracy
of conventional imaging (CT/MRI) and PET-CT were cal-
culated using standard formula, on patient basis. Survival
analysis in settings of positive and negative CIM findings,
positive and negative hybrid imaging results, and with dif-
ferent types of PET-CT positive results (loco-regional relapse
only/distant lesions only/both local and distant disease) was
performed using Kaplan-Meier and logrank tests. IBM SPSS
Statistics program, Version 25.0 (IBM Corp., Armonk, NY,
USA) was used for all statistical calculations, and p value
< 0.05 was considered statistically significant.

RESULTS

Total of 37 women was included in the study, average age
60 + 16 years. Most of the patients had FIGO I or II initial
disease stage, which were present in 25/37 females (68%),
whereas the remaining patients were diagnosed with ad-
vanced disease (FIGO stages III and IV). Endometrioid
type endometrial carcinoma was the most common his-
tological tumor type, proven in 27/37 women, while the
remaining examinees had some of the other types: carcino-
sarcoma in four cases, three patients with endometrial stro-
mal sarcoma, two leiomyosarcoma, and one case of serous

‘ DOI: https://doi.org/10.2298/SARH230504013S
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endometrial adenocarcinoma. In 28/37 cases we managed
to acquire information on histological tumor grade, with
even distribution of grades among patients. In Table 1, an
overview of patients’ clinical data, pathohistological and
imaging results is displayed.

Table 1. Patients’ characteristics

Characteristic ‘ Value

Age (years)

mean + sd ‘ 60+ 16

Initial FIGO disease stage, n (%)
| 14 (38%)
I 11 (30%)
1} 8(21%)
\Y 4 (11%)

Tumor histological type, n (%)

Endometrial carcinoma 32 (86%)
Endometrioid type 27 (73%)
serous adenocarcinoma 1(3%)
carcinosarcoma 4 (11%)

Uterine sarcoma 5 (14%)
Leiomyosarcoma 2 (5%)
Endometrial stromal tumor 3 (8%)

Tumor grade, n (%)

Low grade 9 (24.3%)
Intermediate grade 9 (24.3%)
High grade 10 (27%)
Unknown 9 (24.3%)

CT/MRI findings, n (%)

Positive 31 (84%)
Negative 6 (16%)

PET-CT findings, n (%)

Positive 29 (78%)
Negative 8 (22%)

FIGO - the International Federation of Gynecology and Obstetrics;
CT - computed tomography, MRl - magnetic resonance imaging;
PET-CT - positron emission tomography / computed tomography

Results of conventional imaging (CT or MRI) were
positive for relapse in 31 women (84%), while six patients
(16%) had negative CT/MRI results. Calculated sensitivity
and diagnostic accuracy of CI/MRI in detection of uter-
ine cancer recurrence were 92.6% and 78.4%, respectively,
with much lower specificity of only 40%. Positive predic-
tive value was 80.6% and NPV was 66.7%.

In eight patients (22%), PET-CT results were negative
for uterine cancer recurrence. Out of remaining 29 women
with positive PET-CT, nine (24%) had loco-regional lesions
only, in 10 patients (27%) only distant metastatic sites were
detected, and 10 women (27%) were presented with both
local and disseminated active lesions on FDG PET-CT
(Figures 1 and 2). FDG PET-CT displayed better diag-
nostic abilities in comparison to CIM, with sensitivity of
96.3%, specificity of 70%, PPV and NPV 89.7% and 87.5%
respectively, and diagnostic accuracy of 89.2% (Table 2).
Concordance of hybrid imaging with CIM findings was
present in 29/37 patients (78%). With regard to conven-
tional imaging true positive examinees, in 52% (13/25) of
cases additional active disease sites were seen on hybrid
imaging, missed by CT/MRL
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loco-regional disease only (PFS 26.3 + 5.6
months) (p = 0.002) (Figure 5).

DISCUSSION

This study analyzed diagnostic abilities and
prognostic role of FDG PET-CT in patients
treated for uterine corpus cancer, and com-
pared it to conventional imaging (CT and
MRI). Our results suggest high sensitivity
and accuracy of FDG PET-CT in detection
of uterine cancer relapse, with also better
specificity comparing to conventional imag-

Figure 1. Local relapse after surgery for uterine sarcoma presented as '®F-fluorodeoxy-
glucose avid lesion on positron emission tomography / computed tomography, without

signs of distant disease spread

ing. Furthermore, PET-CT positive patients
show shorter progression free survival.

In our research, obtained values of sen-
sitivity and accuracy of PET-CT in pa-
tients treated for uterine cancer were high,
reaching 96.3% and 89.2%, respectively.
Systematic review and meta-analysis by
Bollineni et al. [12], which included eight
papers, also reported high sensitivity and
diagnostic accuracy of PET-CT in detec-
tion of recurrent endometrial cancer, with
values of 95% and 93%, respectively, which
is in concordance with our results. On the
other hand, specificity in our study was
only 70%, somewhat lower than in afore-
mentioned meta-analysis where it reached
91%. One of the main drawbacks of FDG
PET-CT is its lack of specificity, since both
malignant and benign (mostly inflamma-

Figure 2. Lung metastasis on '*F-fluorodeoxyglucose positron emission tomography
/ computed tomography in patient previously treated with surgery and irradiation for

endometrial adenocarcinoma

Table 2. Diagnostic performance of CT/MRI and PET-CT

tory) lesions can show elevated fluorode-
oxyglucose uptake, and our results could
be explained by high prevalence of post-
therapeutic and unspecific inflammation
in our patients, combined with relatively

TP (n) | TN (n) | FP (n) | EN (n) | Sensitivity (%)

Specificity (%)

Accuracy low number of true negatives. False positive
(%) PET-CT results in our study were caused

CT/MRI| 25 4 6 2 92.6% 40%

784% by granulomatous post-treatment inflam-

PET-CT | 26 7 3 1 96.3% 70%

CT - computed tomography; MRI - magnetic resonance imaging; PET-CT - positron emission

tomography / computed tomography; TP — true positive; TN - true negative;
FP - false positive; FN - false negative

In 21/37 cases, there were signs of progressive disease
during follow-up. Women with pathological CT/MRI
results had mean PFS time of 19.8 + 2.8 months, while
in patients with normal conventional imaging findings
mean PFS was 34.3 £+ 5.2 months (p = 0.114) (Figure 3).
On the other hand, women with positive PET-CT find-
ings had shorter mean PFS of 18.3 + 2.8 months than
PET-CT negative patients, with mean progression free
survival time of 31.4 + 3.4 months (p = 0.023) (Figure 4).
Moreover, women who had both loco-regional and distant
disease relapse on hybrid imaging had the shortest PFS
of 9.4 + 2.4 months, followed by patients with only dis-
tant metastasis (PFS 20.9 + 4.7 months), and women with
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89.2% mation, reactive inflammatory changes in
lymph nodes, and bone osteoporosis. When
it comes to uterine sarcomas, literature data
show somewhat different results of PET-CT
diagnostic abilities in patients after primary
treatment. In a paper by Albano et al. [13] that evaluated
41 women treated for uterine sarcoma, obtained values of
FDG PET-CT diagnostic capabilities were 88% for sen-
sitivity, 98% for specificity and 93% for accuracy. With
regard to low number of uterine sarcoma patients in our
research (n = 5), that could explain partial discrepancies
with our results.

In women treated for uterine neoplasms in our research,
PET-CT showed somewhat better sensitivity than conven-
tional imaging (96.3% for PET-CT vs. 92.6% for CT/MRI).
However, the main advantage of hybrid imaging compar-
ing to conventional methods in our study was considerably
higher specificity (70% for PET-CT vs. 40% for CT/MRI)
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Figure 3. Kaplan-Meier survival curves showing progression free sur-
vival in patients with negative and positive computed tomography /
magnetic resonance imaging (CT/MRI) findings; logrank, p =0.114
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Figure 4. Kaplan-Meier survival curves showing progression-free
survival in positron emission tomography / computed tomography
(PET-CT) negative and positive patients; logrank, p = 0.023
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Figure 5. Kaplan—Meier survival curves showing progression free
survival depending on type of positron emission tomography / com-
puted tomography (PET-CT) findings: 0 — negative positron emission
tomography / computed tomography, 1 - loco-regional lesions only,
2 — distant metastasis only, 3 - both loco-regional and distant active
disease; logrank, p = 0.002

and subsequently higher overall accuracy (89.2% for PET-
CT vs. 78.4% for CT/MRI). Higher specificity of PET-CT
comparing to CIM could be the result of morphologically
still present lesions (post-therapy sequels) on conventional
imaging, but without metabolic activity. Ozcan Kara et al.
[14] also evaluated post-treatment PET-CT in 31 patients
with endometrial carcinoma, showing its superiority over
conventional imaging, but with main difference in sensitivity

‘ DOI: https://doi.org/10.2298/SARH230504013S

Stojiljkovi¢ M. et al.

values (100% PET-CT vs. 46% CIM), while both PET-CT
and CIM had relatively high specificity. However, overall
accuracy of both PET-CT and CIM (97% and 74%) in their
research was similar to ours. One of the possible explana-
tions of only partial agreement with our results was relatively
small sample size in both studies, with significantly higher
fraction of negative vs. positive imaging results in the work
of Ozcan Kara et al. [14] comparing to our sample. On the
other hand, Albano et al. [15] did an analysis on 157 women
with suspicion of relapsed endometrial cancer, where they
obtained high values of sensitivity, specificity and accuracy
for FDG PET-CT (96%, 99%, 97%, respectively), with infe-
rior results of conventional imaging, particularly concerning
specificity (sensitivity 97%, specificity 62%, accuracy 80%),
which is in agreement with our results. Similar results were
attained in a study by Sharma et al. [16], where PET-CT
showed higher specificity and accuracy (96.4% and 92.1%,
respectively) in detecting recurrent endometrial cancer
than CIM (62% and 76.3%, respectively), with comparable
sensitivity (85.1% PET-CT vs. 89.5% CIM), thus being in
concordance with our research. With regard to imaging of
uterine sarcoma after primary treatment, Sharma et al. [17]
also demonstrated superior sensitivity, specificity and ac-
curacy of hybrid imaging over CT/MRI (85.7%, 100% and
93.3% vs. 57.4%, 87.5% and 73.3%, respectively) in their
analysis on 12 patients, with higher fraction of negative vs.
positive imaging findings than in our sample, which can
explain partial discrepancies with our results.

Besides aforementioned, PET-CT showed another ad-
vantage over CIM in uterine cancer, since it detected ad-
ditional metabolically active recurrent lesions in 13 out of
25 CT/MRI true positive women, which can be of great
importance in further patient management and change
treatment approach, e.g., by choosing systemic over lo-
cal treatment. Accordingly, it was previously shown by
Panagiotidis et al. [18] that in patients with intra-abdom-
inal malignancies (including uterine cancer patients) and
with negative CIM results, PET-CT can often detect missed
peritoneal and other active lesions. In a paper by Ferioli
etal. [19] it was demonstrated that postoperative PET-CT
can change treatment plan endometrial cancer patients in
8.6-22.4% of cases, which was afterwards also confirmed
by Albano et al. [15] who showed that PET-CT influenced
therapeutic approach in 33/157 suspected recurrent endo-
metrial carcinoma patients. Impact of hybrid imaging on
therapy decision was also shown in women with suspected
recurrent uterine sarcoma [13, 20].

Although CT/MRI negative patients had shorter pro-
gression free survival in comparison with CIM positive
women treated for uterine cancer in our study, that did not
reach statistical significance. However, PET-CT positive
patients had significantly shorter PFS than women with
normal PET-CT findings (18.3 + 2.8 months vs. 31.4 + 3.4
months). These results are concordant with findings of
Albano et al. [15] which also showed longer PES but also
longer overall survival in patients with suspected recurrent
endometrial cancer and negative PET-CT. In addition, in
our research we also demonstrated PFS differences in PET-
CT positive patients depending on disease spread: in cases
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with only loco-regional disease detected PFS was longest
(26.3 * 5.6 months), followed by that in women with dis-
tant lesions only (PFS 20.9 + 4.7 months), and patients with
both local and distant active disease present on PET-CT
who had shortest PES of only 9.4 + 2.4 months. In a study
on 61 patients treated for endometrial carcinoma, Chung
et al. [21] found that post-treatment PET SUVmax values
correlated with disease-free survival, such as that patients
with SUVmax < 4.25 had statistically longer disease-free
survival. Saga et al. [22] also analyzed possible prognostic
role of PET in 21 women treated for endometrial carci-
noma, and suggested that negative PET finding could be a
predictor of good prognosis.

One of the limitations in our study was relatively small
sample size. The other drawback is lack of histopathologi-
cal confirmation in all of our patients as a gold standard.
Furthermore, this study included somewhat heterogeneous
sample of tumor histopathological types, which can have
different prognosis in general, but with endometrioid type
endometrial cancer being most common by far. However,
this can better reflect role of FDG PET-CT in everyday
clinical practice.

CONCLUSION

Our results suggest important role of FDG PET-CT in
clinical practice in follow-up and suspicion for recurrence
of uterine cancers, with high sensitivity and overall accu-
racy. Additional advantage of PET-CT over CT and MRI
could be its capability to discover larger number of active
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yTepyca

Munuua Crojurbkosuh'?, [iparana LLlobuh-LlapaHosuh'?, Crpaxnta Oganosuh'?, JeneHa Metposuh'?,
MapwuHa Monosuh-Kpreta®, Munow Bembkosuh', HeeHa PaHkosuh', Bepa ApTuko'?
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CAXETAK

YBoa/Lusm Linms oBe ctyamje je 61o fa ce ncnuta gujarHocTmy-
Ka 1 NMPOrHOCTMYKa Y/iora MO3UTPOHCKE eMCMOHe ToMorpaduje
ca KomnjyTepuzoBaHom Tomorpadujom (MET-KT) kog 6onecHmua
NPETXOAHO NeYEHVX 0 MaIUrHNX Tymopa yTepyca, y3 nopehe-
H€e Ca KOHBEHLIMOHANMHUM MeTolama cHuMarba (KMC).

Metopg AHanusupaHo je 37 ncnutaHuua Koje cy ynyheHe Ha
nperneg MNET-KT y cknony npahera nnv cymme Ha peynams
nocne neyerba MaIUrHUTETa yTepyca XMpPypPrjom, XxeMopaam-
oTepanujom 11 KoMorHalmjom HaBegeHor. CBe bonecHuue
NoABPrHyTe Cy KOMNjyTepu3oBaHoj Tomorpaduju unm mar-
HeTHOj pe3oHaHuu npe nperneaa MNET-KT n 6une cy npaheHe
Hajmatbe jeHy rogunHy.

Pe3ynrtaTtm YKynHa ceH3UTUBHOCT, cneyndUUHOCT U JujarHo-
CTMYKa TaYHOCT y OTKPUBakby peLyamnBa paka yTepyca nsHocune
cy 96,3%, 70% 1 89,2% 3a MET-KT 1 92,6%, 40% 1 78,4% 3a KMC.

DOI: https://doi.org/10.2298/SARH230504013S

Kopenauuja MET-KT n KMC 6una je npucytHa y 29/37 cnyyajeBa
(78%). Kog 13 op 25 cTBapHO NO3UTUBHUX UCNUTaHKLa Ha KMC,
MET-KT je otkpuna gofatHe nesuje. lNo3ntmeaH Hana3 Ha MET-KT
610 je noBe3aH ca Kpahum NpexuBIbaBatbeM 6e3 nporpecuje
6onectu (p = 0,023, nor-paHr TecT).

3akmyuyak [ET-KT npepcrasba BaxHO AWjarHOCTUYKO Cpef-
CTBO Kof 60onecHuLa neyeHnx of paka Tena matepuue, no-
Ka3yjyhn BUCOKY CEH3UTUBHOCT 1 AMjarHOCTUYKY TaYHOCT. Y
nopehery ca KMC, MET-KT moxe oTkpuTy Befii 6poj akT1BHIX
TYMOPCKMX Nle3uja 1 nokasyje 6osby cneumdnyHoct. bonecHuue
Ca No3unTMBHUM Hanasmma Ha MNET-KT nmajy nowwwnjy nporHosy v
Kpahe Bpeme npexuBrbaBama 6e3 nporpecuje 6onectu.

KrbyuHe peun: eHAOMETPYjanH1 KapLriHOM; GbyopoaeoKcu-

r1yKo3a; NPeXBIbaBatbe 6€3 nporpecuje 6onecTy; capkom
yTepyca; CEH3UTUBHOCT; CneLnduyHoCT
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SUMMARY

Introduction/Objective Intraocular pressure is an important parameter of eye health, especially when
glaucoma is suspected. So far, few studies have been published that aimed to determine the average
value of intraocular pressure and central corneal thickness in a healthy population aged 20-30 years.
The aim of this study was to determine the distribution of the values of intraocular pressure and central
corneal thickness in healthy student population.

Methods In a cross-sectional study, intraocular pressure and central corneal thickness were measured
on a sample of a healthy population, aged 22-37 years. Intraocular pressure was measured using the
Goldmann applanation tonometry method, while central corneal thickness was measured using ultra-
sound pachymetry. The analysis of numerical values was done using the methods of descriptive statistics.
Results By measuring intraocular pressure and central corneal thickness in 641 subjects (1282 eyes), the aver-
age value of intraocular pressure was determined to be 14.79 + 2.31 mmHg, and central corneal thickness
was 553.92 + 25.56 um. By comparing two groups of subjects, one male group and the other one female,
we determined that there was no statistically significant difference in the average value of intraocular pres-
sure (t-test, p > 0.05), and the average value of central corneal thickness (t-test, p > 0.05) between the sexes.
Conclusion The determined average value of intraocular pressure and central corneal thickness is similar
to those determined in other cross-sectional studies of this type. No statistically significant difference

was found in the intraocular pressure values and the central thickness of the cornea by sex.
Keywords: intraocular pressure; central corneal thickness; students

INTRODUCTION

Intraocular pressure (IOP) is one of the most
important parameters of eye health. Its values
represent the result of the dynamic balance
of aqueous humor production and outflow.
Elevated IOP is the most significant risk fac-
tor for glaucoma, and factor for the conversion
of ocular hypertension to primary open-angle
glaucoma [1, 2]. IOP is routinely measured for
diagnosis and monitoring of glaucoma suspects
and patients [3]. All this indicates the great im-
portance of determining the correct IOP values.
Goldmann applanation tonometry (GAT) is the
gold standard technique for measuring IOP.
However, the accuracy of the results obtained
by this procedure can be affected by several fac-
tors, the most significant of which is central
corneal thickness (CCT) [4, 5]. In general, a
thinner cornea leads to a lower IOP reading,
while a thicker cornea leads to a higher IOP
reading than their actual values [6, 7].
Statistically, an IOP value of 21 mm Hg is
widely accepted as the borderline between
normal and elevated. When calibrating the
Goldmann tonometer, Goldmann assumed a
CCT of 0.5 mm and emphasized that variations
in corneal thickness could, in theory, affect the
measurement [8]. Information on differences

in CCT values obtained through in vivo mea-
surements subsequently became available [9].

CCT can be measured by different meth-
ods, but ultrasound pachymetry is considered
the most reliable [10]. Finally, the association
between decreased CCT values and readings of
apparently decreased IOP values has prompted
research into the role of CCT measurements in
the early diagnosis of glaucoma [11, 12]. Most
of the studies on CCT were performed on the
population suffering from glaucoma or other
ophthalmic diseases.

There are not many studies that have dealt
with normal IOP values in a healthy young
population. The aim of the present study was to
investigate IOP and CCT values in the healthy
population aged 20-40 years.

METHODS

This cross-sectional population-based obser-
vational study comprised 641 students of the
Faculty of Medicine, University of Belgrade, of
both sexes, aged 22-37 years. This study was
conducted according to the principles of the
Helsinki declaration and the consent of the
Ethics Committee of the Faculty of Medicine,
Belgrade, Serbia, was acquired. All subjects
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were informed about the test methods before the mea-
surement, and written informed consent was obtained.
All subjects underwent a complete ophthalmic examina-
tion consisting of a medical history, best corrected visual
acuity, slit-lamp biomicroscopy (Haag-Streit AG, Bern,
Switzerland), GAT (Haag-Streit AG), fundoscopy, CCT.
Exclusion criteria were as follows: any form of glaucoma
or systemic disease that might influence IOP values, previ-
ous intraocular surgery or trauma, pregnancy, allergy to
tetracaine.

Goldmann tonometer, slit lamp mounted (Haag-Streit
AG) was used for GAT. Tetracaine 1% and fluorescein
sodium 2% strips were used for the GAT measurements.
All GAT measurements were done during morning hours
(9-11h) of the day, in the sitting position. The mean IOP
and CCT value was obtained from three consecutive mea-
surements. PalmScan AP 2000 Ophthalmic Ultrasound
2007 (Micro Medical Devices Inc., Calabasas, CA, USA)
was used for CCT measurements after instillation of 1%
tetracaine, and the mean of three readings was calculated
for each tested eye.

The analysis of numerical values was done using classic
methods of descriptive statistics, x test (for data analysis
within groups) and t-test (for analysis between groups),
arithmetic mean, median of mean values, and measures of
variability with standard deviation, coefficient of variation
and standard error, as well as the minimum and maximum
value. A value of p < 0.05 was considered statistically sig-
nificant.

RESULTS

The examination was performed on a sample of a healthy
student population of 641 subjects (1282 eyes). The average
age of the respondents was 24.41 + 0.99 years.

The determined average values of IOP and CCT are
listed in Table 1.

Table 1. Average intraocular pressure and central corneal thickness
values in tested students

10P CCT
X 14.79 + 2.31 mmHg 553.92 + 25.56 ym
range 10-24 mmHg 470-697 pm

IOP - intraocular pressure; CCT - central corneal thickness

Table 2. Average intraocular pressure and central corneal thickness
by sex

female male
Number of subjects/% | 414 (828 eyes)/62.81 | 227 (454 eyes)/37.19
10P (mmHg) 14.69 + 0.41 14.932 £ 0.48
CCT (um) 553.39+4.13 55499 + 7.44

0P —intraocular pressure; CCT - central corneal thickness

Table 3. Average intraocular pressure and central corneal thickness
by right/left eye

Right eye Left eye p
10P (mmHg) 15.13+0.48 15.9+0.45 0.9
CCT (um) 563.64 £ 5.82 563.23 £5.23 0.99

IOP - intraocular pressure; CCT - central corneal thickness

DOI: https://doi.org/10.2298/SARH231008016S
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By comparing two groups of subjects, one of which was
male (227 subjects, 454 eyes) and the other female (414
subjects, 828 eyes), it was determined that there was no sta-
tistically significant difference in the average value of IOP
(Student’s t-test, p > 0.05), and the average value of CCT
(Students’s t-test, p > 0.05) between the sexes (Table 2).

Analysis of the average values of IOP and CCT of the
right and left eyes revealed no statistically significant dif-
ferences (p > 0.05) (Table 3).

DISCUSSION

The role of IOP and its connection with glaucoma has been
the focus of scientific research practically since the first
definition of glaucoma as an eye disease. While this defi-
nition of glaucoma currently rests more on structural and
functional damage [13], IOP measurement is still used as
a mandatory, simple, accessible and economical method in
approaching high-risk patients. Many studies have docu-
mented an association of increased incidence of glaucoma
with increasing IOP values [14, 15], and especially with
values above 20-23 mmHg [16, 17]. However, a study on
a Latino population found this association with IOP val-
ues above 30 mmHg [18]. There are numerous data in the
literature for the average statistical normal value of IOP,
but few studies have addressed this question in different
age groups, especially in the age group of 20-30 years [19].
In the study by Dane et al. [20], which was done on 125
subjects, finding of higher IOP in women was explained by
estrogen effects. Some of published studies aimed to study
IOP daily fluctuations in young people or the influence of
sleeping position on IOP values, but all of them are char-
acterized by a small number of subjects (10 or 20) [21, 22].

Normal IOP ranges 10-22 mmHg, with an average of
16 mmHg. Values for normal IOP have been obtained by
examining large population groups. One of the largest
studies was conducted on the population in Serbia in 1970,
when Cvetkovi¢ et al. [23] examined 3550 people of both
sexes over 40 years of age in the municipality of Opovo.
Measurements were made with a Schigtz impression to-
nometer, and mean IOP values of 16.85 + 3 mmHg were
obtained. There was no statistically significant difference
in the IOP level according to sex (although the IOP in
women was slightly higher, 17 mmHg, compared to men,
where it was 16.7 mmHg). As part of the aforementioned
project, part of the examination was performed using the
applanation tonometry method, but on a smaller sample
(512 subjects of both sexes), with very similar results — the
average IOP value was 16.47 + 3 mmHg. The mean IOP
value measured in this study (15.11 + 2.35 mmHg) cor-
responds to those recorded in earlier studies of this type
involving healthy Caucasian subjects of approximately
the same age [24]. One of the larger studies made in the
territory of the Republic of Serbia was conducted in the
period 2007-2012 in the territory of the City of Novi Sad,
but on the population of people who were being treated
for glaucoma in the ophthalmology services of primary
health care centers [25].
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IOP is a dynamic parameter that changes depending
on heart action (systole/diastole), inspiratory/expiratory
pressure, extraocular muscle tone, hormonal status, daily
rhythm of vagotonia and sympathicotonia, body position,
and is even related to the seasons. Also, IOP is known to
change with age. In newborn children and infants, and
during the entire first decade of life, lower IOP values than
those determined for the adult population are considered
to be normal [26]. In children in the first years of life, the
average normal IOP is below 15 mmHg, from the age of
6-12 years it is 11 + 2.5 mmHg [27], and in the decades
after the 50s, the average IOP value gradually increases,
but without statistically significant differences.

The IOP in the right and left eye of the same person is
practically the same, and 3 mmHg is accepted as a normal
difference. When measuring, it is usual to measure the IOP
first in the right eye, then in the left eye, and it is noted that
repeated measurement in the right eye usually gives lower
values. Probably one of the reasons is the relaxation of the
extraocular muscles during the repeated measurement,
or the discrete opening of the chamber angle due to the
pressure of the prism on the cornea. In our study;, it was
found that there is no significant difference between the
average IOP value between the right and left eyes, which
agrees with the results of earlier studies [28].

As for sex differences, it was found that women have
slightly higher IOP on average, but without statistical sig-
nificance. In our study, the determined average value of
IOP in female subjects is 15.23 + 0.43 mmHg, while in
male subjects it is 14.89 + 0.52 mmHg, with a difference
that is not statistically significant (p > 0.05).

CCT is routinely measured in clinical settings before cor-
neal refractive procedures, but also because it can potentially
significantly influence the reading of real IOP values and
consequently the classification and therapy of glaucoma.
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The average CCT value measured in this study

(563.65 + 27.74 um) confirms the values documented in
earlier studies performed on a similar sample [10, 29, 30].
In earlier clinical studies, the average value of CCT var-
ied from 520 pm when CCT was determined by optical
pachymetry to 540 pm when determined by ultrasound
[9, 29, 30]. By comparing the average CCT values between
the sexes, we found that there is no statistically significant
difference in the CCT value in the healthy population sam-
ple, which confirms previous studies, although the average
value was slightly higher in female subjects [9].

In this study, the average value of CCT between the

right and left eyes was determined, which was statistically
not significantly different. Previous studies with optical
pachymetry have shown that there is a systematic differ-
ence between the right and left eyes [30]. This may be
due to measurement error in the optical method when the
measurement is not positioned normal to the cornea. Such
measurement errors do not occur when using an ultrasonic
pachymeter because it reads a value only when the probe
is directed normally to the cornea. Indeed, other studies
using ultrasound pachymetry also found no statistically
significant difference between the right and left eyes [30].

CONCLUSION

In this study, we determined the average values of IOP and
CCT in a healthy student population, that is — the age group
from 22 to 37 years old. So far, similar studies have not been
done in our population. The average values of IOP and CCT
in our sample did not differ significantly from the values
obtained in similar previously published studies.
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BMCMHA MHTPAOKY/NAPHOT NPUTUCKA U LEHTPaNHa Ae6/bUHA PoKHbaue Kog 3apase

CTYAEHTCKe nonynauuje

Mupocnas CrameHkoBuh'?, iBaH Mapjanosuh3#, BecHa Mapuh®#, Tarba Kanesnh®#, Mapuja boxuh*#

'KnuHnuko-6onHnuKkn LeHTap ,3Be3gapa’, KnuHnka 3a ouHe 6onectn, beorpag, Cpbuja;
2Ynneep3utet y beorpagy, DakynTer 3a cneuunjanty eaykauujy u pexabunutauujy, beorpag, Cpouja;

*YHusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHnBep3UTeTCKM KNMHWYKKM LeHTap Cpbuje, KnuHuka 3a ouHe 6onectw, beorpap, Cpbuja

CAXETAK

Yeoa/LUunmb VHTpaoKynapHy NpyUTMCaK je 3HayajaH napameTtap
3[lpaB/ba OKa, a NocebHO Kafla MOCTOju CyMHba Ha riaykom.
PeTke cy o cafia 06jaB/beHe CTyauje Koje cy nmane 3a Lub
yTBphrBatbe NPOCeYHe BPeAHOCTM HTPAOKYapHOT MPUTICKA
1 LeHTpanHe Aeb/brHe poXhaye Ha 3ApaBoj nonynaunjm
ctapoctun 20-30 roguHa.

Linrb oBe cTyguje je yTBphrBame guctpubyuuje BpegHoCTu
VNHTPaoKynapHOr NpUTUCKa U LieHTpasnHe febrbnHe poxmaue
Kog ocoba 3paBe CTyAeHTCKe nomnynaumje.

MeTope Y cTyamnju npeceka BPLUEHO je Mepere BpeaHOCTH
VHTPaOKYNTapHOT MPUTKCKa 1 LieHTpasHe Aeb/biHe poxbaye Ha
Y30pKy 34paBe nonynauuje, crapoctn 22-37 roguHa. Mepeme
VHTPAOKyNnapHOr NPUTMCKa BPLUEHO je meTogom [ongmaHoBe
ansaHaynoHe TOHOMETpUje, OK je Mepetbe LeHTpaHe
neb/buHe poXrbaye BPLIEHO YITPa3ByYHOM NaxMMeTPjoM.
AHanv3a HyMepnuKrx BpegHoCTu paheHa je MeTogama onmcHe
cTaTuCTrKe.

DOI: https://doi.org/10.2298/SARH231008016S

Pesyntatn Meperem MHTPaoKynapHOr MPUTUCKa U LieHTpaHe
AebrbuHe poxtbade Ha 641 ncnutaHuky (1282 oka) ytpheHa
je npoceyHa BpeHOCT MHTPAOKynapHor Nnputncka og 14,79
+ 2,31 mmHg v ueHTpanHe febrmbuHe poxmaue of 553,92 +
25,56 um. NMopeherem fBe rpyne NCNUTaHKKa, Of KOjUX je jenHa
rpyna 6una MyLIKor nosa a apyra »KeHckor, yTBpheHo je aa
Hema CTaTUCTUYKM 3HayajHe pasfivike y NPoCeYyHoj BpeAHOCTU
WHTPaoKynapHor nputucka (t-tect, p > 0,05) n npoceyHoj
BPEAHOCTU LieHTpasiHe febibuHe poxtbaye (t-TecT, p > 0,05)
n3mehy nonos.a.

3aKk/byuak YTBphHeHa npoceyHa BpeHOCT MHTPAOKYyNapHor
NPUTKCKA 1 LeHTpasHe feb/buHe poxHaye je CiMyHa OHMMa
yTBpHEeHVM y OCTanum CTyamnjama npeceka osor tuna. Huje
yTBphHeHa CTaTUCTNYKM 3HaYajHa Pa3nvKa y BUCUHW NPUTHACKA
U LeHTpanHe aebrbrHe poxmaue nopeherem no nony.

Kl'by‘-lHe peun: NHTPaOKyNapHU NPUTUCAK; LeHTPaslHa ,D,E6J'bI/IHa
POXHaye; CTyAeHTN
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SUMMARY

Introduction/Objective This study evaluates the effects of hemodialysis (HD) on intraocular pressure
(IOP) and ocular anterior chamber morphometry in end-stage renal disease (ESRD) patients.

Methods In total, 32 ESRD patients (50 eyes) who were on regular HD program, underwent ocular ex-
amination. To all of them, 30 minutes before HD and 30 minutes after the end of the HD session, central
corneal thickness (CCT), keratometric values (K1, K2), axial length (AL), anterior chamber depth (ACD),
and lens thickness (LT) were measured using the Lenstar 900 Haag-Streit USA device (Haag-Streit Group,
Koniz, Switzerland). IOP was measured using Goldman applanation tonometry.

Results |IOP before HD was 15.74 + 3,043 while after HD it was 15.14 + 3,07 (p = 0.125); K1 and K2 values
were43.11 £1.68vs.43.13+1.73 (p = 0.688) and 43.11 + 1.60 vs. 43.11 £ 1.66 (p = 0.158); AL increase from
23.25+0.68t0 23.27 £ 0.68 in postHD (p = 0.158) as well as AL from 23.25 + 0.68 to 23.27 + 0.68 (p = 0.264);
ACD decrease insignificantly from 3.14 £ 0.40 to 3.10 £ 0.42 (p = 0.063); mean LT before HD was 4.66 + 0.38
while after HD it was 4.67 + 0.36 (p = 0.290) and CCT was 563.68 + 42.02 vs. 563.34 + 42.26 (p = 0.777).
Conclusion HD has no significant influences on ocular anterior segment structures such as on CCT, ACD,
LT, AL, K values as well as IOP.

Keywords: hemodialysis; eye; ocular morphometry

INTRODUCTION

The end-stage renal disease (ESRD) repre-
sents the last stage of irreversible kidney dis-
ease which requires transplantation or dialysis.
The main purpose of hemodialysis (HD) is to
regulate the composition and volume of body
fluids by removing excess water and dissolved
substances such as urea, potassium, and phos-
phorus from the body. Consequently, after HD,
there is a decrease in systemic blood pressure,
plasma volume, and body weight. An increase
in the colloid osmotic pressure of the plasma,
caused by increased plasma protein concentra-
tion, leads to water entering the plasma through
the interstitial space. These fluctuations in sys-
temic blood pressure and metabolic parameters
can result in refraction changes, dry eye, “red
eye syndrome” [1], calcium accumulation in the
conjunctiva, band-shaped keratopathies, intra-
ocular pressure (IOP) fluctuations, lens opaci-
ties, increased tear osmolarity, corneal endothe-
lium changes, central corneal thickness (CCT)
alterations, and variations in the thickness of the
retina and choroid in patients undergoing HD.
Additionally, signs of retinopathy may manifest
due to hypertension, anemia, uremia, and dia-
betes mellitus. Patients on HD have also shown
disturbances in choroidal perfusion [2].
Various results have also been published re-
garding the influence of HD on the biometric

parameters of the eye, such as keratometry val-
ues, CCT, anterior chamber depth (ACD), lens
thickness (LT) central macular thickness, and
axial eye length.

This study evaluates the effects of HD on
IOP, central macular thickness, corneal mor-
phometry, anterior chamber (AC) morphom-
etry, and axial length (AL) in patients with
cataracts and ESRD.

METHOD

Fifty eyes of 32 ESRD patients who were on
regular HD (three times weekly, approximately
four hours per session), and who were dialyzed
at the Zvezdara University Clinical Center,
Belgrade, Serbia, underwent ocular examina-
tion including slit lamp examination and oph-
thalmoscopy. To all of them, 30 minutes before
HD and 30 minutes after the end of the HD
session, IOP, CCT, keratometry values (K1,
K2), AL, ACD, and LT were measured. For the
measurement of the above-mentioned param-
eters, the Lenstar 900 Haag-Streit USA device
(Haag-Streit Group, Koniz, Switzerland) was
used. IOP was measured using a Goldmann
applanation tonometer (Haag-Streit Group).
All patients who underwent gonioscopy with
narrow and closed angles were excluded from
the study because angle structure could be an
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independent risk factor for IOP elevation. Statistical analy-
sis were performed by SPSS Statistics for Windows, Version
17.0. (SPSS Inc., Chicago, IL, USA), and p values < 0.05
were considered statistically significant.

This study has been approved by the institutional Ethics
Committee and patients’ written consent was obtained,
according to the Declaration of Helsinki (1/01/24).

RESULTS

In total, 50 eyes of 32 ESRD patients undergoing regular
HD treatment, including 20 males (62.5%) and 12 females
(37.5%) were enrolled in the study. The mean age of the
patients was 70.03 years + 6.2 (range 59-83 years). Among
them, 22 (68.8% of all) had systemic hypertension, and six
(18.8% of all) had type 2 diabetes.

There are no differences between observed parameters
before and immediately after HD as shown in Table 1.

Table 1. Biometric characteristics of anterior eye segment before and after
hemodialysis (HD)

Parameter Unit Before HD After HD p

Intraocular pressure mmHg | 15.74+£3.043 | 15.14+3.07 |0.125
K1 diopters | 43.11+1.68 | 43.13+1.73 | 0.688
K2 diopters | 43.11+1.60 | 43.11+1.66 | 0.158
Axial length mm 23.25+0.68 | 23.27+0.68 | 0.264
Anterior chamber depth mm 3.14+0.40 3.10+0.42 |0.063
Lens thickness mm 4.66 +0.38 4.67+£0.36 |0.290
Corneal thickness pum 563.68 +42.02 | 563.34 +42.26 | 0.777

K1 and K2 - keratometric values

According to the aforementioned, HD does not influence
anterior segment parameters as well as macula thickness.

DISCUSSION

The majority of studies have examined the effect of HD
on IOP. The results obtained are conflicting, ranging from
those indicating an increase in IOP after HD, those that do
not record a change in IOP values, to those suggesting a
statistically significant decrease in IOP after HD [3].

The IOP remains stable, while at a narrow and espe-
cially at a closed angle, the IOP increases significantly [4].
The mechanism of IOP elevation includes an increase of
colloid osmotic pressure and aqueous humor produc-
tion, consequently [5]. The second mechanism includes
the osmotic difference between the lens and the aqueous
humor-water enters into the lens which became thicker,
AC reduces depth and narrow-angle leads to a reduced
outflow. The final result is an increase in IOP. Wang et
al. [5] reported that IOP was significantly increased after
two hours of HD in the extremely narrow-angle group and
returned to pre-hemodialyzed values 30 minutes after HD.

Since HD induces dehydration and ultrafiltration, it
could cause a decrease in the iris and ciliary body thickness
with widening of the AC [6, 7]. Consequently, increasing
aqueous humor drainage through a widely open angle can

‘ DOI: https://doi.org/10.2298/SARH240114026V
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reduce IOP. Thus, many factors can increase and decrease
IOP during HD [8]. In our study, IOP remains the same
in the immediate post-HD period in comparison with the
baseline level. The same results were reported by other
authors [9, 10, 11] as well as Lim et al. [10], who also found
out that the visual field improved after HD. We did not
measure IOP during HD sessions as some other authors
did such as Wang et al. [5] reported in their study. Recently,
case with neovascular glaucoma due to proliferative dia-
betic retinopathy with unilateral pain in the left eye was
reported. Authors concluded that limited outflow during
HD in such cases indicates urgent intervention [12]. In
conclusion, HD patients with narrow angles, neovascular
or exfoliative glaucoma, could have a significant IOP in-
crease at the end of HD because of the osmolar gradient
between the plasma and ocular tissue.

The interest of many authors has arisen in recent years
regarding the HD effect on CCT and anterior segment
morphometry. Asiedu et al. [1] reported that the mean
CCT decreased significantly following hemodialysis while
Wang et al. [8] found out CCT significant mean decrease.
Kanawa et al. [13] also reported a significant decrease in
corneal thickness measured in 50 eyes after HD. In our
study, CCT remains the same after HD but seems that CCT
should be measured during HD session. Elbay et al. [14]
found out that CCT and IOP significantly increased in the
second hour of HD but at the end of the HD session, there
were no significant changes in comparison with baseline.

Keratometric values remain stable after HD in our study.
Similar results have been published previously [14]. Elbay
etal. [14] also reported that ACD remain stable during the
HD session, similar to the result of our study. However, some
authors [15] found significant decrease in AC parameters.
They measured AC angle parameters such as the angle
opening distance (AOD) and the trabecular-iris space area
(TISA) by AS-OCT to 20 HD patients. Almaznai et al. [16]
reported a significant decrease in ACD and LT after HD.

Yin et al. [17] reported the same results as we did: HD
had no significant effect on K readings, CCT, ACD, LT, or
IOP. Some authors found that the mean AL was signifi-
cantly reduced with an average value of 0.26 + 0.15 mm
while others found out that HD increased AL.

CONCLUSIONS

According to our results, HD has no significant influences
on ocular anterior segment structures such as on CCT, ACD,
LT, AL, K values as well as IOP. Due to possible fluctuations,
according to the reliable data, it is recommended to measure
the mentioned parameter during the HD session.
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YTuuaj xemogujanuse Ha mopdomeTpujy npearer CEerMeHTa OKa U UHTPAOKYNapHU

npuUTUCaK

burbaHa BykagmHosuh'?, TaTjaHa LapeHau-Bynosuh#, JoaHa CpejoBuh®#, ywaH Togoposuh®4, Muna Jbybucasmbesuh?,

Mupocnas CtameHkoBuh'?

'KnnHnuko-6onHmyKky LeHTap ,3Be3fapa’, KnnHnka 3a ouHe 6onectu, beorpag, Cpbuja;
*Yuusep3uTeT y beorpapy, OakynTeT 3a cneLujanHy efykaumjy  pexabunutauujy, beorpap, Cpbuja;
*KnuHuka 3a ouHe 6onectn, KnuHnukm ueHTap Kparyjesay’, Kparyjesau, Cp6uja;

*YHusep3uTtet y Kparyjesuy, Oakyntet MeguumHCKIX Hayka, Kparyjesau, Cp6uja;

YHuBep3uTeT y beorpagy, MeanunHcku gakynter, beorpag, Cpbuja

CAXKETAK

YBopa/Lumn OBa cTyamnja npouemyje epekte Xxemonmnjanmse
(X[) Ha MHTpaoKynapHY NpUTCak 1 MOppoMeTpUjy Npea-
HbEr CErMeHTa OKa Kof 00NecHUKa y TepMUHaNHoj dasu 6y-
6perkHe HcybuumjeHupje.

Mertope YKynHo 32 6onecHuKa y TepmMmrHanHoj Gpasu byope-
XHe nHcypuupmjeHumje (50 ounjy) Koju cy 6unm Ha pegos-
Hom nporpamy X[l noaBprHy T\ cy o4HoM nperneny. CBrma
rbrMa cy 30 muHyTa npe X[ 1 30 MMHyTa nocne 3aBpLueTka
cecnje X1 MepeHe LieHTpanHa AebsbiHa poxhbaye, KepaTo-
meTpujcke BpeaHocTh (K1, K2), akcnjanHa gy»kuHa, gyouvHa
npenHe Komope 1 aebbriHa counsa nomohy ypehaja Lenstar
900 Haag-Streit USA (Haag-Streit Group, Kenuu, LLIBajuapcka).
WHTpaoKynapHu nputrcak mepeH je nomohy fonamaHose
anyaHaluoHe TOHOMeTpuje.

Pesyntatu /IHTpaokynapHu nputucak npe X[ 6uo je
15,74 + 3,043, pok je nocne Xl 6vo 15,14 + 3,07 (p = 0,125);
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BpeaHoctn K1 n K2 6une cy 43,11 + 1,68 npema 43,13 + 1,73
(p=0,688) 143,11 = 1,60 npema 43,11 = 1,66 (p =0,158); ak-
cvjanHa gyxvHa ce noeehana ca 23,25 + 0,68 Ha 23,27 = 0,68
y noctX[ (p = 0,158), Kao 1 akcujanHa gyxuHa ca 23,25 +
0,68 Ha 23,27 + 0,68 (p = 0,264); 6e3HayajHO ce cMarbuna
ny6uHa npepatbe Komope — ca 3,14 + 0,40 Ha 3,10 + 0,42
(p = 0,063); cpeatba febrbuHa counBa npe X[ 6una je 4,66
+ 0,38, pok je nocne X 6una 4,67 + 0,36 (p = 0,290), a LeH-
TpanHa aebsbriHa poxbaue je 6vna 563,68 + 42,02 Hacrpam
563,34 £ 42,26 (p=0,777).

3aksbyuak X[l Hema 3HauajHMX yTrLaja Ha CTPYKType npea-
Her OYHOT CerMeHTa Kao LUTO Cy BPeAHOCTU LieHTpanHe
febrbrHe poxibaye, ybuHa npefhe Komope, AebsbuHa
COUMBA, aKCHjasiHa AyXKMHA, KepaToOMeTpujcKe BPeaHOCTH,
Kao 1 MHTPaOKynapHu NpuUTrcaK.

KrmbyuHe peun: xemoanjanusa; oko; oKkynapHa mopdome-
Tpuja
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Severe neurological complications in a child with
multisystem inflammatory syndrome in children
after asymptomatic COVID-19
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SUMMARY

Introduction Coronavirus disease-2019 (COVID-19) usually leads to a mild infectious disease course in
children, but serious neurological complications have been described in association with both acute
infection and the multisystem inflammatory syndrome in children (MIS-C). Cerebrovascular disorders
(CVD) in children are rare complication of MIS-C, and various potential mechanisms of CVD in MIS-C
have been hypothesized.

Case outline In an eight-year old girl, diagnosis of MIS-C was made according to clinical features of pro-
longed fever, circulatory shock, heart and renal insufficiency, skin abnormalities, conjunctival hyperemia,
and stomach pain associated with laboratory findings (increased CRP, D-dimers, pro BNP, troponins,
IL-6), supported by positive contact with SARS-CoV2 one month before the disease onset and increased
IgG and IgM anti-SARS-CoV2 antibodies. From the second day of hospitalization, left-side hemiplegia
was observed, and using brain CT and MR, CVD was diagnosed. Together with cardiovascular support,
corticosteroids and intravenous immunoglobulin were administered. On the fourth day of hospitaliza-
tion, diagnosis of cerebral salt wasting syndrome (CSWS) was made according to severe dehydration,
polyuria, hyponatremia, increased natriuria, and increased urine: serum osmolality ratio. CSWS had
very severe course lasting more than one month. The girl was discharged with stable vital signs, normal
diuresis and hemiparesis.

Conclusion This is the first case in the literature presenting association of severe CSWS and CVD in a
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child with MIS-C after COVID-19.

Keywords: COVID-19; MIS-C; cerebrovascular disease; cerebral salt wasting syndrome

INTRODUCTION

Coronavirus disease-2019 (COVID-19) usu-
ally leads to a mild infectious disease course
in children, but serious neurological complica-
tions have been described in association with
both acute infection and multisystem inflam-
matory syndrome in children (MIS-C) [1]. The
criteria for MIS-C are fever, evidence of inflam-
mation, at least two organs involved, no other
active infection that could explain condition,
associated with plausible epidemiologic link
to SARS-CoV-2 through a positive laboratory
test (PCR, antigen or antibody) or confirmed
exposure [2]. Cerebrovascular disorders (CVD)
in children are rare complication of MIS-C,
while various potential mechanisms of CVD
in MIS-C have been hypothesized.

This is the first case in the literature with the
association of CVD and long-lasting life-threat-
ening cerebral salt wasting syndrome (CSWYS)
in a child with MIS-C after COVID-109.

CASE REPORT

In an eight-year-old girl, MIS-C after asymp-
tomatic COVID-19 was complicated by CVD

and life-threatening CSWS lasting for more
than four weeks.

The onset of the disease was eight days
before admission, with everyday fever (up to
39.8°C) and vomiting. Three days after fever
onset, the girl felt severe stomach pain. Two
days before admission the girl became very ex-
hausted and had submandibular and auricular
exanthema followed by target-skin changes on
limbs. Ceftriaxone was administered intrave-
nously. In the medical history, we found out
that the father had suffered from COVID-19
with positive PCR test for SARS CoV-2 one
month earlier, while our patient was asymp-
tomatic and PCR-negative at the same period.
The girl was healthy before her current disease,
with normal psychomotor development, regu-
larly vaccinated according to the schedule.

On admission to the Institute, the girl was in
poor condition, exhausted, with Glasgow coma
score of 14, she was answering questions and
complaining on severe stomach pain, heart
rate was 132 beats/minute, blood pressure was
73/35 mmHg, she had poor capillary filling,
gallop heart rhythm and systole murmur of
2/6. The breathing rate was 28 breaths/minute,
SpO was 97%, with normal auscultator find-
ing. Erythema multiform on the neck, palms,
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Figure 1. Computerized tomography showed
a huge zone of non-homogenous hypoden-
sity of the brain parenchyma involving cor-
tex and white matter in the right frontal-
parietal-temporal regions, nucleus caudate,
putamen, and globus pallidus; involved zones
are edematous with compression to the right
ventricle

4

Figure 2. Seven days after the left-side
hemiplegia onset, brain MR showed a huge
zone of inflammation with cytotoxic edema
involving grey and white matters of the right
hemisphere involving lateral aspect of the
inferior, and the entire middle frontal gyrus,
right temporal gyrus, insula, capsule external
and internal, part of corticospinal tract, and
the right basal ganglia

Figure 3. Brain MR angiography done seven
days after left-side hemiplegia onset showed
decreased signal flow through the A1 seg-
ment of the right anterior cerebral artery

dorsal side of the feet and gluteal regions was present.
Lips and tongue were “strawberry-like” and conjunctive
was hyperemic. No visceromegaly was present. Edema of
dorsal side of feet and distal part of the legs was observed.
The girl was dehydrated, with oliguria during the first
day of hospitalization. No lateralization in neurological
finding was observed on admission. Abnormal labora-
tory findings included the following: C-reactive protein
44.2 mg/l; platelet count 133; Gly 8.3 mmol/l; urea 32 mmol/;
Cr 97 mmol/l; tCO, 13 mmol/l; potassium 2.8 mmol/l; sodi-
um 122 mmol/l; chlorine 87 mmol/l; uric acid 609 mcmol/l;
gamma-glutamyl transferase 9 IJ/l; NT-proBNP 1244 pg/ml
(increased); troponin I 0.689 (normal < 0.3); troponin T
0.127 (normal < 0.1); proBNP 22,742 (normal < 125); IL-6:
11.6 pg/ml (normal < 7); D-dimer 1970 (normal < 230);
serology for SARS-CoV2: IgM 44 (positive), IgG 84 (posi-
tive), PCR negative.

Heart ultrasound on admission showed damaged func-
tion of the left ventricle with ejection fraction of 45%.
During heart ultrasound follow-up, the recovery of the
heart function was observed within the next seven days.
The renal function was normalized on the second day after
admission.

Diagnosis of MIS-C was made according to clinical
features of prolonged fever, circulatory shock, heart and
renal insufficiency, skin abnormalities, conjunctival hy-
peremia, and stomach pain associated with laboratory
findings (increased CRP, D-dimers, proBNP, troponins,
IL-6), supported by positive contact with SARS-CoV2 one
month before the disease onset and increased IgG and IgM
anti-SARS-CoV2 antibodies.

The initial treatment of MIS-C included the follow-
ing: parenteral hydration and electrolyte disturbances
correction, inotropic stimulation (dopamine), deconges-
tive therapy (spironolactone and furosemide), antibiot-
ics (ceftriaxone), high doses of methyl-prednisolone and
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Fraxiparine (Aspen Notre-Dame-de-Bondeville, Notre-
Dame-de-Bondeville, France).

The day after admission, the girl became somnolent
with left side hemiparesis. Brain native computerized to-
mography (CT) scan was done urgently (Figure 1). Anti-
aquaporin-4 Ab, anti-MOG-Ab, anti-NMDA-ADb were
negative.

On the seventh day after hemiplegia appearance, MR
(Figure 2) and MR angiography (Figure 3) of the brain
were done. Intravenous immunoglobulins were introduced
seven days after the onset of hemiparesis in the dosage of
0.4 g/kg/day, for five days. The administration of low-
molecular heparin was stopped on the 11th day of hospi-
talization and acetylsalicylic acid was introduced. In the
further course, the girl was treated with prednisone 2 mg/kg
per day. Five days’ cure of methyl-prednisolone in the dos-
age of 500 mg/m?/day was repeated after three weeks from
the first cure. Four weeks after the first treatment of intra-
venous immunoglobulin (IVIG), the one-day infusion of
1g IVIG was given. The improvement of severe left side
hemiparesis was very slow during the first four weeks of the
disease, while cognitive functions were normal all the time.

From the fourth day of hospitalization, severe dehydra-
tion was observed due to polyuria associated with hypona-
tremia, increased natriuria > 100 mmol/l, increased ratio of
urine: serum osmolality (osmolality: urine 604 mOsm/kg,
serum 294 mOsm/kg). Since renal and endocrinology
causes for polyuria were excluded, diagnosis of CSWS was
made. With the increased intake of sodium, fluids and
low dosage of mineralocorticoids, the balance was hardly
achieved. The managing of CSWS was frustrating, with
the duration of more than four weeks, with diuresis up
to 10 mg/kg/h, and fluid intake of up to six liters per day.
Any decrease of fluid intake led to severe dehydration. The
girl was discharged with stable vital signs, normal diuresis
and hemiparesis.

www.srpskiarhiv.rs ‘
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The subject’s parents’ written consent was obtained, ac-
cording to the Declaration of Helsinki, the study has been
approved by the competent institutional ethics committee
(No. 8/131), and conforms to the legal standards.

DISCUSSION

Cerebrovascular disorder in children is a rare complication
of either COVID-19 or MIS-C after COVID-19 [3]. The
results of studies from the early pandemic showed the risk
of stroke in children and adolescents from 0.29% to 0.62%.
The prevalence of SARS-CoV-2 infection among children
with arterial ischemic stroke tested by PCR or serology
was 6.1% and 6.9%, respectively [3]. Our patient suffered
CVD after asymptomatic SARS-CoV-2 infection. Similarly,
it was described by Beslow et al. [3] that 13 of 23 cases
with stroke had asymptomatic SARS-CoV-2 infections,
and among the patients with symptoms, there was a broad
range of periods between viral symptom onset and stroke.

The inflammatory-mediated thrombosis has been iden-
tified as a mechanism for the SARS-CoV-2-associated
stroke. The children with elevated inflammatory markers
or MIS-C may be at particularly high risk of stroke [3]. The
use of Fraxiparine (Aspen Notre-Dame-de-Bondeville) as
soon as the diagnosis of MIS-C was established did not
prevent CVD in our patient. O’Loughlin et al. [4] reviewed
published cases of pediatric patients with severe neuro-
logical issues and a coexisting positive SARS-CoV-2 test.
MIS-C was diagnosed in 65 out of 159 cases with severe
neurological manifestations, while CVD was diagnosed
in 38 cases. In some of the cases with stroke associated
with COVID-19, underlying disorders had existed, while
our patient was healthy, with normal neurodevelopment
before current disease.

The underlying pathophysiology of neurological com-
plications of MIS-C is the cytokine storm, characterized
by high levels of tumor necrosis factor alpha (TNF-a),
interleukin (IL)-1p, IL-6, IL-12, and interferon gamma
(INFy) [5]. The hyperinflammatory state contributes to a
pro-coagulable state: initial vasculitis causes the disruption
of vascular integrity, the exposure of thrombogenic base-
ment membrane, and, finally, the activation of the clotting
cascade [1].

The mechanism of CVD in our case is unclear.
Inflammatory-mediated mechanism is supposed, since
the elevated inflammatory markers, the presence of MIS-C,
and very early appearance (on the same day as hemipa-
resis occurred) of neuroimaging finding of a huge isch-
emic lesion and cerebral edema, suggested considering
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that vessels’ occlusion is not the only mechanism. Clinical
signs of the cytokine storm including cardio-circulatory
shock together with increased inflammatory biomarkers
(CRP, IL-6, D-dimers) which preceded the neurological
abnormalities, strongly suggested the role of inflammation
in CVD in our case.

The preferred treatment strategy has to be more ag-
gressive at the diagnosis of MIS-C, to block the cytokine
cascade [6]. Maggio et al. [6] described favorable prognosis
in 22 children with MIS-C treated by IVIG and steroids
as the first-line treatment, suggesting that this approach
could explain the favorable prognosis. Despite the same
treatment in our case, neurological complications were in
fact taking place. Recovery rates, including occurrence and
resolution of coronary artery aneurysms, were similar for
primary treatment with IVIG when compared to gluco-
corticoids or IVIG plus glucocorticoids [7].

Clinical and laboratory findings after admission of our
patient presented prerenal type of acute renal impairment
with signs of acute tubular damage due to dehydration and
renal involvement of MIS-C. Two days later, global renal
function was normalized including tubular function. In
further course, extreme polyuria and dehydration domi-
nated with normal renal function, low uric acid in serum
and relatively decreased urine osmolality suggested CSWS.
N-terminal pro-brain natriuretic peptide (NT-proBNP)
plays vital roles in the regulation of the volume status.
There is no data if an increased level of brain natriuretic
peptide in children with MIS-C might be a contributing
factor in CSWS associated with MIS-C and CVD, so fur-
ther investigations are necessary to explain this possibility.
Despite early recognition and treatment of CSWS in our
case, the duration of CSWS was very long and additionally
complicated the recovery of the patient.

MIS-C has a wide range of clinical symptoms including
neurological symptoms and prognosis [8, 9]. In the study
by de Faries et al. [10], death occurred in 21.5% of chil-
dren with COVID-19 and MISC, reporting that the mor-
tality was associated with higher levels of the vasoactive-
inotropic score, the presence of acute respiratory distress
syndrome, higher levels of erythrocyte sedimentation rate,
and thrombocytopenia.

There is no literature data about CSWS associated with
CVD in MIS-C. Our case with severe CSWS and CVD
shows that COVID-19 might be associated with life-threat-
ening neurological complications in children, even if the
acute illness is asymptomatic.
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TewwKe HeYPONOLIKE KOMNMKALMje MYNTUCUCTEMCKOT MHPNAMATOPHOT CMHAPOMA
KoA Aeue nocse acMMnToMaTcKor Kosuaa 19

Pyxwuua KpaemaHau'? Hatawa Crajuh'? Bnagucnas BykomaHnosuh'? lopgaHa Metposuh!, Munoww Ky3amaHosuh'>
"MHcTuTyT 32 3ApaBCTBEHY 3aWTUTY Majke 1 AeTeTa Cpbuje ,[p Bykan Yynuh', Meaunjatpujcka knnHuka, beorpaa, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja

CAXETAK

YBopa bonect n3a3BaHa BUpycom KopoHa (KoBug 19) Hajuewwhe
1Ma 6nary KNMHUYKU TOK KOA AeLle, anuv y 0BOM pagy Cy onuca-
He TellKe HeypOosIoLLKe KOMMIMKaLmje Koje Cy yApYy»KeHe Kako
Ca aKyTHOM MHPEKLMjoM, TaKO 1 ca MyNTUCMCTEMCKUM NHIa-
MaTOPHMM CUHAPOMOM Kopg feue (multisystem inflammatory
syndrome in children — MIS-C) nocne kosuaa 19. LlepebpoBa-
CKynapHa 6onect Koa feLe je petka komnnvkaumja MIS-C n
MoCToje pa3nmunTe NPeTnocTaBke o Moryhm mexaHvusmuma
Koju o e foBoAe.

Mpukas 6onecHnKa Kog ocmoroauilte JeBojyrLe NocTa-
B/beHa je aujarHo3a MIS-C Ha OCHOBY: KIIMHMYKE CIIMKe Koja je
obyxBaTana NposioHrpaHy GebpunHoCT, LMPKYNaTOPHH LIOK,
CpuaHy 1 6ybpexHy UHCYGULMjEHLM]Y, TPOMEHE Ha KOXN,
KOHjyHKTMBAJHY Xunepemujy 1 60/10Be y CTOMaKy; pesynTaTta
nabopartopujcknx aHanwu3a (nosuwwenu CRP, D-gumepw, proBNP,
TPOMOHWHW, IL-6); nofaTKa 0 KOHTaKTY Ca BUPYCOM MeceL| iaHa
npe noyetka 60n1ecT 1 NoBuLEHNX BPeAHOCTH IgG v IgM aHTn-
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Tena Ha SARS-CoV2. Op gpyror AaHa xocnuTanu3auuje 3anaxa
Ce IeBOCTpaHa XxemMunapesa, a NpUMeHOM KOMjyTepri3oBaHe
Tomorpaduje 1 MarHeTHe pe3oHaHLie eHAOKaHMjyMa AoKa3aHa
je uepebpoBackynapHa 6onect. [lopea kKapavoBackynapHe not-
nope, MPYMeHEHN Cy KOPTUKOCTEPOUAN U MHTPABEHCKN UMY-
Horno6ynvHW. YeTBpTOr AaHa XoCnuTanm3alyje nocTaB/beHa
je pnjarHosa cuHgpoma LepebpanHor rybrTtka conm Ha OCHOBY
TelKe gexnapaunje, nonnypuje, XnoHaTpujemuje, noBuLLeHe
HaTpuypwje v MOBULLEHOT OfHOCA OCMOJAJIHOCTV YPYHa 1 Cepy-
Ma, KOjV je Mao TeXaK KNMHNYKM TOK 1 TPajao je npeKko mMecel|
AaHa. [leBojunuia je nywiteHa CTabUNHMX BUTAJTHUX 3HAKOBa,
HOpMaJHe auypese 1 xeMmnnapeTnyHa.

3aK/byyakK Yapy»KeHoCT TEeWKOr CMHAPOMa rybutka conm u
LepebpoBackynapHe 6onectn kog feteta ca MIS-C nocne Ko-
BuAaa 19 Huje [o capa onvcaHa, Tako fa je OBO NPBY NprKasy
nuTEpaTypu.

KmbyuHe peun: kosug 19; MIS-C; uepebpoBackynapHa 6onect;
CYHIPOM ryburTKa conv
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Photocolorimetry for full crown central incisor shade
matching
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SUMMARY

Introduction The objective of this case series report is color matching of the central incisors all-ceramic
crowns and determine the color difference between those crowns and contralateral or neighboring intact
natural incisor using the AE_ value from CIELab formula.

Case Report The subject of this color assessment was all-ceramic crowns for central incisors for three
young female patients. The intact natural incisors were used as the target shade for the all-ceramic crown.
After tooth preparation and intraoral scan, everything was done at once, regarding the design of restora-
tion and model. For these cases, we used Ivoclar ZirCAD PRIME multi A1 (Ivoclar, Schaan, Liechtenstein)
block. For proper shade mapping polarized picture with grey card for digital calibration is necessary as
well as one standard picture for mapping the color effects. For tooth color mapping we used the eLAB
software (eLAB Prime, Freiburg im Breisgau, Germany). Highest AE  value for all three cases was 2.7 or
less, which indicates that the color is clinically acceptable, considering acceptability threshold value of
less than 2.7 (three-year follow-up confirmed acceptable color appearance.

Conclusion Following recommended protocol based on the eLAB software software (eLAB Prime), clini-
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cally acceptable color of the all-ceramic crown were obtained.
Keywords: dentistry; color; color matching; all-ceramic crown

INTRODUCTION

The delivery of natural looking restoration
is one of the most challenging tasks in oral
rehabilitation. The shape, texture and color
are factors that contributes to a natural ap-
pearance. The color matching of the anterior
artificial crown to adjacent natural teeth is
especially critique for the patient’s satisfac-
tion. In the daily dental practice, visual shade
matching with a dental shade guide is still one
of the most common methods for color deter-
mination. Visual shade matching is subjective,
tooth is polychromatic and dental materials
present limited shade tab [1]. Instrumental
methods using electronic devices such as den-
tal spectrophotometers [e.g VITA Easyshade®
(VITA Zahnfabrik H. Rauter GmbH & Co.,
Bad Sickingen, Baden, Germany)] and digital
photography have shown higher precision for
shade matching and can be used to convey in-
formation to the dental technician [2].

The visible color is a mix of three primary
colors: red, green, and blue (determine Hue).
The addition of some color pigment in the mix-
ture gives a darker effect (determine Value), and
addition of another pigment will produce more
color intensity (determine Chroma) [1-4].

For color matching of ceramic crowns,
the CIELab system (CIE - International
Commission on Illumination) is the most
commonly used. The colors in this system are

Tooth color range

Red
+a*

Black

Figure 1. Tooth color range in CIELab color system

represented in a spherical color space through
three coordinate values, Figure 1. The vertical
dimension “L” indicates lightness (on the upper
pole is the pure white, and on the lower pole
is the pure black). Chromatic color character-
istics are followed along two horizontal axes:
“@” expresses the red-green axis, and “b” the
blue-yellow axis [1, 5, 6].

The CIELab system is particularly applica-
ble in dental laboratories for determining and
reducing color differences, while producing
restorations. The degree of diversity, AE | (E
- Euclidean distance) is color space with dif-
ferences in lightness, chroma and hue, and it
is determined in this system by the formula:
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AE, =VAL? + Aa” + Ab

The difference between compared colors is represented
by the relative value AE , which is considered as a standard
for measuring color differences. It is considered that the
threshold of human sensitivity to distinguish shades is at
the value of AE | = 1. Color differences lower than this
AE_ are not perceptible for 50% of the observers, while
AE < 2.7 is considered clinically acceptable [1, 7-11].

This case series reports the color matching of all-ceram-
ic central incisors using a photocolorimetry protocol for
CIELAB color differences calculation. The procedure for
tooth color matching is shown schematically in Figure 2.

CASE REPORTS

Case N° 1: The subject of this color assessment was a max-
illary central incisor prepared for a full-ceramic crown of a

37-year-old female patient. The contralateral intact natural
incisor was used as the target shade for the all-ceramic
crown, Figure 3.

After tooth preparation and intraoral scan everything
was done at once, regarding the design of the restoration
and model, Figure 4. For this case Ivoclar ZirCAD PRIME
multi Al block (Ivoclar, Schaan, Liechtenstein) was used.
For proper shade mapping polarized picture with grey card
for digital calibration is necessary as well as one standard
picture for mapping the color effects, Figure 5.

For tooth color mapping we used the eLAB software
(eLAB Prime, Freiburg im Breisgau, Germany). Values of
this grey card are: L:79 lightness, a:00 red, b:00 yellow.
These values were used for matching in the next steps. In
that manner it was easy to superimpose picture of a tooth
shot on the model with the polar filter picture in mouth
and digital try-in. The finalization with the layered ceramic
has been made by a special recipe combining knowledge
and measurements (Figures 6 and 7).

Dental office

Dental lab

Determination & Interpretation of Tooth Color

Color determination

- Polarized picture with grey card for
digital calibration |:

- Standard picture for mapping the color
effects

| Nl - eLAB app.

- Design of layers

Interpretation to ceramic

- Ceramic core

= Y

Crown insertion

-

Crown fabrication

Figure 2. The scheme of communication between dental office and dental technician for tooth color determination, interpretation, and crown
fabrication

Figure 3. Pre-operative view of the right max-
illary central incisor

Figure 4. Digital modeling of a all-ceramic
crown
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Figure 5. Shade mapping and check
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Figure 6. For this case Ivoclar ZirCAD PRIME
multi A1 block (Ivoclar, Schaan, Liechtenstein)
has been used

Figure 9. Pre-operative view of both maxil-
lary central incisors

Figure 7. Highest AE_, value was 2.7, which
indicates that the color is clinically acceptable

LT

Figure 8. Three-year follow-up confirmed ac-
ceptable color appearance

Case N° 3: Color determination of the lower central
incisor and matching it with the remaining natural teeth is
also very demanding and creative. However, due to slightly
less visibility while speaking and smiling and the vertical
overbite of the teeth, determining teeth color is somewhat
less demanding compared to maxillary incisors.

In this case color assessment was an all-ceramic crown
for mandibular central incisor with 30-year-old female pa-
tient. The contralateral intact natural incisor has been used

Figure 11. Post-operative view of both maxil-
lary central incisors

Figure 12. Pre-operative view of the left man-
dibular central incisor

Highest AE  value was 2.7, which indicates that the
color is clinically acceptable, considering acceptability
threshold value of less than 2.7 (three-year follow-up con-
tirmed acceptable color appearance) (Figure 8).

Case N° 2: As we have shown, the highest challenge was
to determine the color and match it with the remaining
natural teeth of one upper central incisor. It is demanding,
but with a lesser extent, to determine the color of the two
upper central incisors and match it with the remaining teeth.

In this case, color assessment were all-ceramic crowns
for both maxillary central incisor with a 34-year-old female
patient. The intact natural second incisors were used as the
target shade, as seen in Figure 9. The procedure for tooth
color matching and interpretation was the same as in the
previous case (Figures 10 and 11).

‘ DOI: https://doi.org/10.2298/SARH240215025S

Figure 13. Post-operative view of the left
mandibular central incisor all-ceramic crown

as the target shade for the all-ceramic crown (Figure 12).
The procedure for tooth color matching and interpretation
was the same as in the previous cases. In this case also, we
used the CIELab formula and calculated AE  value. AE
value was less than 2.7 which indicates that the color is
clinically acceptable. In all cases patients were extremely
satistied with the tooth color (Figure 13).

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Written consent to
publish all shown material was obtained from the patients.
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Photocolorimetry for full crown central incisor shade matching

DISCUSSION

Digital photocolorimetry has shown to improve the com-
munication between the dental professional and technician
[3, 12, 13] by delivering a set of protocol-based informa-
tion besides data obtained with the conventional visual
method. The reliability of this protocol depends on the
type of camera, its settings, ambient light, flashlight, and
size of the captured image [3].

The calculation of AE , color difference through image
editing software (eLAB Prime) or data from spectropho-
tometers (VITA Easyshade®) is of a great help for both,
dental technicians, and dental professionals. Although
recent studies have established better correlation of col-
or differences calculated with CIEDE 2000 formula, [1,
14-17] dental technicians are used to interpret L, a, b and
consequently AE  color differences values. The value for
AE = 2.7 was taken arbitrarily.
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The CIELab formula that we used coincides in 75% of
cases with the examiner’s visual perception, while a new
color-difference equation CIEDE2000 matches in 90% of
the cases with the examiner’s visual perception [15].

In daily dental practice, the use of color difference for-
mula for determining teeth color gives results that both
the patient and the entire dental team are satisfied with.
A multitude of variables involved (salivary reflections,
translucency of dental ceramics, illuminant metamerism
between natural teeth and ceramic restorations) are neces-
sary for more serious research.

Color matching is a crucial step in the process of fab-
ricating an aesthetically satisfying restoration. In all our
presented cases highest AE | value was < 2.7, which in-
dicates that the color is clinically acceptable, considering
acceptability threshold value of less than 2.7. Three-year
follow-up confirmed acceptable color appearance.
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CAMXETAK

YBop Linb oBor pafia je n36op 60je KepaMUUKMX KpyHa LieH-
TpanHux cekytrha n yTBphrBame pasnuke y 6oju namehy
KepaMm1UKrX KpyHULIA U KOHTpanaTepanHor uimn CycegHor NH-
TaKTHOT NpupofHor cekyTrha Kopuwherbem BpeaHocTM AE
n3 dopmyne CIELab.

Mpukas 6onecHuka Kog Tpy nauujeHTKnmbe (32-43 rog.) Bp-
Lo ce n3bop 60je KepaMUUKNX KPYHULA 3a LieHTPaHe CeKy-
Trhe. Kao unbHa HujaHca 60je 3a Kepamuuke KpyHuLe Kopu-
WwheHu cy MHTaKTHU NpupoaHu cekyTuhn. Mocne npunpeme
3y6a 1 MHTpaopanHor CKeHupaka y nabopatopuju je npaheH
BUPTYENIHW MOZeN 1 An3ajHrpaHe cy KpyHuue. KopuwheH je
Ivoclar ZirCAD PRIME multi A1 6nok (Ivoclar, LWaH, JTuxteHwTajH).
3a npaBWJIHO Manupamwe HujaHcy KopuwheHa je nonaprso-

DOI: https://doi.org/10.2298/SARH240215025S

BaHa C/IMKa ca CMBOM KapTULIOM 3a AUrUTanHy Kanubpauujy,
Kao U jejHa CTaHAapAHa Cvika 3a Manupatbe edekata 60ja. 3a
manupatbe 60ja 3yba kopuwwheH je codptaep eLAB (eLAB Prime,
®paj6ypr, Hemauka). Hajsuwa AE , BpeaHOCT 3a CBa Tpy Cllyyaja
6wvna je 2,7, lWTo yKa3yje Ha To Aa je 60ja KNMHWYKM NPUXBaTIbI-
Ba, MMajyhn y BrAay Aa je BPeAHOCT Npara NpuxBaT/byBOCTU
Matba of 2,7 (Tporoguiime npahetbe je NOTBPAMIO NPUIXBa-
T/bUB n3rneq 6oje).

3aksbyyak [IpriMeHOM NPOTOKONa 3aCHOBaHOM Ha COpTBEpY
eLAB pobujeHe cy KNMHUYKY NprXBaT/bmBe 60je KepamnuKmnx
KPYHWLA KOA CBE TPU NaLjeHTKIHbE.

KmyuHe peun: ctomatonoruja; 6oja; n3bop 6oje; kepammuxe
KpyHuLe
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SUMMARY

Introduction Kounis syndrome (KS) represents an acute coronary syndrome (ACS) induced by a hyper-
sensitivity reaction. First described by Kounis and Zavras in 1991, KS today represents an infrequently
diagnosed clinical syndrome. Three different KS variants have been defined: type | vasospastic allergic
angina, type Il allergic myocardial infarction, and type Ill stent thrombosis.

Outlines of cases This paper presents three cases of type I KS causing anaphylactic ACS. In the first case,
a 66-year-old female presented with dyspnea, dizziness, and electrocardiography findings suggesting
ACS after she was stung by a bee. In the second case, we present a 64-year-old female admitted to the
Emergency Department with chest pain after an anaphylactic reaction due to an iodine contrast injection
used for a thoracic computed tomography scan. In the third case, an 80-year-old female presented with
chest pain, palpitation, and skin rash shortly after administration of the intravenous anesthetic propofol
during elective malignant colon tumor surgical intervention. All patients were treated at the Cardiology
Clinic, University Clinical Center of Serbia.

Conclusion The primary mechanism of KS corresponds to the release of inflammatory mediators during
a hypersensitivity reaction triggered by different sources. Although well known, constant reminders of

this cause of ACS are needed.

Keywords: acute coronary syndrome; hypersensitivity reaction; anaphylaxis; Kounis syndrome

INTRODUCTION

Kounis syndrome (KS) is defined as simultane-
ously arising acute coronary syndrome (ACS),
myocardial infarction, or stent thrombosis
in allergic hypersensitivity, anaphylactic, or
anaphylactoid reaction settings. The first de-
scriptions of allergic reactions associated with
cardiovascular symptoms and signs appeared
more than seven decades ago [1]. However, in
1991, Kounis and Zavras [2] first described “al-
lergic myocardial infarction” caused by mast
cell activation following allergic reactions. The
lifetime prevalence of allergy and anaphylaxis
is increasing, with an estimated lifetime risk of
0.02-2%, with more KS reports in the literature.
Most data are sparse and based on isolated clin-
ical cases and series, while exact pathophysi-
ological mechanisms remain unclear [3-7].

Many inflammatory cells are activated dur-
ing the allergic reaction, releasing their sub-
sequent preformed mediators in circulation,
leading to an inflammatory vicious cycle [8].
The entire arterial system seems vulnerable,
and besides the coronary arteries, there have
been reports of mesenteric and cerebral arteries
being affected [6-8].

Since its first description, three different
variants of KS have been defined: type I va-
sospastic allergic angina (without coronary
disease), type II allergic myocardial infarction
(with prior coronary disease), and type III stent

thrombosis (after percutaneous intervention)
[3]. It was reported in every age group, race,
and diverse geographic location. The treatment
strategy for this syndrome may be particularly
challenging due to simultaneous cardiac dys-
function and allergic reactions.

We present three cases of anaphylactic ACS
treated at the University Clinical Center of
Serbia 2019-2021.

REPORTS OF CASES
Case No. 1

A 66-year-old female presented to the Emer-
gency Department (ED) after being stung by a
bee while sitting in her yard. Shortly after the
sting, she developed dyspnea, palpitation, and
dizziness. Her medical history included hyper-
tension, type II diabetes mellitus, hyperlipid-
emia, and sideropenic anemia.

Emergency medical services found her in
hemodynamic compromise. She was adminis-
tered intravenous epinephrine, methylprednis-
olone, and chloropyramine, which led to clini-
cal improvement, and sent to the Emergency
Department (ED) for further evaluation. Serum
tryptase level three hours after the event was
19.8 ng/mL (normal value < 11 ng/ml).

The initial electrocardiogram (ECG) dem-
onstrated ST-elevations in the aVR, and V1
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Figure 3. The patient’s initial electrocardiogram showed negative T
wave in the anterior and inferior wall with ST depression in aVR

leads with ST-depression in D1, D2, aVL, aVE and V4-
V6 leads with right bundle branch block pattern (Figure
1). The patient was admitted to the Coronary Care Unit
(CCU), where she was hemodynamically stable with a
slightly lower level of arterial pressure (100/60 mmHg).
Her high-sensitivity troponin T (hsTnT) was elevated at
289 ng/L (normal value < 14 ng/L). The patient was treated
with corticosteroids, antihistamines, and protocol for ACS
with dual antiplatelet therapy, acetylsalicylic acid 100 mg
and clopidogrel 75 mg, with a beta-blocking agent (biso-
prolol 2.5 mg). During the first days of treatment, she did
not experience chest pain or heart failure. Transthoracic
echocardiography showed mild aortic stenosis with hypo-
kinesis of the inferobasal septum and inferior wall, altered
left ventricular systolic function [ejection fraction (EF)
45%], and mild ischemic mitral insufficiency.

Coronary angiography showed triple-vessel disease
with left main stenosis of 50-70%, proximal left anterior
descending artery (LAD) stenosis of 50-70% and medial
LAD stenosis of 50-70%, ostial circumflex artery stenosis
of 50-70%, medial right coronary artery (RCA) stenosis
of 50-70% with distal occlusion (Figure 2). After initial
cardiology treatment and recovery, she was transferred

‘ DOI: https://doi.org/10.2298/SARH2307060180
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to the Clinic for Cardiac Surgery, where she underwent
myocardial revascularization.

Case No. 2

A 64-year-old female presented to the ED with chest pain
after an anaphylactic reaction due to an iodine contrast
injection used for a thoracic multislice computed tomog-
raphy. She was regularly followed up after breast cancer,
treated surgically and with chemotherapy nine years previ-
ously. Her personal history included hypothyroidism. Her
medication included capecitabine and acetylsalicylic acid.
She was a smoker and had a family history of cardiovas-
cular disease.

Immediately after the intravenous application of the
iopromide contrast injection, she experienced dizziness,
skin rash, and chest pain. The operating radiologist and
emergency medical services administered adrenaline,
methylprednisolone, and chloropyramine without improv-
ing symptoms. She was transferred to ED with ongoing
dizziness, generalized urticaria, chest pain, and hypoten-
sion 90/60 mmHg.

An ECG showed sinus rhythm and signs of myocardial
injury with a negative T wave in an anterior and inferior
wall with ST-segment elevation of 1 mm in aVF with typi-
cal angina chest pain (Figure 3). Due to clinical deteriora-
tion with hypotension and electrical findings of ACS, she
was admitted to the CCU.

Laboratory tests showed the following: serum hsTnT
381 ng/L (normal value < 14 ng/L); creatine kinase 137
U/L; serum glucose 29 mmol/L and no abnormalities in
electrolytes, renal function, and routine blood tests. At the
time of hospitalization, analysis of blood tryptase was not
available. Methylprednisolone, chloropyramine, and dual
antiplatelet treatment (acetylsalicylic acid 100 mg, clopi-
dogrel 75 mg with enoxaparin 2 x 0.6 ml subcutaneously)
were given. During the next hospital day, our patient’s
symptoms gradually improved with the maintenance of
ECG changes.

Transthoracic echocardiography showed hypokinesis
of the medial and apical septum and anterior wall with
reduced left ventricular systolic function (EF 40%) and
minor ischemic mitral insufficiency. Coronary angiogra-
phy was postponed due to a hypersensitivity reaction to
iodine contrast, withdrawal of symptoms, and stabilization
of vital signs. During the further hospital stay, the patient
did not have chest pain nor signs and symptoms of heart
failure, with normalization of the troponin level. She was
discharged stable after seven days.

After four weeks, at the Allergy and Immunology
Clinic, drug provocation tests with alternative iodine con-
trast (ioversol) were performed and were negative. The
patient was allowed to use the tested iodine contrast with a
corresponding premedication. Following an allergological
examination, elective coronary angiography was scheduled.
Due to the COVID-19 pandemic, an invasive examina-
tion was postponed due to the patient’s stable status. A
year after the event, selective coronary angiography was
scheduled. An angiogram showed a two-vessel disease with
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Figure 4. Electrocardiogram after administration of the anesthetic
showing left bundle branch block pattern
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Figure 5. Electrocardiogram on the second hospital day, the same as
the preoperative findings

stenosis of the proximal LAD of 80-90% and medial RCA
0f 70-90%. The percutaneous coronary intervention of the
proximal LAD and medial RCA with implantation of two
drug-eluting stents was performed.

Case No. 3

An 80-year-old female with known hypertension, type II
diabetes mellitus, hyperlipidemia, and chronic obstruc-
tive pulmonary disease presented to ED with chest pain,
palpitation, and skin rash, which developed shortly after
administration of intravenous anesthetic propofol during
the elective surgical intervention of malignant colon tu-
mor. Shortly after administration of the drug, the patient
was hypotensive (90/60 mmHg). The anesthesiologist ad-
ministered her methylprednisolone and chloropyramine.
The ECG demonstrated a new left bundle branch pattern
(Figure 4). The intervention was canceled, and the patient
was transferred to ED and further to the CCU with normal
arterial pressure without ACS symptoms. Her hsTnT was
elevated at 96 ng/l, and the patient received dual antiplate-
let therapy with low-molecular-weight heparin, an antihis-
taminic, and corticosteroids. At the time of hospitalization,
the analysis of blood tryptase was not available. On the
second day of hospitalization, her ECG returned to the
prior normal recorded level (Figure 5).

Transthoracic echocardiography showed a standard di-
mension of the left ventricle without regional wall motion
abnormalities and with borderline systolic function (EF
50%) and minor mitral insufficiency. The patient had no
previous history of allergy reactions. Furthermore, until
this operation, she had no interventions under total an-
esthesia.
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Coronary angiography was performed. One-vessel dis-
ease with the proximal LAD stenosis of 50% and medial
sub-occlusion of the LAD of 90-99% was found. After
multidisciplinary team consultation, she was transferred to
the Clinic for Cardiac Surgery and underwent myocardial
revascularization with the left internal mammary artery on
the LAD. Previously, allergologic testing for sensitivity to
other anesthetics was made. After a short recovery period,
she underwent a successful operation on a colon tumor.

We confirm that we have read the journal’s position on
issues involving ethical publication and affirm that this
work is consistent with those guidelines. Written consent
to publish all shown material was obtained from the pa-
tients.

DISCUSSION

KS is induced by the activation of mast cells and platelets,
interacting with inflammatory cells, such as macrophages
and T-lymphocytes, leading to a discharge of inflamma-
tory mediators, like histamine, platelet-activating factor,
arachidonic acid products, and various cytokines and che-
mokines during the allergic activation course [8].

Our cases support KS as a recognizable phenomenon by
showing three forms of type II KS with myocardial infarc-
tion after exposure to different allergens. Iodine contrast,
bee sting, and intravenous anesthetic led to the develop-
ment of allergic myocardial infarction. Our patients had
different ECG changes, all with elevated hsTnT levels at
the initial presentation.

Furthermore, in Case 1, the patient had no chest pain or
typical skin rash known to be an allergic reaction follow-
ing a bee sting. Without knowing of insect bites, KS would
not have been considered. In Case 2, multiple exposures
to iodine contrast led to the development of KS with con-
sequent obstacles in further cardiovascular diagnosis and
treatment. Also, in Case 3, there were only transient ECG
changes and a few symptoms.

This unique disease should be thought of when aller-
gic symptoms, electrocardiographic changes, and elevated
cardiac enzymes accompany an acute onset chest pain. All
patients referred to ED with chest pain and ST-elevation on
ECG should be examined for allergic events. Also, every
patient with an allergic reaction in the ED should have an
ECG recording.

Dealing with both cardiac and allergic symptoms simul-
taneously makes treating KS challenging. Treatment with
corticosteroids and antihistamines alleviates symptoms in
patients with type I KS. For hypersensitivity-induced vaso-
spasm, drugs of choice are vasodilators, such as calcium-
channel blockers [9]. Along with type IT and type IIT KS,
all standard protocols for ACS should be applied [10.11].
In contrast, the use of morphine and other drugs known
to have histamine-liberating properties should be avoided
due to the potential of aggravating histamine-induced va-
sospasm, while epinephrine use must be done with cau-
tion due to its potentially vasospastic effect on coronary
arteries [11].
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Mast cells in allergic reactions interact with macro-
phages and T-lymphocytes. These cells produce and store
secretory granules, released when specific antigens react
with IgE antibodies attached to them, inducing degranula-
tion (releasing histamine, leukotrienes, proteases, chymas-
es, and many more mediators) [10]. This process occurs
only in around 10% of atopic individuals. All these pre-
formed and newly synthesized inflammatory mediators
released locally and running into systemic circulation can
cause either coronary artery spasm, which could progress
to acute myocardial damage, or coronary plaque erosion or
thrombosis, which establishes the main clinical manifesta-
tions of KS [11, 12, 13].

KS is doubtlessly a common disease. So far, many case
reports support its presence, but knowledge about the
pathophysiology still needs to be improved. More studies
are required to enhance proper diagnostics and treatment
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KyHVICOB CMHAPOM KaO Y3POUYHUK aKYTHOr KOPOHAPHOI CUHAPOMA

MapwuHa Octojuh’, Jenena Cumuh', Paga Muwkosuh??, Onra MetpoBuh'?, BaHa HepembkoBuh'2
'YHuBep3uTeTCKN KNHMYKY LeHTap Cpbuje, KnuHuka 3a Kapguonorujy, beorpag, Cpbuja;

*YHusep3uTet y beorpagy, MeanunHcku gakyntet, beorpag, Cpbuja;

YHVBeP3UTETCKI KNUHUYKM LieHTap Cpbuje, KnuHuka 3a anepronorujy u umyHonorujy, beorpag, Cpbuja

CAMETAK

YBop KyH1CoB CMHAPOM NpeAcTaB/ba akyTHU KOPOHAPHU CUH-
[POM 13a3BaH peaKLnjom npeoceTbrBocTy. OnmcaH npsu nyT
1991. rop. op cTpaHe KyHuca n 3aBpaca, AaHac npefcrassba
PeTKO AMjarHOCTMKOBAH KIIMHWUYKM CHAPOM. OnucHe cy Tpu
pasnununte BapujaHTe KyHncoBor cuHapoma: Tun | — Basocna-
CTUYHa aneprujcka aHruHa, Tun Il - aneprujcku nHdapKT Muo-
Kapga v T1n lll - Tpom603a KOPOHAPHOT CTEHTA.

Mpukasu 6onecHnKa Y oBom pafly nprikasaHa cy Tpy pasnu-
yuTa cnyyaja KyHucosor cniapoma tuna |l Koja cy gosena go
aHapMNaKTUYKOT aKyTHOT KOPOHAPHOT CMHAPOMA. Y MPBOM
npyiKasy, 66-roauLrba XKeHa je Jobuna cmnTome y Buay AnCn-
Heje, HecBecTule 1 6ona y rpyanMma, nocse yjepa nyene, y3
eneKkTpokapamorpadcke NpomeHe KapakTeprUCcTUUHE 3a aKyTHM
KOPOHapHM CHAPOM. Y APYrom npukasy, 64-roanilmba xeHa
je nobuna 6onose y rpyavma nocse aHapunakTnuke peakum-
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je Tokom ynoTtpebe jogHOr KOHTPACTHOT CPefCTBa y CKNomny
AMjarHoCTMYKe npoleaype (KomnjyTepr3oBaHa Tomorpaduja
rpyaHor Kouwa). Y Tpehem npukasy, 80-roguiliba eHa je aobuna
60s10Be Yy rpyarma, nannuTaLmje 1 oCun no KoXm pyky 1 Tpyna
nocse anaukaluje NHTPaBEHCKOT aHecTeTrKa nponodorna To-
KOM €NTEKTUBHOT XV PYPLUKOT Jieyetba ManurHe 6onectu febenor
upeBa. CBe 6onecHuLe cy neyeHe y KnuHuuw 3a Kapgmonorujy
YHUBEP3UTETCKOT KIIMHWUYKOT LieHTpa Cpbuije.

3akspyuak OcHoBa MexaHM3Ma KyH1coBor cuHapoma jecte
ocnobaharbe MeaujaTopa 3anasbera TOKOM XVNepCeH3nTHB-
He peaKumje n3a3BaHe pa3nnyMTMM y3pouHuumnma. Mako je
0Baj CMHAPOM MprxBaheH Kao Y3pOUHMK akyTHOT KOPOHapHOT
CUHAPOMA, HEOMXOAHO je KOHCTaHTHO noacehame fa Tpeba
MWUCAIUTU U Ha OBAj Y3POK HacTaHKa Ucxemuje MMokappaa.
KrbyuHe peun: akyTH1 KOPOHAPHY CYHAPOM; XMMEePCEH3NTVIBHA
peakuwja; aHadunakca; KyHncos ciHgpom
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Signet-ring colorectal carcinoma
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'University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
“Dr Dragisa Misovi¢ - Dedinje Clinical Hospital Center, Department for Gastroenterology and Hepatology,
Clinic for Internal Medicine, Belgrade, Serbia

SUMMARY

Introduction Colorectal cancer is the third most common cancer worldwide. Signet-ring carcinoma is
an extremely rare subtype of colorectal cancer, with frequency ranges 0.3-4.6%. The diagnosis of this
type of cancer is based on pathohistological analysis.

Case outline A 58-year-old patient was admitted due to abdominal pain and abdominal swelling. The
physical findings indicated abdomen above the level of the chest, soft, painfully sensitive in the left
hemiabdomen, with positive clinical signs of ascites. Laboratory analyzes indicated positive inflammatory
syndrome, elevation of D-dimer and CA-19-9. Ascites analysis showed the presence of malignant cells.
Computed tomography revealed hepatomegaly, liver steatosis, as well as multiple secondary deposits in
the liver, ascites, and peritoneal implants. Colonoscopy showed ulceration of the right colon, which was
covered with fibrin. The pathohistological findings indicated poorly differentiated, invasive adenocarci-
noma of the signet ring carcinoma type. The patient was treated with analgesics, diuretics, proton pump
inhibitors, beta 2 blockers, angiotensin-converting enzyme inhibitors, low-molecular-weight heparin,
antibiotics, and supportive therapy. The patient was discharged after 10 days of hospitalization. He was
presented to the multidisciplinary team, which decided on further symptomatic therapy.

Conclusion Signet-ring colon cancer is a rare, aggressive tumor with a poor prognosis. Although it is most
often localized in the stomach, it is necessary to think about the colorectal localization of this tumor in
the differential diagnosis of patients with colonic complaints, especially if they have “alarm symptoms”
and if they are younger.

Keywords: colorectal cancer; signet-ring carcinoma; peritoneal carcinomatosis; ascites; colonoscopy
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INTRODUCTION

Colorectal cancer (CRC) is the third most com-
mon cancer worldwide [1]. In terms of mortal-
ity, it ranks third, in both sexes [1]. Mortality
from CRC is declining, except in Japan, where
it is stable [2].

The most common CRC is adenocarcinoma.
There are three main types of colorectal ad-
enocarcinoma: conventional adenocarcinoma
(AC), mucinous adenocarcinoma, and signet-
ring adenocarcinoma (SRAC) [3, 4].

Signet-ring carcinoma is an extremely rare
subtype of CRC [3, 5, 6]. Its frequency ranges
0.3-4.6% [3, 7, 8]. Five-year survival ranges 11-
46% [9]. This subtype of colon cancer was first
described by Laufman and Saphir [10] in 1951.

CASE REPORT

A 58-year-old patient was admitted to the
Department for Gastroenterology due to ab-
dominal pain and abdominal swelling. The
complaints started a month before admission.
The pains were localized in the entire abdomen,
occasionally occurring in the left lumbosacral
region and spreading to the left leg. The pain
occurred in bursts, of the “tearing and pulling”
type, with an intensity of 8/10. It got worse
when lying down. Stool discharges occurred

every two to three days, stools were normally
formed, without blood and mucus. Due to the
aforementioned complaints, the patient was
initially examined by a general practitioner,
ultrasound and abdominal and pelvic com-
puted tomography (CT) were performed, and
the patient was referred to our clinic for further
diagnosis and therapy.

In his medical history, the patient had a
cerebrovascular insult two months previously.
He has dilated cardiomyopathy, extrasystolic
arrhythmia, and hyperlipoproteinemia. He did
not take regular therapy, had no surgeries and
no allergies. There were no hereditary diseases.
The patient was a former smoker, did not con-
sume alcohol.

On admission, the patient was conscious,
oriented, afebrile, eupneic, acyanotic, anicteric,
hemodynamically stable (TA 120/80 mmHg,
HR 90 beats/minute), with normal nutrition.
The head and neck were normal, as were aus-
cultatory findings on the heart and lungs. The
abdomen above the level of the chest was soft,
painfully sensitive in the left hemiabdomen.
The liver and the spleen were not palpable. He
was positive for clinical signs of ascites. Rectal
examination was normal. The findings on the
extremities were normal.

Laboratory analyses on admission are shown
in Table 1. Malignant cells were detected by the
cytological analysis of ascites. Electrocardiogram
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Table 1. Laboratory analyses at admission

Variable Slunit | Value e
range
Leukocytes 10%/L 22.7 4-10
Erythrocytes 10%/L | 5.24 3.8-6
Hemoglobin g/L 148 115-165
Mean corpuscular volume fL 83 80-98
Platelets 10°/L 440 150-400
Blood glucose mmol/L| 6.2 4.1-5.6
Urea mmol/L| 74 3-9.2
Creatinine pmol/L 61 53-115
Sodium mmol/L| 133 136-146
Potassium mmol/L| 5.3 3.5-5.1
Chlorides mmol/L| 90 98-107
Total bilirubin pmol/L | 14.8 3.4-20.5
Aspartate-transaminase 1J/L 60 11-34
Alanine-transaminase /L 65 <45
Gamma-glutamyl transferase 1J/L 220 <55
Alkaline phosphatase U/L 155 40-150
Lactate-dehydrogenase 1J/L 823 125-220
Total proteins g/L 73 64-83
Albumins g/L 47 35-50
Amylase 1J/L 25 28-100
Lipase 1J/L 11 <60
C-reactive protein mg/L 97.5 <5
Alpha-fetoprotein 1U/ml 1.6 <7
Carcinoembryonic antigen ng/mL | <0.5 <10
Carbohydrate antigen 19-9 U/ml | 48.87 <37
B-type natriuretic peptide pg/ml | 1475 <125
Prothrombin time s 1.15 | 11.7-155
Activated partial thromboplastin time s 29.5 | 24.8-344
D-dimer mg/L 9.88 <0.7

showed sinus rhythm, right bundle branch block, and q in
D2, D3, and aVE A chest X-ray showed a banded, oblique
shadow between the middle and lower left lung fields.

Abdominal ultrasonography showed an enlarged, inho-
mogeneous liver with multiple heteroechoic lesions with a
hypoechoic halo. Ascites was present in the abdomen, as
well as diffuse edema of the mesentery. Along the anterior
abdominal wall, hypoechoic oval changes with a diameter
of 11 mm were visualized.

CT of the abdomen and pelvis was performed before
admission to our clinic. The findings indicated hepatomeg-
aly, liver steatosis, as well as multiple secondary deposits in
the liver. Ascites and numerous cystic necrotic peritoneal
implants were present, predominantly along the anterior
and lateral abdominal wall. The colon and rectum were
without signs of infiltration, with transverse colon diver-
ticulum and bilateral iliac lymphadenopathy. In addition
to the above, an infrarenal aortic aneurysm was detected.

Esophagogastroduodenoscopy showed hyperemia of
the antral mucosa with suspicious areas of focal atrophy,
hiatus hernia and angiodysplasia of the D2 part of the duo-
denum, 5 mm in diameter. Pathohistological findings of
gastric biopsies indicated reactive gastropathy of the antral
mucosa. H. pylori status was negative.
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Figure 1. Ulceration of the right colon, covered with fibrin (histopathol-
ogy: poorly differentiated, invasive adenocarcinoma of the signet-ring
carcinoma type)

Figure 2. Hyperemic induration of the colonic mucosa (histopathol-
ogy: interstitial chronic colitis grade 1)

A colonoscopy was performed. At 90 cm from the ano-
cutaneous line, an ulceration was detected, covered with
fibrin (Figure 1). Biopsies were taken, the pathohistological
findings indicated poorly differentiated, invasive adeno-
carcinoma of the signet-ring carcinoma type. At 45 cm
from the anocutaneous line, a hyperemic induration of
the mucosa was detected, which is harder during biopsies
(Figure 2). Pathohistological findings indicated interstitial
chronic colitis (grade I). In addition to the above, diver-
ticula of the transverse colon were detected.

The patient was treated with analgesics, diuretics, pro-
ton pump inhibitors, beta 2 blockers, angiotensin-con-
verting enzyme inhibitors, low-molecular-weight heparin,
antibiotics, and supportive therapy. The initial analgesics
were tramadol, fentanyl, and metamizole, after which ta-
pentadol (50 mg, q6h.), paracetamol IV (1000 mg, q8h)
and morphine IV (5 mg, as needed) were administered.

The patient was discharged after 10 days of hospital-
ization, in a stable general condition. He was presented
to the multidisciplinary team, which decided on further
symptomatic therapy.
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This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
patient for the publication of the report and any accom-
panying images.

DISCUSSION

We present a case of a 58-year-old patient with colonic
SRAC. It is worth noting that SRAC occurs more often in
the younger population [5, 7, 8, 11, 12, 13]. Cases have also
been described in the pediatric population, where CRC is
uncommon [14, 15, 16].

In addition to the difference in frequency and time of
presentation, there are differences in clinicopathological
characteristics between colonic AC and SRAC. Namely,
SRAC is more often localized in the right colon [4, 8, 17]. It
occurs in the rectum in 20% of patients [7]. In some earlier
papers, it was described that the most common localization
of this type of cancer is the rectum [18]. In our patient, the
cancer was localized in the right colon. Compared to con-
ventional adenocarcinoma, SRAC colon is a more aggres-
sive tumor, usually of larger dimensions, of higher histo-
pathological grade with frequent neurovascular infiltration
and involvement of lymph nodes, and greater metastatic
potential [8, 11, 19]. In general, the prognosis of this type
of tumor is worse than that of colon adenocarcinoma [4,
7,8, 11, 19]. In addition to being a primary colon cancer,
SARC can also be a metastasis of this cancer from other
organs (e.g., the stomach) [20].

The clinical presentation of SRAC is similar to con-
ventional colon adenocarcinoma. Very often, patients are
asymptomatic. If they are symptomatic, the dominant
symptoms are changes in bowel habits (constipation, di-
arrhea), blood in stool, symptoms/signs of anemia, etc.
[7]. Symptomatology is primarily determined by tumor
localization. If the tumor is localized in the right colon,
it can be asymptomatic until obstruction or perforation
occurs. This localization of the tumor can be manifested
only by symptoms/signs of anemia [21]. If there is a distal
location of the tumor, the dominant symptoms are changes
in bowel emptying and blood in stool. Given that the tu-
mor primarily involves the wall of the large intestine, the
mucosa may be intact, and the fecal occult blood test may
be negative [9]. SRAC colon metastasizes more often in the
peritoneum than in the liver [8, 11]. Peritoneal dissemi-
nation occurs in approximately 50% of patients [7]. After
the lymph nodes, the peritoneum is the most common
site of SRAC metastasis [18, 22]. Our patient did not have
symptoms typical of colon cancer, which is most likely due
to the proximal localization of the tumor. The dominant
symptoms were severe abdominal pain and abdominal
swelling. The aforementioned complaints are the result of
peritoneal dissemination of the disease. Due to the lack
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of any other complaints, the disease was diagnosed at an
advanced stage.

The diagnosis of colonic localization of SRAC is es-
tablished on the basis of colonoscopy. This type of cancer
causes ulcerative lesions in 41.2% of cases [19], which was
also the case with our patient. In addition to ulcerative
forms, SRAC can also have infiltrative and exophytic forms
[19, 23]. Endoscopically, this cancer can look like a de-
pressed, polypoid or, rarely, a flat lesion [17]. Also, the
early stage of SRAC can be in the form of a discolored
flat-elevated lesion with a central depression [17]. In our
patient, another lesion was detected colonoscopically, more
distal than the previous one, which macroscopically could
correspond to SRAC; however, this was not confirmed by
histopathology. The histopathological characteristic of
SRAC is the presence of > 50% of tumor cells containing
intracytoplasmic mucin [7, 19]. Mucin causes peripheral
displacement of the nucleus [8, 19]. This configuration of
cells is called a signet ring. The molecular features of SRAC
differ from conventional colon adenocarcinoma. Namely,
in SRAC there is a higher frequency of microsatellite insta-
bility, loss of heterozygosity (e.g., 18q, 3p14.2, etc.), K-ras
codon 61 and b-Raf V600E mutations [7, 23, 24].

Most SRAC is diagnosed on CT as a thickening of the
longer segment of the colon, while an intraluminal mass
is rarely present [19]. This is due to the infiltrative na-
ture of this tumor. Namely, the tumor infiltrates the entire
thickness of the wall of the affected segment of the colon,
leading to a thickening of the wall. As a result, a rigid and
contracted wall occurs, which is a feature of linitis plas-
tica [25]. In our patients, CT indicated the presence of
peritoneal dissemination of the disease and ascites, while
thickening of the colon wall was not detected.

The only curative treatment modality for SRAC is sur-
gery. Surgery can be curative only if it is applied in the
early stages of the disease, which is quite rare because this
type of cancer is most often diagnosed in advanced stages
[6, 22]. An initial treatment with endoscopic mucosal re-
section was described, however, due to the risk of disease
dissemination, the patients subsequently underwent lapa-
roscopic resection [17]. In advanced stages, chemothera-
py (5-fluorouracil, capecitabine, oxaliplatin, irinotecan,
bevacizumab) can be used with varying success [7, 26, 27,
28]. In the case of peritoneal dissemination, the use of
cytoreductive surgery and hyperthermic intraperitoneal
chemotherapy has been described [28, 29]. However, there
are no clear recommendations.

Signet-ring colon cancer is a rare, aggressive tumor with
a poor prognosis. Although it is most often localized in
the stomach, it is necessary to think about the colorectal
localization of this tumor in the differential diagnosis of
patients with colonic complaints, especially if they have
“alarm symptoms” and if they are younger.

Conflict of interest: None declared.
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Kapu,m-lom KOJ/I0OHa TUMNa nevyaTtHor NpCcTeHa

[Jywat Monoewh'?, Hatawa Manuh?, Anen Knexesuh?, 3opaH MuneHkosuh?, bpaHka Qununosuh'2

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2KnuHnuko-6onHnukM LeHTap, Jp Oparuwa Muwosuh - leante’, KnuHuka 3a uHtepHy meauuuHy, Onerbere ractpoeHTeponoruje v

xenatonoruje, beorpag, Cpbuja

CAMXETAK

YBopg KapumHom gebenor upesa je Tpehn Hajuewhn Kapuu-
HOM y cBeTy. KapLu1HOM neyaTHOr MpCTeHa je 13y3eTHO pefak
NoATUM KONMOPEKTaNHOr KapLMHOMA, Ynja y4ecTanocT U3HOCK
0,3-4,6%. [lnjarHo3a oBe BpCTe KapLumnHoma je 6asmpaHa Ha
NaTOXUCTOMOLLKOj aHasIN3M.

Mpuka3s 6onecHnka bonecHUK ctap 58 roariHa NPUMIbEH je Ha
neyetbe 360r 60/10Ba y CTOMaKy 1 0TOKa cTomMaka. Or3nKanHu
Haras je yKa3ao Ha abjoMeH V3Haj HVBOa rPyAHOT KoL, MekK,
nannaTopHo 60JIHO OCeT/bUB Y IEBOM XeMUabLOMEHY, ca no-
3UTVBHUM KJIMHWYKMM 3HalMMa acumTeca. Jlabopatopujcku
je ycTaHOBIbeH NO3MTUBAH 3ana/beHCKN CUHAPOM U MOBYLLEH
D-pvimep 1 KapboxuapaTtHu aHTureH-19-9 (CA-19-9). AHanusa
acuyuTeca je ykasana Ha npucycTtBo ManurHux henwvja. Komnjy-
Tepu3oBaHOM TOMOrpadujom Cy OTKPVBEHM XenaTomeranuja,
CTeaTo3a jeTpe, Kao 1 6POojHU CEKYHAAPHU Jeno3nTu y jeTpy,
acuuTec 1 nepuToHeanHn nmnnaHTaTy. KonoHockonujom je
OTKpVBEHa ynLepaLja AeCHOT KOJIOHa, Koja je bvna npekpu-

DOI: https://doi.org/10.2298/SARH230824014P

BeHa GUbprHOM. MaTOXMCTOMNOLWKM Hanas je yka3ao Ha cabo
AvdepeHToBaH, MHBa3MBHYW afeHOKapLHOM TrMa KapLHoMa
neyaTHOr NpcTeHa. bonecHuK je neueH aHanreTMUMMa, AMypeTu-
LMMa, MHXMOMTOPKMa NPOTOHCKe nymne, 6eTa-2 6nokatopuma,
nHXxvouTopuma ACE, xenapnHOM HUCKE MOMNEKYJICKe Mace, aHTui-
61oTHLMMa 1 CynopTMBHOM Tepanujom. OTnyLwTeH je nocne 10
JaHa xocnuTtanu3auuje. NpeacTaBibeH je OHKOTOWKOM KOH3U-
Njymy, KOju je BOHEO OAJTyKY 3a Aasby CUMNTOMATCKY Tepanujy.
3aks/byyak KapLHOM KONOHa T1na neyaTHoOr NpcTeHa je pe-
[aK, arpecrBaH TyMOp Ca JIOLLIOM NPOrHo3oM. Mako je Hajuewhe
NOKanM130BaH Yy XesyLly, O KONOPeKTaHOj ToKanu3saLmnjn 0Bor
TyMopa je NoTpebHO pasmuLbaTy y AndepeHLmjanHoj auja-
rHO31 Kog 6onecHMKa ca KononaTckum Terobama, HapoumTo
YKONNKO Cy YAPYXeHe ca ,anapMH/M CUMITOMUMA" 1 aKo ce
jaBrbajy y mnahoj nonynaumju.

KrbyuHe peun: KonopeKkTanHu KapLnHOM; KapLIMHOM neyaTHor
NPCTeHa; KapLMHOMaTO3a NePUTOHEYMa; aCLUTEC; KOTIOHOCKO-
nvja
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SUMMARY

Introduction Peri-implant femoral fractures (PIFF) are defined as fractures of the femur with the presence
of previously implanted non-prosthetic osteosynthetic material.

A review of available literature revealed that there are several proposed classifications and sets of guide-
lines for surgical treatment of PIFF.

Case outline A 49-year-old patient was injured from a fall on the same level, the day before admission to
the hospital. The anamnesis at admission showed that six months earlier, he had sustained a pertrochan-
teric fracture of the left femur, which had been treated surgically with a short cephalomedullary nail. Two
years prior to hospital admission, the patient had sustained a tibial plateau fracture of the same leg, which
was treated non-surgically with above the knee cast immobilization. After the fracture had healed, paresis
of the peroneal nerve was diagnosed, while subsequent follow-up revealed secondary post-traumatic
arthrosis of the knee joint. Reduction and fixation of the fracture was performed on a surgical extension
table, with the use of fluoroscopy. Previously implanted osteosynthetic material was removed, a short
cephalomedullary nail, and fixation of the fracture was carried out with a long cephalomedullary nail.
Six months after the operation, the patient can ambulate independently, without assistance. He reports
no pain in the left groin and upper leg but reports pain and limitation of movement in the left knee joint.
Conclusion By reviewing the available literature, we found that the patient was cared for in our hospital

in keeping with all current recommendations for surgical treatment of this type of fracture.
Keywords: pertrochanteric fracture; cephalomedullary nail; peri-implant fracture

INTRODUCTION

In the overall number of fractures, the inci-
dence of proximal femur fractures is 14%, of
which 42% are transtrochanteric fractures.
However, the treatment of proximal femur
fractures accounts for 72% of the total cost of
treating all fractures [1]. The total annual direct
medical costs associated with all hip fractures
was $50,508 per patient, resulting in a yearly
estimate of $5.96 billion to the U.S. health-
care system. Intertrochanteric hip fractures
accounted for an annual estimate of $52,512
per patient, corresponding to an overall annual
economic burden of $2.63 billion to the U.S.
health-care system and representing 44% of
all hip fracture costs [2]. Bearing in mind the
increase in life expectancy and the incidence
of fractures of the trochanteric region, an in-
crease in the number of peri-implant femoral
fractures (PIFF) is to be expected. PIFF are de-
fined as fractures of the femur with the pres-
ence of previously implanted non-prosthetic
osteosynthetic material [3,4]. These fractures
most commonly occur in the elderly. In their
study, Vilar-Sastre et al. [5] reported a predomi-
nance of elderly women with comorbidities and
plate fixation. The incidence of PIFF is 1.7%
[6], while according to Halonen et al. [7], it

is 1.4%. The decision on the method of sur-
gical management of peri-implant fractures is
influenced by several factors — primarily the
condition of the initial fracture, i.e., whether it
has healed, but also by the type of primary os-
teosynthesis used (plate or nail fixation), as well
as by the location of the new fracture. A review
of available literature found several proposed
classifications and sets of guidelines for surgical
treatment of PIFF [4, 8-11]. The aim of this pa-
per is to present the surgical method of treating
PIFF in a younger patient, with reference to the
classifications and protocols recommended in
literature for the surgical management of these
types of fractures.

CASE REPORT

A 49-year-old patient was admitted to hospital
due to pain in the left thigh, painful and limited
movement of the left hip and knee and shorten-
ing of the left leg. He was injured from a fall on
the same level, which occurred the day before he
was admitted to the hospital. Physical examina-
tion and radiography of the pelvis and the left
upper leg with the knee joint, in two directions,
revealed the presence of a short cephalomedul-
lary nail (Figure 1), a PIFF in the projection of
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Figure 1. Radiography of the left hip joint
and femur on admission; peri-implant femo-
ral fracture at the level of the tip of the nail
[source: PACS Bezanijska Kosa UHMC]

Figure 4. Radiography of the left hip and
thigh two months after surgery [source: PACS
Bezanijska Kosa UHMC(]

the tip of the nail, and marked knee
joint degenerative changes which we
classified as N1A type of fracture ac-
cording to Chan classification. On
admission to the hospital, the patient
was fitted with an above-the-knee plas-
ter splint, and analgesic, anticoagula-
tion, and symptomatic therapy was
administered. From the anamnestic
data taken at admission, we learned
that six months before the actual in-
jury, the patient had sustained a per-

trochanteric fracture of the left femur, which was treated
with a short cephalomedullary nail, at a different hospital.
Two years before, during the COVID-19 pandemic, he had
sustained a fracture of the tibial plateau of the same leg.
He was treated non-operatively at a different hospital, with

Figure 2. Radiography of the left hip and

thigh on the first postoperative day [source:

PACS Bezanijska Kosa UHMC]

Figure 5. Radiography of the left thigh and
knee six months after surgery [source: PACS
archive Bezanijska Kosa UHMC]

‘ DOI: https://doi.org/10.2298/SARH230908024B
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Figure 3. Radiography of the distal end of the
femur and the knee joint on the first post-
operative day [source: PACS Bezanijska Kosa
UHMC]

above-the-knee cast immobilization,
after which he developed peroneal
nerve paresis. On admission to our
hospital, on the X-ray we diagnosed
post-traumatic arthrosis of the knee
joint. Immediately after admission to
the hospital we started with preop-
erative preparation and planning. An
hour before the surgical procedure,
two grams of cefazolin were admin-
istered. The operation was performed
on the orthopedic extension table,
with the use of fluoroscopy. We ap-
proached the tip of the greater tro-
chanter along the old surgical scar.
There we encountered the problem
of identifying the proximal end of the
nail, due to the fact that during the
primary osteosynthesis an end cap
was not inserted. After debridement
and “release” of the tip of the greater
trochanter, we attached the insertion
handle, with fluoroscopic guidance.
After this, we approached the lag
screw through the old surgical scar,

removed it, and did the same with the distal static screw.
After that, we extracted the nail itself. The removed nail
was 240 mm long, 11 mm wide, with a lag screw that was
105 mm long and with a 130° angle. After removing the
nail components, swabs of the femoral neck and canal were

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):201-204



Surgical treatment of peri-implant femoral fractures — case report and literature review

taken. With fluoroscopic guidance, we inserted, without
femoral canal reaming, a proximal femoral antirotation nail
(Proximal Femoral Nail Antirotation - PFNA ° — DePuy
Synthes GmbH, Oberdorf, Switzerland), 420 mm long, 12
mm wide, with a 105 mm blade, and an angle of 130°% a
distal static screw, 44 mm in length; and an end cap with
extension 0 (Figures 2 and 3). Operative wounds were su-
tured in the standard manner. Physical therapy and reha-
bilitation of the patient began on the first postoperative
day. Walking with crutches was permitted with non-weight
bearing on the surgically treated leg. Postoperative recovery
was uneventful, the dressings on the wounds were changed
regularly, and they healed per primam. Swab samples taken
intraoperatively were sterile. On the seventh postoperative
day the patient was discharged in good general condition.
The sutures were removed in the outpatient clinic of our
hospital, on the 13th postoperative day. Upon the comple-
tion of stationary physical therapy, two months after sur-
gery, the patient was ambulatory with the help of an axillary
crutch, used with the opposite, i.e., right arm. Radiographic
evidence of healing was visible (Figures 4 and 5) and the
patient was, therefore, allowed to walk with full weight
bearing on the surgically treated leg, with the support of a
cane. At the six-month follow-up, the patient was able to
walk independently, without walking aids, but complained
of severe pain in the left knee.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Written consent to
publish all shown material was obtained from the patient.

DISCUSSION

A PIFF in the projection of the tip of the cephalomedullary
nail indicates that there was a “stress riser” in that location
[4]. Bearing in mind the anamnestic data confirming that
directly before the fall the patient had been ambulatory with-
out walking aids, but with pain and limited movement of
the knee joint, as well as the X-ray of the injured upper leg
and hip at admission, we concluded that the pertrochanteric
fracture had healed. According to the proposed classifica-
tion by Chan et al. [4], we classified this fracture in the N1A
group, i.e., in group 32BNP according to Videla et al. [8, 9].

REFERENCES

1. Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A,
Tosteson A. Incidence and economic burden of osteoporosis-
related fractures in the United States, 2005-2025. J Bone Miner
Res. 2007;22(3):465-75. [DOI: 10.1359/jbmr.061113]

[PMID: 17144789]

2. Adeyemi A, Delhougne G. Incidence and Economic Burden of
Intertrochanteric Fracture: A Medicare Claims Database Analysis.
JB JS Open Access. 2019;27;4(1):e0045.

[DOI: 10.2106/JBJS.0A.18.00045] [PMID: 31161153]

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):201-204

Therefore, as an option for surgical treatment, the possibil-
ity of replacing the short cephalomedullary nail with a long
intramedullary nail was considered. However, removal of the
lag screw would have left a “cavity” in the neck and would
potentially represent a weak point at the primary fracture
site, so although classified as N1A, we treated the fracture
as an N1B type, which is in keeping with the recommen-
dations [12]. Therefore, we decided to replace the existing
short nail with a long cephalomedullary nail, with the same
angle of 130°, but with a larger diameter (12 mm), without
prior femoral canal reaming, because we took care not to
damage the endosteal vascularization of the femur. Also,
we locked the nail distally, as unlocked nails do not guar-
antee sufficient stability [13]. One of the potential methods
of surgical treatment was the use of a distal femoral plate
with locking screws and the use of cables, but due to the
extensiveness of the approach and the presence of secondary,
post-traumatic arthrosis of the knee joint, we abandoned
that option. Considering the clinical and radiographic signs
of post-traumatic knee arthrosis, the plan is to replace the
degenerative joint with an artificial one. The inserted end
cap will allow easier access to the tip of the greater trochan-
ter and the nail itself. This will facilitate the removal of the
cephalomedullary nail, which is necessary, in order to per-
form the implantation of a total endoprosthesis of the knee.
PIFFs most often occur in the elderly population. In the case
presented here, the most likely cause of PIFF due to low-
energy trauma in a person of a younger age is a stress riser
on the distal end of the nail combined with post-traumatic
arthrosis of the knee joint, accompanied by severe pain and
instability. By reviewing the available literature, we found
that the patient was cared for in our hospital in keeping with
all current recommendations for surgical treatment of these
types of fractures. However, the replacement of a short nail
with a long one, after PIFF at the tip of a short nail, may be
associated with increased patient morbidity [14]. Surgical
treatment of PIFF is a challenge because the fracture occurs
in the presence of pre-existing non-prosthetic implanted
material, often accompanied by osteoporosis, and there is
also a high risk of iatrogenic fracture. All this becomes even
more significant when we take into account the fact that
orthopedic trauma associations still have no uniform posi-
tion regarding the method of classification and the treatment
protocol for these fractures.

Conflict of interest: None declared.

3. Videla-Cés M, Sales-Pérez JM, Girds-Torres J, Sanchez-Navés R,
Videla S. A retrospective cohort study of concomitant ipsilateral
extra-capsular and intra-capsular fractures of the proximal
femur. Are they casual findings or an undervalued reality? Injury.
2017;48(7):1558-64. [DOI: 10.1016/j.injury.2017.04.009]

[PMID: 28433450]

4. Chan LWM, Gardner AW, Wong MK, Chua K, Kwek EBK; Singapore
Orthopaedic Research CollaborativE (SORCE). Non-prosthetic peri-
implant fractures: classification, management and outcomes. Arch
Orthop Trauma Surg. 2018;138(6):791-802.

[DOI: 10.1007/500402-018-2905-1] [PMID: 29532152]

www.srpskiarhiv.rs



204

Vilar-Sastre |, Corrd S, Tomas-Hernandez J, Teixidor-Serra J, Selga-
Marsa J, Piedra-Calle CA, et al. Fractures after cephalomedullary
nailing of the femur: systematization of surgical fixation based on
the analysis of a single-center retrospective cohort. Int Orthop.
2022;46(10):2357-64. [DOI: 10.1007/500264-022-05490-2]

[PMID: 35779111]

Norris R, Bhattacharjee D, Parker MJ. Occurrence of secondary
fracture around intramedullary nails used for trochanteric

hip fractures: a systematic review of 13,568 patients. Injury.
2012;43(6):706-11. [DOI: 10.1016/j.injury.2011.10.027]

[PMID: 22142841]

Halonen LM, Stenroos A, Vasara H, Kosola J. Peri-implant fracture:
a rare complication after intramedullary fixation of trochanteric
femoral fracture. Arch Orthop Trauma Surg. 2022;142(12):3715-20.
[DOI: 10.1007/500402-021-04193-4] [PMID: 34618190]

Videla-Cés M, Sales-Pérez JM, Sdnchez-Navés R, Romero-Pijoan E,
Videla S; ‘Peri-implant Femoral Fractures Study Group’ Proposal for
the classification of peri-implant femoral fractures: Retrospective
cohort study. Injury. 2019;50(3):758-63.

[DOI: 10.1016/j.injury.2018.10.042] [PMID: 30424840]

Videla-Cés M, Romero-Pijoan E, Sales-Pérez JM, Sdnchez-Navés R,
Pallarés N, Videla S; “Peri-implant femoral fractures study group”.
A pilot agreement study of a new classification system for Peri-
implant femoral fractures. Injury. 2021;52(7):1908-17.

[DOI: 10.1016/j.injury.2021.04.021] [PMID: 33875249]

Bilanovi¢ M. et al.

10. BidoleguiF, Pereira S, Munera MA, Garabano G, Pesciallo CA, Pires
RE, et al. Peri-implant femoral fractures: Challenges, outcomes,
and proposal of a treatment algorithm. Chin J Traumatol.
2023;26(4):211-6. [DOI: 10.1016/j.cjtee.2022.10.001]

[PMID: 36336545]

11.  Toro G, Moretti A, Ambrosio D, Pezzella R, De Cicco A, Landi G, et
al. Fractures around Trochanteric Nails: The “Vergilius Classification
System”. Adv Orthop. 2021;2021:7532583.

[DOI: 10.1155/2021/7532583] [PMID: 33520318]

12.  Castillon P, Mufioz Vives JM, Aguado HJ, Agundez AC, Briones
AO, Nunez JH. Consensus review on peri-implant femur fracture
treatment: Peri-Implant Spanish Consensus (PISCO) investigators’
recommendations. EFORT Open Reviews. 2024;9(1):40-50.

[DOI: 10.1530/EOR-23-0105]

13.  Skala-Rosenbaum J, DZzupa V, Bartoska R, Dousa P, Waldauf P,
Krbec M. Distal locking in short hip nails: Cause or prevention of
peri-implant fractures? Injury. 2016;47(4):887-92.

[DOI: 10.1016/j.injury.2016.02.009] [PMID: 26961434]

14. Goodnough LH, Salazar BP, Furness J, Feng JE, DeBaun MR,
Campbell ST, et al. How are peri-implant fractures below short
versus long cephalomedullary nails different? Eur J Orthop Surg
Traumatol. 2021;31(3):421-7. [DOI: 10.1007/s00590-020-02785-1]
[PMID: 32909108]

XUpYpLUKO leyerbe NepMMMNAAHTHUX NpenomMa byTHe KOCTU — NpUKa3 601eCHUKA 1

nperneg nutepartype

MurbaH Bunarnosuh', bojaH MuneHkosuh', CnahaH TumotujeBuh', Mupocnas Tatuh', lapko MunosaHoBuh*

'KnuHnuko-6onHnuKny LeHTap  bexaHujcka koca', Operberbe 3a optoneaujy v Tpaymatonorujy, beorpag, Cpbuja;
2YHUBepP3UTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a opTonepcky Xupyprujy v tpaymatonorujy, beorpag, Cpouja;

*YHusep3utet y beorpaay, MeauunHcku dakyntert, beorpag, Cpbuja

CAXETAK

YBop MepurmnnaHTHY npenomm demypa aedrHncaHm cy Kao
npenomu 6yTHe KOCTW y3 NPUCYCTBO NPETXOAHO yrpaheHor
HenpOoTETCKOr OCTEOCUHTETCKOT MaTepujana. Mpernefom nute-
paType yCTaHOBJbEHO je ia MOCTOj1 HEKONMKO NpeAnora Knacu-
dvKaLwja 1 BoAnYa 3a onepaTBHO Nleyetbe NepUMIIaHTHUX
npenoma pemypa.

Mpuka3 6onecHuKa bonecHurk cTap 49 rogrHa nospeheH je
NafioM Ha CTOM HUBOY faH npe npujema y 60nHuLy. AHamHe-
CTUYKM, Ha MpUjeMy, HaBOAM Aa je WeCT MeceLu Npe HaBefeHe
rospefe 3340610 NepTPOXaHTEPHU NPesiom sieBe By THe Ko-
CTU KOjV je NIeYeH X1PYPLLKKM, KpaTKiM LiedanomesynapHim
KnuHoMm. [1Be roavHe npe npujema 601ecHuK je MMao npenom
roper oKpajka rosiertbaye NCTe HOre, KOju je fieYeH Heonepa-
TVIBHO, HAaTKOJIEHOM rMncaHoM uMmobunusauujom. Mo caHaumju
npenoma fjnjarHoCcT1KOBaHa je nape3a nepoHeanHor »uBLa,
[OK CY HaKHaAiHU NperfieAn OTKPWAN CeKyHAapHy, NOCTTpay-

DOI: https://doi.org/10.2298/SARH230908024B

MaTCKy apTpo3y 3rno6a KoseHa. Penosuuuja npenioma 1 bherosa
dvKcaumja 3BeAeHa je Ha EKCTEH3VIOHOM CTOJY NOJ, KOHTPO-
nom dnyopockona. Tom NpUINKOM je OACTPatbeH NPETXOAHO
VIMM/IaHTPaHN OCTEOCUHTETCKM MaTepujan — KpaTku Ledaro-
MefynapHu KNvH, a Mpesiom je puKcvpaH ayrim Ledanomeny-
NIAPHUM KIMHOM.

LLlect meceL nocne onepaLmje 6onecHK je Morao Aa ce Kpehe
camocTanHo, 6e3 nomohu. Hermpao je 601y neBoj npenoHn n
HATKOMEHWNLIM, anu je HaBOAMO 60/ 1 orpaHnYerbe MoKpeTa y
3rnoby neBor KoneHa.

3aksbyyak [pernefom AoCTynHe nuTepaType yCTaHOBUAN CMO
[Aa je 60NeCHUK Y Halloj YCTaHOBM 36PUHYT MO CBUM TPEHYTHO
aKTyeNnHUM Npenopykama 3a XpypLIKO fleyere OBOr TUNa
npenoma.

KrbyuHe peun: nepTpoxaHTepHU Npeom; LedanomenynapHu
KNVH; NEPUMMIIAHTHI NPEom
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Autopsy findings in a fetus with monosomy 20
mosaicism
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SUMMARY

Introduction Mosaic monosomy 20 is a rare chromosomal aberration, without characteristic clinical
features. We present a case of a fetus with monosomy 20 mosaicism revealed after prenatal ultrasound
detection of anhydramnios and multiple anomalies.

Case outline The second pregnancy of a 33-year-old woman, was terminated at 23rd gestational week,
because of the multiple fetal anomalies and anhydramnios, detected by ultrasound. The autopsy of a
female fetus revealed multiple congenital anomalies: ventriculomegaly, bilateral choroid plexus cysts,
perivascular gliosis in periventricular region of cerebri, hydropericardium, severe cardiomegaly, severe
myocardial hypertrophy, hydrothorax, glandular/canalicular stage of fetal lung development, bilateral
renal and ureter agenesis (Potter syndrome), bladder aplasia, agenesis of the uterus, fallopian tubes and
proximal vagina and valgus deformity of left foot (pes valgus). Fetal growth was adequate for gestational
age with no craniofacial dysmorphia or radiographically visible anomalies of the skeleton, without signs
of infection. The umbilical cord was too long for gestational age — 48 cm. Analysis of fetal karyotype from
fetal blood sampling revealed monosomy of chromosome 20 in 10% of analyzed cells in metaphase.
Conclusion Revealing the genetic basis of fetal anomalies is at outmost importance not only for further

evaluation of pregnancy, but also for proper genetic informing of patients.
Keywords: fetus; autopsies; monosomy of chromosome 20

INTRODUCTION

Chromosomal mosaicism is the presence of two
or more genetically distinct cell lines. It may
occur in various genetic changes, including
chromosomal aberrations, single-nucleotide
variations or small insertions/deletions. Such
changes can either go unnoticed or underlie
genetic diseases. Chromosomal mosaicism may
refer to the presence of two or more different
abnormal cell lines (e.g., aneuploid/aneuploid),
or a normal and an abnormal cell line (e.g., eu-
ploid/aneuploid) [1].

Mosaicism happens because a mutation oc-
curs after the zygote is created. Frequent mitotic
errors after fertilization contribute to prevalent
aneuploidy in human embryos, including cell
cycle dysregulation, defective chromatid cohe-
sion, and centrosome overduplication [2, 3].

The fitness consequences of mosaicism are
less precise than those of meiotic origin - an-
euploidy. Just because an embryo is a mosaic
does not mean those cell lines will propagate
throughout development. The influence of mo-
saicism during development may depend on
the degree of aneuploidy, the tissues involved,
and the particular chromosome complement.
While mosaicism is associated with adverse
pregnancy outcomes, some mosaic embryos
are viable, and low-level mosaicism may be a
regular feature of human development [3].

Chromosomal mosaicism in pregnancies
and live births has been reported for cytoge-
netic aberrations, including trisomies, mono-
somies, deletions, duplications and other rare
alterations. Mosaicism with the loss of an entire
autosome is extremely rare in liveborn babies.

We present a case of a fetus with monosomy
20 mosaicism revealed after prenatal ultra-
sound detection of anhydramnios and multiple
anomalies.

Ethical approval was obtained by the Ethics
Committee of the University Clinical Center
of Serbia, and the study followed Helsinki
Declaration principles (Number 68/14).
Written consent was obtained from the patient
to publish this case report and any accompany-
ing images.

CASE REPORT

A 33-year-old woman, at 21st gestation week
of her second pregnancy, was referred to
our clinic because of multiple fetal abnor-
malities diagnosed at her prior hospital. The
couple was both healthy and not consan-
guineous. They had one healthy child and
no family history of genetic diseases or con-
genital malformations. The mother denied
being exposed to teratogenic agents or irra-
diation during the pregnancy. First-trimester
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Figure 1. Phenotype of a fetus with mono-
somy 20 mosaicism

Figure 4. Severe cardiomegaly and myocardial hypertrophy

screening for aneuploidies revealed the low-risk range. No
prenatal invasive test was indicated before the patient was
observed.

At referral, a fetal comprehensive transabdominal ul-
trasound exam was performed at 22 weeks of gestation
by two experienced maternal-fetal medicine physician
sonographers.

Ultrasound examination showed an anhydramnios,
ventriculomegaly, bilateral choroid plexus cysts, pleural
effusions, fetal heart failure and bilateral renal agenesis.

A sample of fetal blood was analyzed for chromosome
abnormalities. The sample was taken by cordocentesis and
processed using standard techniques. All specimens were
G-banded using trypsin — Giemsa. One hundred meta-
phase cells were analyzed for chromosomal constitution. In
10 cells (10%), monosomy of chromosome 20 was found,
so the karyotype was 45, XX,-20/46, XX (10%:90%). In
addition, the parental karyotypes were normal.

On the parent’s demand, after genetic counselling and
ethics committee approval, the pregnancy was terminated.

Autopsy of a female fetus after inducted abortion (with
Prostaglandin E2 and Prostaglandin E3) revealed multiple
anomalies: ventriculomegaly, bilateral choroid plexus cysts,

‘ DOI: https://doi.org/10.2298/SARH231112017M
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Figure 3. Bilateral renal and ureter agenesis,
bladder aplasia, agenesis of the uterus, fal-
lopian tubes, and proximal vagina

perivascular gliosis in periventricular region of cerebri,
hydropericardium, severe cardiomegaly, severe myocardial
hypertrophy, hydrothorax, glandular/canalicular stage of
fetal lung development, bilateral renal and ureter agenesis
(Potter syndrome), bladder aplasia, agenesis of the uterus,
fallopian tubes and proximal vagina and valgus deformity
of left foot (pes valgus) (Figures 1-4). Fetal growth was
adequate for gestational age with no craniofacial dysmor-
phia or radiographically visible skeleton anomalies without
signs of infection. The umbilical cord was too long for the
gestational age — 48 cm.

DISCUSSION

Historically, prenatal diagnosis has focused on detecting
chromosomal abnormalities, particularly trisomy 21, using
metaphase karyotype.

Pathological biomarkers of the fetus are routinely col-
lected via percutaneous umbilical cord blood sampling.
The key applications of this procedure are diagnosis and
identification of fetal infections, karyotype analysis, diag-
nosis of hematologic conditions, fetal growth retardation,
and metabolic analysis. This procedure has become more
popular recently since it provides direct data on fetal blood
status [4].

Clinical testing to determine the underlying etiologi-
cal factors involved in fetal death currently involves the
complex integration of family and obstetric history, ra-
diographic imaging and macroscopic and histological
examination of the body and placenta, along with labora-
tory investigations such as biochemistry, microbiology and
genetic testing [5]. Failure to detect low-level mosaicism is
a concern since microarrays for detecting genomic imbal-
ances have supplanted karyotyping as the first genomic
investigation for patients with developmental delay or
multiple congenital anomalies.

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):205-208



Autopsy findings in a fetus with monosomy 20 mosaicism

A fetal autopsy is the backbone for fetal phenotyping
in the molecular era and contributes to the limited data
on fetal phenotypes of various genetic disorders. Reverse
phenotyping requires detailing fetal characteristics, includ-
ing dysmorphism, that may not be apparent on ultrasound.
Thus, fetal autopsy plays an essential role in better un-
derstanding phenotypic and genotypic relationships and
complements the field of molecular autopsy in diagnosing
genetic diseases [6].

To our knowledge, only five cases of liveborns with
monosomy 20 mosaicism have been previously reported.
In most cases, only peripheral blood was sampled. The
phenotype of patients with monosomy 20 mosaicism
ranged from clinically normal to delayed motor and in-
tellectual development, with mild dysmorphic signs and
asymmetry. There were no common abnormalities except
for an intergluteal cleft asymmetry. There was no correla-
tion between the percentage of aneuploid cells in cultured
lymphocytes and the severity of the phenotype in the five
patients with monosomy 20 mosaicism, with the highest
percentage (25%) found in a normal woman [7, 8].

Stefanou et al. [9] found a significant number of mono-
somy 20 cells (39 out of 50) in the urine sediment of a
boy with bilateral vesicoureteric reflux. They suggested
that monosomy 20 causes renal tract abnormalities and
trisomy 20. Our case supports this thesis since the fetus
we examined had bilateral agenesis of kidneys and ureters,
with secondary aplasia of the bladder [9].

Mosaicism arises from mitotic errors occurring after
fertilization, during post-zygotic development, usually af-
ter the first three cleavage divisions. The best-characterized
types of mitotic errors resulting in mosaicism are sister
chromatid malsegregations: anaphase lagging, mainly
resulting in one normal and one monosomic daughter
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cell, and non-disjunction, leading to reciprocal trisomic
and monosomic daughter cells [10]. The observation that
monosomies are commonly found without reciprocal tri-
somies in mosaic embryos indicates that anaphase lag-
ging might be more frequent than non-disjunction during
mitotic errors [11, 12, 13]. The specific method by which
mosaicism arises can result in distinctly different outcomes
because the impact on fetal development depends on the
percentage of mosaicism, specific chromosomes involved,
monosomy versus trisomy and inclusion of complete or
segmental chromosome mosaicism [11, 12, 13]. We assume
that mosaicism anaphase lagging occurred in the case of
monosomy 20. If the mosaicism resulted from a cell divi-
sion error after fertilization, recurrence risk for the mosaic
chromosome is very low.

The devastating impact of pregnancy loss, terminations
and perinatal death on families and the wider community
is often compounded by the uncertainty of the cause of
death and the subsequent recurrence risk for future preg-
nancies [5].

We should agree with McCoy [3] that future research
should focus on understanding the risks associated with
various forms of mosaicism to guide the implementation
of genetic screening approaches.

Percutaneous blood sampling allows direct access to the
fetal circulation, thus spreading new prenatal diagnosis and
therapy areas. Revealing the genetic basis of fetal anomalies
is of foremost importance not only for further evaluation
of pregnancy but also for proper genetic informing of pa-
tients. Identifying a genetic diagnosis in the fetus is valu-
able to aid in pregnancy management decisions and can
be critical for the medical management of the newborn.
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AyToncujcku Hanasm ¢petyca ca MO3aUuyHOM MOHO30MMjOM Xpomo3oma 20

Cpbosby6 Munuhesuh'?, Jacmita Taguh', Crawa Kpacuh?, CreBaH Penauy', bojaHa Metposuh’
'YHUBep3nTETCKI KNUHNYKK LieHTap Cpbuje, KnuHuKa 3a ruHekonorujy 1 akylepctso, beorpag, Cpbuja;

*Yuueep3uteT y beorpagy, Megnumncku ¢pakyntet, beorpag, Cpbuja;
*MHcTuTyT 3a Majky 1 fete, [p BykaH Yynuh', Beorpag, Cpbuja

CAXETAK

YBopg Mo3anyHa MoOHO30MMja Xpomo3oma 20 je peTka Xpo-
MO30McKa abepauuja, Koja Hema KapaKTePUCTYHY KITMHNYKY
cnuKy, 6yayhu aa oHa 3aBucK of npoLieHTa abepaHTHYX henvja
Yy Pa3NunTUM TKMBMMA.

Mpukas 6onecHuka [lpyra TpyaHoha 33-roguiime xeHe
NPeKnHyTa je y 23. rectaumjckoj Hefilesby 360r BULIECTPYKMX
aHoMasnuja nioja 1 HefocTaTKa N0A0BE BOAE, OTKPVBEHUX
YNTPa3BYyYHMUM Npernesom. AyToncujom niopa *XeHCKor nosna
yTBphHEHO je nocTojarbe BULIECTPYKMX YpoheHnx aHoManu-
ja: MoTepoB cuHApPOM — 6unaTtepanHa areHesuja 6ybpera u
ypeTtepa ca ceKyHAapHOM annasunjom mokpahHe 6elmke;
areHesuja ytepyca 1 BarviHe; LcTe XOPOUAHOr NneKcyca;

DOI: https://doi.org/10.2298/SARH231112017M

BEHTpuKynomeranuja. MNnog je 6o ogrosapajyher nHTpay-
TePyCHOF pacTa 3a rectauujcKy ctapocT, 6e3 kpaHuodaLujanHe
arcmopduje, 63 pagnosNoLLKI BUATBUBUX aHOManwja CKeneTa,
Ca 3HauMma nHcybuLMjeHLje cpLa TELIKOF cTeneHa, 6e3 3Ha-
KoBa nHoekuuje. lNynuyaHa Bpnua 6una je npeBenvke AyKunHe
3a rectaumjcKy ctapocT — 48 cm. AHanv3a KapyuoTuna nnoga v3
y30pKa deTanHe KpBY OTKPUA je MOHO30MUjy Xpomo3oma 20
y 10% aHanu3mpaHux henwvja y metadasu.

3akrbyuak YTBphrBatbe reHeTMYKe OCHOBE KOHTeHUTaNHUX
aHOManuja BaXkHO je Kako paju Aarbe eBanyauuje TpygHohe,
TaKo 1 360r NCNPaBHOT FreHEeTUYKOT MHPOPMMCatba NaLmjeHaTa.

KrbyuHe peun: peTyc; ayToncuja; MOHO30MMja Xpomo3oma 20
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The importance of re-biopsy in the era of molecular
therapy for lung cancer
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SUMMARY

Introduction Recent epidemiological data highlight that lung cancer incidence and mortality rates
remain alarmingly high globally for both men and women. Over the last 10 years, the evolution in treat-
ment corresponds to identifying specific driver mutations within lung tumors and developing inhibitors
targeting these mutations.

Case outline A 73-year-old woman was diagnosed with lung adenocarcinoma staged as TAN2M1b at
the Institute for Pulmonary Diseases of Vojvodina in February 2019. The Oncology Board recommended
molecular analysis of the tumor and palliative radiation therapy for spinal metastases. Molecular testing
identified an exon 19 deletion in the epidermal growth factor receptor (EGFR) gene. Following radiation
treatment of the spine metastases, the patient began treatment with afatinib in May 2019. After 35 cycles
of the aforementioned therapy, in April 2022, a computed tomography scan of the thorax and abdomen
showed that the disease had progressed. Despite three liquid biopsies failing to detect the T790M muta-
tion, a subsequent bronchoscopy and tissue re-biopsy confirmed its presence, prompting the initiation of
osimertinib treatment. Twelve months into osimertinib therapy, the patient continues to be monitored.
Conclusion EGFR is a crucial predictive biomarker for non-small cell lung cancer. The introduction of
specific tyrosine kinase inhibitors - first-generation agents like gefitinib and erlotinib, second-generation
afatinib, and introduction of third-generation (osimertinib or lolatinib) when initial treatments are met

with resistance, has led to significant therapeutic breakthroughs.
Keywords: lung adenocarcinoma; liquid biopsy; T790M; tissue biopsy

INTRODUCTION

Current international guidelines recommend
conducting molecular testing at the initial di-
agnosis of advanced non-small cell lung can-
cer (NSCLC), and it is considered obligatory
for cases of lung adenocarcinoma (ADC) [1].
Over recent decades, there has been a signifi-
cant increase in the identification of oncogenic
drivers, facilitating the prediction of clinical
responses to targeted therapies in NSCLC. The
molecular characterization of lung ADC, as
opposed to mere histological classification, has
paved the way for fully personalized treatment
strategies [2]. In 2004, the epidermal growth
factor receptor (EGFR) was recognized as a
predictive biomarker for NSCLC [3]. EGFR,
a 170-kDa tyrosine kinase receptor and mem-
ber of the ERbB family, has been associated
with mutation-driven oncogenesis in NSCLC.
Approximately 10-15% of NSCLC patients with
mutations predominantly in exons 19 and 21
exhibit profound responses to targeted inhibi-
tion by first-generation tyrosine kinase inhibi-
tors (TKIs) such as gefitinib and erlotinib, the
second-generation drug afatinib, and third-
generation drugs like osimertinib and lorlatinib
[4]. However, prolonged treatment with these
TKIs can lead to the development of resistant
neoplastic cells due to mutations in the targeted

EGER gene, consequently diminishing the initial
high expectations for targeted therapy. Specific
mechanisms which lead to acquired resistance
to TKIs were uncovered. A notable example is
the T790M mutation within the EGFR gene in
lung ADC, which is found in over 50% of pa-
tients after treatment with first- or second-gen-
eration EGFR TKIs [5]. Subsequent generations
of drugs, like osimertinib, have been designed
to precisely target this specific mutation [6].
Re-biopsy of the lung tumor tissue has proven
to be useful in identifying particular genetic
changes and targeted mutations. This process
offers more detailed information compared to
liquid biopsy and is essential for reassessing
patients to ensure the continuation of effective
treatment [7]. Illustrating the potential for long-
term success with this approach, we report the
case of a female patient with metastatic ADC.
After developing resistance to the first line of
molecular therapy, she was administered a new
generation TKI in her second-line treatment
regimen, highlighting the evolving landscape
of personalized cancer treatment.

CASE REPORT

A 73-year-old non-smoking female with a his-
tory of hypertension, complete right bundle
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Figure 2. Chest CT after four months of treatment with afatinib

" ”ﬂ

Figure 3. Chest CT at the time of disease progression to the drug afatinib

LG

Figure 4. Chest CT after 12 months of treatment with osimertinib
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branch block, and type 2 diabetes, developed symptoms in
the form of difficulty breathing, and persistent dry cough
in January 2019. An initial chest X-ray disclosed a sizable
tumor, approximately 7 cm in diameter, located in the right
parahilar region. Further investigation using a computed
tomography (CT') scan of the chest and abdomen identified
an infiltrative mass in the S3 segment of the right upper
lung lobe, with dimensions of 78 x 53 mm. The lesion
extended into the mediastinal pleura, mediastinal fatty tis-
sue, and interlobar fissure, accompanied by pronounced
pneumonitis and lymphangitis. Additionally, bilateral nod-
ular alterations in the lung were evident (Figure 1). There
was a suspicion of involvement with potential secondary
deposits in the left iliac bone, as well as vertebral levels,
VThl1l and VL3-5.

In February 2019, bronchoscopy was performed and
the cytological analysis of samples obtained via transbron-
chial needle aspiration of tumor bronchial compression
confirmed the presence of lung ADC. The disease was
clinically and radiologically staged as T4AN2M1b. In the
following month, March 2019, the Oncology Board at the
Institute for Pulmonary Diseases of Vojvodina (OB IPBV)
recommended molecular testing of the tumor biopsy to
identify potential targets for therapy. The patient’s tumor
sample was tested for EGFR mutations using the Cobas
EGFR Mutation Test v2 (CE-IVD). This test confirmed a
deletion in exon 19 of the EGFR gene. In April 2019, the
patient underwent conformal radiation therapy, targeting
the tumor metastases in the thoracic and lumbar vertebrae.
Following radiotherapy, the patient began treatment with
afatinib in May 2019. The first follow-up CT scan of the
chest and abdomen in July 2019, assessed according to the
Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1, documented partial regression of both target
and non-target lesions (Figure 2), indicating a positive re-
sponse to the afatinib therapy.

For an extended period of 35 months from the begin-
ning of afatinib therapy, according to RECIST criteria,
stable disease was observed on all control findings of the
CT of the chest and abdomen. In April 2022, however, a
chest and abdomen CT scan showed a progression of the
disease per RECIST criteria (Figure 3).

In May and June 2022, a liquid biopsy was carried out
on the patient’s blood plasma to check for EGFR mutation
status. These tests reaffirmed the presence of a deletion in
exon 19 of the EGFR gene, while at the same time, the cir-
culating tumor DNA (ctDNA) plasma result was negative
for the T790M mutation. The progression of the disease
at this stage was classified as oligoprogression and the de-
cision was made to continue with the afatinib treatment.
However, a subsequent CT scan of the chest and abdomen
in July 2022 verified further disease progression accord-
ing to the RECIST criteria. The OB IPBV suspended the
administration of the drug afatinib and made a decision
for repeated bronchoscopy and re-biopsy.

The bronchoscopy performed in August 2022 con-
firmed endoscopic evidence of disease progression.
Subsequent pathohistological analysis confirmed the
diagnosis of lung ADC. Molecular testing identified the
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previously detected deletion in exon 19 and an additional
T790M mutation in exon 20. With the emergence of the
T790M mutation, the OB IPBV advised initiating treat-
ment with osimertinib, a third-generation EGFR TKI, as a
second-line therapy. The patient has been adhering to the
prescribed osimertinib regimen in October 2022. The latest
check-up control CT scan of the thorax and abdomen was
performed in September 2023, showing partial regression
according to RECIST (Figure 4).

Summarized, the beginning of the application of mo-
lecular therapy in our patient in whom metastatic disease
existed since the date of established the diagnose was in
May 2019 as the first-line therapy with the drug afatinib
for 35 months, and the second line of therapy with the
drug osimertinib for 12 months, up to the date of publi-
cation of the paper. She feels well, regularly performs all
daily activities, and has no side effects from the currently
applied therapy.

We confirm that we have read the journal’s position on
issues involving ethical publication and affirm that this
work is consistent with those guidelines. Written consent
to publish all shown material was obtained from the patient.

DISCUSSION

According to the most recent epidemiological data, the
global incidence of lung cancer remains alarmingly high.
It is the most common cancer among men and the second
most common one among women. In 2020, there were
approximately 2.2 million new cases of lung cancer diag-
nosed worldwide [8]. NSCLC is the predominant form,
and the past decade has seen significant advances in the
treatment of lung cancer type due to the identification of
driver mutations, facilitating a personalized approach to
therapy [9]. Tyrosine kinase inhibitors targeting the EGFR
(EGFR TKIs) have been notably effective in patients with
mutations in the EGFR gene. Among these “positive pa-
tients,” especially those with lung ADC, response rates to
EGEFR TKIs can be as high as 80%, with progression-free
survival (PES) typically ranging 10-14 months [5]. The
most prevalent activating mutations in the EGFR gene
are deletions in exon 19 and the L858R point mutation
in exon 21, which combined make up over 80% of all
known activating EGFR mutations [10]. The presence
of deletions in exon 19 or the L858R point mutation in
exon 21 of the EGFR gene correlates with an enhanced
response to targeted therapy using EGFR TKIs [11]. For
our patient, who was diagnosed with metastatic ADC of
the lung, the OB IPBV recommended molecular profil-
ing using the real-time PCR Cobas EGFR Mutation Test
v2 (CE-IVD). This test is capable of detecting 42 distinct
mutations across exons 18-21 of the EGFR gene, includ-
ing the T790M resistance mutation, but it has a reduced
sensitivity for detecting 50% of EGFR exon 20 insertion
mutations when compared to the more comprehensive
next-generation sequencing method, which our Institution
has not yet adopted [12]. Upon receiving the molecular test
results indicating an EGFR exon 19 deletion, our patient
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commenced targeted treatment with a second-generation
TKI afatinib. Second-generation TKIs, including afatinib
and dacomitinib, have been evaluated in phase III ran-
domized trials. Results from Lux-Lung 3, Lux-Lung 6, and
Lux-Lung 7 trials consistently demonstrated a significantly
longer median PFS for patients treated with afatinib [13].
For the patient discussed, the PFS reached impressive 35
months. Throughout this period, based on the RECIST
version 1.1, our patient’s follow-up imaging consistently
showed either partial regression or stable disease.
Acquired resistance to EGFR TKIs eventually devel-
ops in most patients undergoing this treatment modal-
ity. Typically, resistance that is EGFR-dependent arises
in patients who have been treated with first or second-
generation TKIs. In contrast, resistance associated with
third-generation TKIs occurs less frequently [14]. The
T790M mutation in exon 20 of the EGFR gene is par-
ticularly notable, emerging in about 50-60% of patients
treated with first- or second-generation TKIs. Interestingly,
this mutation appears more commonly in patients who
initially present with a deletion in exon 19 of the EGFR
gene as opposed to those with the L858R mutation [15].
The detection of the T790M mutation can be conducted
through two principal methods: a liquid biopsy of the pa-
tient’s blood plasma or a re-biopsy of the tumor tissue. By
examining blood plasma or other bodily fluids such as
pleural effusion, circulating tumor DNA (ctDNA) carrying
the mutation can be identified. However, the sensitivity

REFERENCES

1. Kalemkerian GP, Narula N, Kennedy EB, Biermann WA,
Donington J, Leighl NB, et al. Molecular testing guideline for
the selection of patients with lung cancer for treatment with
targeted tyrosine kinase inhibitors: American society of clinical
oncology endorsement of the college of American pathologists/
international association for the. J Clin Oncol. 2018;36(9):911-9.
[DOI: 10.1200/JCO.2017.76.7293] [PMID: 29401004]

2. Passiglia F, Scagliotti GV. The evolving paradigm of precision
medicine in lung cancer. Curr Opin Pulm Med. 2021;27(4):249-54.
[DOI: 10.1097/MCP.0000000000000778] [PMID: 33927132]

3. Jurisi¢V, Obradovic J, Pavlovi¢ S, Djordjevic N. Epidermal Growth
Factor Receptor Gene in Non-Small-Cell Lung Cancer: The
Importance of Promoter Polymorphism Investigation. Anal Cell
Pathol (Amst). 2018;2018:6192187. [DOI: 10.1155/2018/6192187]
[PMID: 30406002]

4. Greenhalgh J, Dwan K, Boland A, Bates V, Vecchio F, Dundar Y, et al.
First-line treatment of advanced epidermal growth factor receptor
(EGFR) mutation positive non-squamous non-small cell lung
cancer. Cochrane Database Syst Rev. 2016(5):CD010383.

[DOI: 10.1002/14651858.CD010383.pub2] [PMID: 27223332]

5. Holleman MS, van Tinteren H, Groen HJM, Al MJ, Uyl-de Groot
CA. First-line tyrosine kinase inhibitors in EGFR mutation-positive
non-small-cell lung cancer: A network meta-analysis. Onco Targets
Ther. 2019;12:1413-21.[DOI: 10.2147/0TT.5189438]

[PMID: 30863108]

6.  Wu SG, Shih JY. Management of acquired resistance to EGFR TKI-
targeted therapy in advanced non-small cell lung cancer. Mol
Cancer. 2018;17(1):38. [DOI: 10.1186/512943-018-0777-1]

[PMID: 29455650]

7. MokTS, Wu Y-L, Ahn M-J, Garassino MC, Kim HR, Ramalingam SS,
et al; AURA3 Investigators. Osimertinib or Platinum-Pemetrexed in
EGFR T790M-Positive Lung Cancer. N Engl J Med. 2017;376(7):629-
40.[DOI: 10.1056/NEJMoa1612674] [PMID: 27959700]

8.  Mondoni M, Rinaldo RF, Carlucci P, Terraneo S, Saderi L, Centanni
S, et al. Bronchoscopic sampling techniques in the era of

DOI: https://doi.org/10.2298/SARH231114015L

Lali¢ N. et al

of liquid biopsies might be lower in some metastatic lung
ADC since ctDNA might not be present in large quanti-
ties in peripheral blood, which can lead to false-negative
results. For the patient in question, three liquid biopsies
failed to detect the T790M mutation, yet a re-biopsy of the
tumor obtained during a new bronchoscopic procedure
did reveal the mutation in exon 20 and the T790M muta-
tion. In the AURA2 study, the sensitivity and specificity
of liquid biopsy for detecting the T790M mutation were
61% and 79%, respectively, compered to tissue biopsy,
which boasts a higher sensitivity of 90% and a specificity
0f 91% [16]. The AURA2 study explored the efficacy and
safety of osimertinib, a third-generation EGFR TKI, for
patients who had developed resistance to first- and second-
line EGFR TKI treatments and had the T790M mutation
in exon 20 of the EGFR gene. AURA3 phase III clinical
trial demonstrated that for patients harboring the T790M
mutation and treated with osimertinib, the median PFS
ranged 10.1-14.2 months [17]. The detection of T790M
mutations varies based on the method employed: 30-40%
are identified through pathological or cytological exami-
nation of tumor tissue, while plasma samples account for
about 20% of detections [18]. This disparity highlights the
ongoing need to re-biopsy using refined diagnostic tools to
ensure accurate mutation status assessment and to guide
therapeutic decision-making.

Conflict of interest: None declared.

technological bronchoscopy. Pulmonology. 2022;28(6):461-71.
[DOI: 10.1016/j.pulmoe.2020.06.007] [PMID: 32624385]

9.  Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA
Cancer J Clin. 2023;73(1):17-48.[DOI: 10.3322/caac.21763]

[PMID: 36633525]

10.  Winfree KB, Molife C, Peterson PM, ChenY, Visseren-Grul CM,
Leusch MS, et al. Real-world characteristics and outcomes of
advanced non-small-cell lung cancer patients with EGFR exon 19
deletions or exon 21 mutations. Future Oncol. 2021;17(22):2867-
81.[DOI: 10.2217/fon-2021-0218] [PMID: 33866796]

11.  Lindeman NI, Cagle PT, Aisner DL, Arcila ME, Beasley MB, Bernicker
EH, et al. Updated Molecular Testing Guideline for the Selection
of Lung Cancer Patients for Treatment With Targeted Tyrosine
Kinase Inhibitors: Guideline From the College of American
Pathologists, the International Association for the Study of Lung
Cancer, and the Association for Molecular Pathology. J Mol Diagn.
2018;20(2):129-59. [DOI: 10.1016/j.jmoldx.2017.11.004]

[PMID: 29398453]

12.  Bauml JM, Viteri S, Minchom A, Bazhenova L, Ou S, Schaffer M, et
al. FP07.12 Underdiagnosis of EGFR Exon 20 Insertion Mutation
Variants: Estimates from NGS-based Real-World Datasets. J Thorac
Oncol. 2021;16(3):5208-9. [DOI: 10.1016/j.jtho.2021.01.112]

13.  Paz-Ares L, Tan EH, O'Byrne K, Zhang L, Hirsh V, Boyer M, et al.
Afatinib versus gefitinib in patients with EGFR mutation-positive
advanced non-small-cell lung cancer: overall survival data from
the phase llb LUX-Lung 7 trial. Ann Oncol. 2017;28(2):270-7.

[DOI: 10.1093/annonc/mdw611] [PMID: 28426106]

14.  Westover D, Zugazagoitia J, Cho BC, Lovly CM, Paz-Ares L.
Mechanisms of acquired resistance to first- and second-
generation EGFR tyrosine kinase inhibitors. Ann Oncol.
2018;29(suppl_1):i10-i19. [DOI: 10.1093/annonc/mdx703]

[PMID: 29462254]

15.  Passaro A, Janne PA, Mok T, Peters S. Overcoming therapy
resistance in EGFR-mutant lung cancer. Nat Cancer. 2021;2(4):377-
91.[DOI: 10.1038/543018-021-00195-8] [PMID: 35122001]

Srp Arh Celok Lek. 2024 Mar-Apr;152(3-4):20-213



The importance of re-biopsy in the era of molecular therapy for lung cancer

16.

17.

Goss G, Tsai CM, Shepherd FA, Bazhenova L, Lee JS, Chang GC, et
al. Osimertinib for pretreated EGFR Thr790Met-positive advanced
non-small-cell lung cancer (AURA2): a multicentre, open-label,
single-arm, phase 2 study. Lancet Oncol. 2016;17(12):1643-52.
[DOI: 10.1016/S1470-2045(16)30508-3] [PMID: 27751847]

Lee JH, Kim EY, Park CK, Lee SY, Lee MK, Yoon SH, et al. Real-World
Study of Osimertinib in Korean Patients with Epidermal Growth
Factor Receptor T790M Mutation-Positive Non-Small Cell Lung

Cancer. Cancer Res Treat. 2023;55(1):112-22.
[DOI: 10.4143/crt.2022.381] [PMID: 36049499]

18. Hong MH, Kim HR, Ahn BC, Heo SJ, Kim JH, Cho BC. Real-World
Analysis of the Efficacy of Rebiopsy and EGFR Mutation Test of
Tissue and Plasma Samples in Drug-Resistant Non-Small Cell Lung
Cancer. Yonsei Med J. 2019;60(6):525-34.

[DOI: 10.3349/ym;j.2019.60.6.525] [PMID: 31124335]

3Hauaj pebuoncuje y epu moneKynapHe Tepanuje KapuuHoma nayha

HeHcw Jlanuh'?, lann6opka bypcah'2, Mapko bojosuh'?, Mapko Hemet', BaH Eprenatues'?
'YHuep3utet y Hosom Cagy, MegnunHcku pakyntet, Hosu Cag, Cpbuja;

2MHcTuTyT 3a nnyhHe 6onectn BojsoauHe, Cpemcka Kamenuua, Cpbuja;

*MHCTUTYT 3a oHKonorujy BojsoaunHe, Cpemcka Kamernua, Cpbuja

CAXETAK

YBopg Npema nocneawbyiM envaeM1onoLwKUM NofaLima, HLK-
JeHua KapuurHoma nnyha y cBeTy je 1 Aasbe BIUCOKa, Kao 11 cTone
MopTanuTeTa 3a oba nona. Mpe Buwe of AeleHuje, oTKpruhem
TaKo3BaHMX MOKPeTayKux MyTaLja y TKUBY Tymopa omoryheHo
je Tepanmjcko feNoBakbe HhUXOBUM MHXUOUTOPUMA.

Mpukas 6onecHuKka Kop 6onecHurue ctapoctu 73 rogriHe je
y debpyapy 2019. roguHe 6poHxockonujom y MHCTUTYTY 3a
nnyhHe 6onecTu BojBoanHe AnjarHOCTKOBaH afeHOKapLIMHOM
nnyha, KNMHUYKO-pagronoLwKor ctagujyma 6onectn cT4N2M1b.
OHKonowKn KoH3unmjym NHctutyTa 3a nnyhHe 6onectu Boj-
BOAMHE AOHEO je OANYKY 3a MOJIeKY/IapHO TecTrpakbe TKMBa
TymMOpa 1 NpYMeHy NanujaTMBHOr 3payer-a MeTacTasa y Kuumm.
Tectnparem peLientopa enupepmanHor pakTopa pacrta fo-
OujeH je pe3ynTat Aeneuuje y eraoxy 19. Mocne npumerbeHe
3payHe Tepanuje Ha MeTacTase y KWYMeHUM NPLLbEHOBMMA, Y
Majy 2019. roguHe 3anoyeTa je Tepanuja NprMeHoM neka adpatii-
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H16. Ha KomnjyTepr3oBaHoj ToMorpaduju Topakca 1 abgomeHa
y anpuny 2022. onucaHa je nporpecuja 6onectu. ynpkoc Tome
LUTO TPV TEYHe GroncKje HUCY ycrene Aa OTKpWjy MyTaLujy Ty-
mopa T790M, HakHagHa 6poHxocKonuja 1 peburoncyja NoTBpAK-
ne Cy HheHOo NPUCYCTBO Y TKBY TYMOpPa 1 OTNoYena je Tepanuja
NeKoM ocuMepTrHM60M. [lo objaB/bmBatba paga 6onecHuua je
6vna 12 mecewLn Ha Tepanuju 1EKOM OCUMEPTUHUOOM.
3akbyuak Pelientop enugepmanHor paktopa pacta je npeauk-
TVBHM BMOMapKep 3a HeMUKpoLenynapH KapumHom niyha.
MpumerbeHn cneundUUHN UHXMOUTOPK TUPO3VHCKE KNHa3e
npBe reHepaLmje Kao LWTO Cy NIeKOBU reGpUTUHNG, epnoTUHUG,
Jpyre reHepauuje — nek adaTviH1b NojaBom pesncTeHLuje Ty-
Mopa Ha NHX1OMTOpe TUPO3UHCKe KrHa3se, Tpehe reHepauyje
— JIEKOBU OCUMEPTUHUG 1 NopnaTuHNG, fajy OANUYHe Tepa-
nnjcke ogrosope.

KmyuHe peuu: ageHokapuunHom nnyha; TeyHa 6roncuja;
T790M; TKrBHa 6roncuja

www.srpskiarhiv.rs

213



Received  MpumbeHo:
January 4, 2024

Revised - PeBusnja:
March 13,2024

Accepted - MpuxeaheHo:
March 27,2024

Online first: April 1,2024

Correspondence to:

lvana NOVAKOVIC

Koste Todorovica 26

11000 Belgrade, Serbia
ivananovakovic223@gmail.com

DOI: https://doi.org/10.2298/SARH240104028N

UDC: 618.3:616.379-008.64-074

CURRENT TOPIC / AKTYEJTHA TEMA

Continuous glucose monitoring in pregnancy
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SUMMARY

Pregnancies complicated with either pregestational or gestational diabetes mellitus deserve great at-
tention due to their complexity and potential subsequent complications for both mother and the fetus.
Based on already proven role of glycemic variability in the development of these, improving glucose
monitoring continues to be an important step towards preventing adverse outcomes. Besides already
well-established self-monitoring of glycemia, newer devices in the form of continuous glucose moni-
toring have found their place due to their proven preciseness and non-invasiveness. This paper has the
aim to analyze results and conclusions of obtained, newer studies focused on these methods of glucose
monitoring and to also give a closer insight of their usability and limitations.

Keywords: gestational diabetes mellitus; pregestational diabetes mellitus; glycemia tracking

INTRODUCTION

Diabetes mellitus (DM) in pregnancy holds
great importance due to numerous reasons,
including its rising prevalence and overall high
perinatal morbidity and mortality [1]. Whether
as pregestational (type 1 or type 2 DM) or gesta-
tional DM (GDM), the proportion of pregnan-
cies complicated by this disease continues to
rise, mostly due to the rising prevalence of type
2 DM [2]. Additionally, recent data suggests that
one in six pregnancies is of higher risk due to
being complicated by maternal hyperglycemia
[3]. In Belgrade, Serbia, the prevalence of pre-
gestational DM had increased in the past decade
among pregnant and non-pregnant women and
it is expected to further increase in the follow-
ing decades [4]. Furthermore, the importance of
pregestational DM (especially when poorly con-
trolled) also lies in possible adverse outcomes
for both mother (higher risk of preeclampsia,
diabetic ketoacidosis, etc.) and the fetus (pos-
sible spontaneous abortions, preterm births,
major congenital malformations, stillbirth, mac-
rosomia, neonatal hypoglycemia, etc.). GDM,
due to its time of onset, is mainly associated
with macrosomia and neonatal hypoglycemia
[2]. It is also proven that diabetes in pregnancy
can have an impact not only on the blood flow
in the placenta but also on placental structure
and metabolism [5]. Nevertheless, these comor-
bidities during pregnancy could have a severe
impact on children’s health later in life, by put-
ting them at a higher risk of developing vari-
ous chronical diseases (due to the hypothesis
of the fetal programming) [6]. In order to most
adequately prevent these outcomes, it is sug-
gested that existing screening regimes for GDM
remain in the domain of each country due to

its possibilities and population characteristics
[7]. When already affected, minimizing the risk
of these outcomes through adequate glycemic
control remains the main goal, so different soci-
eties provided their recommendations regarding
optimal goal glycemia values in these pregnan-
cies. The National Institute for Health and Care
Excellence (NICE) optimal values of glycemia
in pregnancies complicated by any type of DM
are as follows: fasting glucose < 5.3 mmol/l,
one hour after meal < 7.8 mmol/l; two hours
after meal < 6.4 mmol/I [8]. American Diabetes
Association (ADA) from 2023 suggests the fol-
lowing goal levels: fasting glucose < 5.3 mmol/l,
postprandial after one hour < 7.8 mmol/, and
after two hours < 6.7 mmol/l. Regarding con-
tinuous glucose monitoring (CGM), ADA
also suggests spending time in range (TIR)
(3.5-7.8 mmol/l) > 70%, time below range
(< 3.5 mmol/l < 4%, and < 3.0 mmol/l < 1%)
and time above range (TAR) (> 7.8 mmol/l)
< 25% [9]. Therefore, to minimalize glycemic
variability (GV) (defined as range of glucose
variations in one patient over one day or in-
between days), which proved to be a contribut-
ing factor to adverse outcomes, research focused
on finding the most optimal ways of glycemia
monitoring [10].

REAL-TIME CONTINUOUS GLUCOSE
MONITORING AND INTERMITTENTLY
SCANNED (“FLASH”) CONTINUOUS
GLUCOSE MONITORING

One of the oldest and more conventional
approaches to measuring glycemia is self-
monitoring of blood glucose (SMBG) with the
help of glucometers. Newer, more promising
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techniques that have been developed are through continu-
ous monitoring of glucose - either by real-time continuous
glucose monitoring (rtCGM) or by intermittently scanned
(“flash”) continuous monitoring (isCGM, FGM). Although
sometimes perceived as identical, these two hold reason-
able differences, and manufacturers even position FGM
as a “third” category not truly comparable to either the
rtCGM system or the usual glucometers [11]. CGM as such
measures blood glucose either in a minimally invasive way
(through continuous measurement of interstitial fluid) or
completely non-invasively (by applying electromagnetic
radiation throughout the skin, that reaches blood vessels).
A sensor can be inserted subcutaneously and measure in-
terstitial fluid in situ or an external sensor is placed. After
a device-specific calibration process (either manually by
aligning with SMBG values or already factory-calibrated),
each device provides blood glucose readings every 1-10
minutes for up to 72 hours (with the minimally invasive
technology) and even up to three months (with the non-
invasive technology), overall up to 288 measurements per
day. Maximal duration of use of the FGM sensor is 14
days, and seven days for the rtCGM. Some benefits of these
devices include the unnecessity of painful finger lancing
and quick results’ readings. Even if the glucose measure-
ments are not constantly updated in FGM (as they are in
rtCGM) and therefore no alarms are triggered when glyce-
mia values reach certain points, current values can still be
quickly obtained when needed [11]. Results are monitored
on a display, on which these data are transmitted, which
shows the current sensor-detected levels, along with the
glucose trend arrow and glucose variability in past hours.
Obtaining glucose data is possible at any time or it can be
automatically obtained and stored [11, 12].

RECENT EXPERIENCE IN CLINICAL PRACTICE

RtCGM has so far primarily been used by patients with
type 1, and FGM by patients with type 2 DM who per-
formed only a few measurements daily (training sessions
are needed either way), but despite the benefits, not many
have been using them long-term due to relatively high
costs [11, 12]. Lai et al. [12] even suggested that for women
with GDM that have HbAlc < 6%, SMBG (already widely
spread) might be more economical that CGM. Further
benefits come from their interoperability — these systems
can also be used by those on insulin therapy, with particu-
lar significance for patients using continuous subcutaneous
insulin injections (CSII), as a part of a closed-loop system
[13]. Their significance and potential were also recognized
by NICE, who included them in their guidelines and now
recommends that rtCGM is offered to all pregnant women
with type 1 DM, as well as to all pregnant women on insu-
lin therapy that keep experiencing problems with achiev-
ing adequate glycemic control, and to those with hypo-
glycemias. If women are unable to use or tolerate CGM,
it is reasonable to offer FGM [8]. Guided by these recom-
mendations, all pregnant women with type 1 DM in the
United Kingdom will receive government-funded rtCGM
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for one year, which will enable them to continue this type
of monitoring for some time even after delivery [14]. These
guidelines had a prominent role in further studies, such
as CONCEPTT, a multicenter randomized controlled trial
regarding the use of rtCGM in women with type 1 DM. It
showed that the use of rtCGM was associated with lower
HbAlc at 34 weeks, suggesting that this type of monitoring
might lead to better maternal glycemic control during the
late second and early third trimesters (without increasing
maternal hypoglycemia). Also, authors observed reduc-
tion in large-for-gestational-age (LGA) infants, neonatal
hypoglycemia, and neonatal intensive care unit (NICU)
admissions [15]. By applying functional data analysis to
CONCEPTT data, it was able to better enlighten daily os-
cillations of maternal glucose. In doing so, rtCGM users
showed lower glucose during the day than women using
only SMBG, and it was also observed that giving birth to
LGA babies was associated with maintaining a higher glu-
cose level throughout pregnancy [16]. A systematic review
that combined data from CONCEPTT with comparable
data from the GlucoMOMS trial also reported a reduction
in preeclampsia [17]. Sobhani et al. [18] reported similarly
in this group of women and emphasized the importance
of spending TIR as long as possible, mainly in early preg-
nancy, because it seems that even small improvements in
time spent in range can significantly reduce the incidence
of preeclampsia and LGA children. Sanusi et al. [19] also
highlighted the importance of TIR, and supported ADA
recommendations of aiming for 70% TIR, because even
5%-point increase in TIR can reduce neonatal morbid-
ity rates. Furthermore, Scott et al. [20] analyzed over 10.5
million glycemia values from pregnant women with type
1 DM and showed that normal birth weight (BW) is as-
sociated with achieving significantly lower mean CGM
glucose concentration across 24 hours and that aiming for
TIR of 2 55-60% (with aiming to achieve 70% thereafter),
a mean glucose of < 7 mmol/l and TAR < 35% by 10 ges-
tational weeks may be sufficient for adequate fetal growth.
Therefore, authors propose that the focus in everyday clini-
cal management of these pregnancies shifts on optimizing
glycemia from early pregnancy [20]. Their superiority over
SMBG in type 1 DM pregnancies was also shown through-
out a retrospective cohort that reported lower HbAlc
values in CGM users not only during pregnancy but also
postpartum, as well as less often noted macrosomia and
NICU admissions than in SMBG users [21]. Regarding
their use in GDM, Bitar et al. [22] concluded that in GDM
and type 2 DM spending longer TIR < 70% is associated
with various adverse maternal and neonatal outcomes. A
meta-analysis implied that GDM women using CGM have
lower average glucose levels, maternal gestational weight
gain (GWG) and neonatal BW compared to SMBG women
[23]. In support of these findings, another meta-analysis
brought out further benefits of these devices (CGM group
having lower HbA1c levels, maternal GWG, and caesarean
section rates than the SMBG users) [24]. These devices
might also be beneficial in monitoring GDM women on
insulin therapy, because better dynamic and lower HbAlc
values in CGM than SMBG group were noted (without
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increasing severe hypoglycemia) [25]. Their benefits have
been proven even in women with type 1 DM on CSII, by
two studies done in Poland, which showed that the ad-
dition of CGM to this type of insulin application has its
benefits — among other findings, it results in improved
glycemic control, lower HbAlc levels during pregnancy;,
and lower rates of LGA [26, 27]. Regarding the FGM use,
the FLAMINGO trial, a non-blinded randomized con-
trolled trial, assessed its efficiency in GDM. During its
tirst month, no significant correlation was found between
mean fasting glucose nor postprandial glucose and BW.
However, FGM application seemed to improve glycemic
control in the third and fourth week of this study, and had
no impact on GWG, HbAc, caesarean section prevalence,
qualification to insulin therapy, or its dosage. It decreased
macrosomia incidence but no significant impact on BW
percentile or neonatal hypoglycemia incidence was ob-
served [28]. Also, Pikee et al. [29] observed that FGM is
truly better in detecting GV, as well as frequency and dura-
tion of asymptomatic or nocturnal hypoglycemias, and has
improved patient satisfaction compared to SMBG. Even
in pregestational DM, isCGM can reduce hyperglycemia
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exposure and was also found to better detect nocturnal
hypoglycemia than SMBG [30].

CONCLUSION

Great efforts have been made in researching methods of
glycemia monitoring in DM and GDM-complicated preg-
nancies, with the aim of reaching adequate glycemic con-
trol and minimizing GV. Future holds hope that CGM and
FGM as newer and more accurate methods by monitoring
in real time and by being safe and non-invasive might in
some cases replace SMBG. Nevertheless, further enlight-
ening of the potential, safety, and possible wider imple-
mentation of these devices still remains an elusive goal,
which deserves great attention and holds inexhaustible
research potential.
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KoHTUHYMpaHo npahetbe rmnkemuje y TpyaHohu

MBaHa HoBakoswh', JoaHa Togoposuh?, CredaH [yranuh'?, Maja Mauypa', Munow Munutunh', Mupocnaga lojHuh'>

'YHUBep3nTETCKN KNMHUYKY LeHTap Cpbuje, KnuHuka 3a ruHekonorujy 1 akywepctso, beorpag, Cpbuja;
2YHueep3uTeT y beorpaay, MeanunHcki dakynTet, UIHCTUTYT 3a couunjanty meauumHy, beorpag, Cpbuja;

3YHueep3uTet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja

CAXETAK

TpyaHoNhe KOMMNIMKOBaHE MPerecTaLyjCKUM UM rectalmjcKum
InjabeTecom MenmTyCcoM 3aciyyjy BeNINKY Naxkky 360r cBoje
KoMmmneKcHocTv 1 moryhux cnepyjyhnx Komnnvkaumja 3a Majky
1 detyc. 3acHnBajyhn ce Ha Beh foKa3aHoj yo3u FnKkemmjcke
BapuWjabunHOCTW y pa3Bojy OBYX KOMMMKaLWja, No6osbLuaBa-
tbe npahema rrkemuje HacTaBsba Aa Oyfe BakaH Kopak y
cnpeyasamy Nolwmx ncxopa. Cem Beh o6po ycTaHOBIbEHOT
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camocTanHor npahera rnmkemuje, HoBU anapaTu 6asmpaHn
Ha KOHTUHYVPAHOM Mepetby FNKeMuje NPOHALLN Cy CBOje
MecTo 360r JoKa3aHe NPeL3HOCTY U HEMHBa3MBHOCTY. Linb
OBOT paja je aHanM13a pe3ynTaTa 1 3akjbyyaka NpUKyN/beHNX
HOBUjVIX CTyAWja 1 06e36ehrBatbe 6nvxer yBuaa y moryhHocTy
ynotpebe 1 moryha orpaHnyera oBUX METOAA.

KmbyuHe peun: rectauujcku gujabetec MennTyc; nperectauuj-
CKU AnjabeTec MenuTyc; npahere ramkemuje
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SUMMARY

“Refeeding syndrome”is described in the literature as a range of metabolic and electrolyte disorders that
result from starting nutritional rehabilitation in malnourished patients. Without a universally accepted
definition, data on “refeeding syndrome”incidence are heterogeneous. In most cases, a clinician will sub-
jectively identify “refeeding syndrome,” many authors have developed their purposes and criteria for it in
their studies. Using the PubMed database and the appropriate filters (“refeeding syndrome”-related terms:
refeeding syndrome, pediatrics, child, nutrition support, nutrition assessment, malnutrition), a search of
the published literature was conducted. The American Society for Parenteral and Enteral Nutrition’s 2020
recommendations are the only guidelines for identifying children with or at risk for “refeeding syndrome”.
High-quality scientific evidence regarding the clinical syndrome is absent, so we need further research in
all‘refeeding syndrome”-related areas, from validation to better identification of risk factors, definitions
of “refeeding syndrome,” and standardization of treatment protocols. For now, clinicians must remain
vigilant to protect patients from the potentially devastating consequences of the “refeeding syndrome.”
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INTRODUCTION

“Refeeding syndrome” (RES) is defined in the
literature as a group of metabolic and electro-
lyte disorders that occur in response to nutri-
tional rehabilitation in malnourished patients
[1, 2]. It was first mentioned in the journals of
starving Asian prisoners during World War II,
Keys et al. [3] reported on a prospective ran-
domized control trial examining the physiolog-
ic consequences of protracted malnourishment.
Even though REFS is most often written about
in the adult population, it can also occur in
childhood [4]. The physiology and pathophys-
iology of RES are well known, while clinical
signs, symptoms, and treatment are less known.
When risk factors are not identified promptly,
negative consequences such as hydro electrolyte
imbalances, metabolic disorders, respiratory
failure, cardiac arrhythmias, encephalopathy;,
coma, and death can occur [5, 6]. The con-
sequences of a rapid refeeding scheme in the
presence of malnutrition include disturbances
in potassium, magnesium, thiamin, and phos-
phate levels; vitamin deficiencies; glucose and
fluid intolerance; and cardiac, pulmonary, he-
matologic, and neuromuscular dysfunction [7].
This condition is frequently undiagnosed, par-
ticularly in the pediatric population, so becom-
ing familiar with the pathophysiology, clinical
manifestations, and treatment models will help
clinicians avoid unnecessary life-threatening

conditions. The criteria developed for predict-
ing RES have been published in previous years
but scored poorly for sensitivity or specificity
[8]. The American Society for Parenteral and
Enteral Nutrition (ASPEN) Consensus in 2020
advocated for new rules for defining RFS and
screening procedures that entail stratification
of criteria in response to the challenges brought
up by the individual definition of RFS. The
authors suggest that the diagnostic criteria for
REFS should be as follows: a decrease of serum
phosphorus, potassium, and/or magnesium
levels by 10-20% (mild), 20-30% (moderate),
or > 30% and/or organ dysfunction caused by
a decrease in any of these and/or thiamin defi-
ciency (severe) within five days of reintroduc-
ing calories [9]. Novel criteria sets such as those
proposed by the ASPEN may be predictive for
REFS in pediatric patients [10]. The crucial point
in preventing the occurrence of RFS is to be
aware of its existence.

EPIDEMIOLOGY OF REFEEDING
SYNDROME IN PEDIATRICS

The epidemiological data on RFS are hetero-
geneous due to a lack of universally accepted
defining criteria; a clinician usually identifies
RES subjectively, and many authors have creat-
ed their own definitions and standards in their
studies, often using hypophosphatemia as the
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single diagnostic criteria [11]. Consequently, the data on
REFS incidence in the pediatric population is challenging.
The overall prevalence of RFS in various hospital popula-
tions has been cited with a wide range of estimations, from
0.43% to 34% [12, 13].

The cohort study made by Dunn et al. [14] reported
that within 72 hours of the beginning, the incidence of
“electrolyte shifts” in the whole population was 27% (eight
out of 15) in the population at risk of those patients who
developed hypophosphatemia, three developed lethargy,
and cardiac dysfunction. Two neonatal studies found that
rates of hypophosphatemia were significantly higher in pa-
tients of early gestational age [15, 16]. In two other studies,
hypophosphatemia and hypokalemia were discovered in
neonates receiving parenteral nutrition (PN) [17, 18, 19].

PATHOPHYSIOLOGY

Understanding the pathophysiology of malnutrition is cru-
cial for comprehending what occurs during refeeding [20].
Starvation can be defined as a catabolic state where the
body shifts from carbohydrate utilization to fat and protein
metabolism. With this shift, the pancreas’ production of
insulin declines in the absence of available carbohydrates
[21]. The following change in the metabolic pathway is
that ketone bodies and free fatty acids will replace glucose
as the primary energy fuel. Further catabolism leads to a
continuing and progressive wasting of cellular and muscle
mass, resulting in hypotrophy, atrophy of vital organs, and,
consequently, dysfunction. As a result, lower renal concen-
tration capacity, hydro electrolytic disbalances, a decline
in metabolic rate and hemoglobin level, and reductions in
respiratory and cardiac function may all result in serious
complications.

When we start refeeding, increased glucose levels in-
crease insulin secretion, stimulating glycogen, fat, and
protein synthesis. This increment in insulin release and
its anabolic activity are the keys to the pathophysiology
[22]. This anabolic process requires electrolytes, primarily
phosphorus, magnesium, and potassium, and cofactors,
such as thiamine, to be taken into cells. The consequence
of this alteration in metabolism can be a life-compromising
extracellular depletion of these electrolytes. Phosphate is
essential for all intracellular processes, cell membranes’
structural integrity, adenosine triphosphate production,
DNA, RNA, and 2,3-diphosphoglycerate. Hypokalemia
(below 3.5 mEq/L) and hypomagnesemia (below 1.8 mg/
dL) are also commonly related to electrolyte imbalances
with RFS [23]. A mild reduction of potassium and magne-
sium serum levels may induce nausea, vomiting, constipa-
tion, diarrhea, muscle twitching, or weakness. In contrast, a
more severe reduction of the serum levels of these electro-
lytes can cause dysrhythmias, cardiac dysfunction, skeletal
muscle weakness, seizures, and metabolic acidosis.

Children may suffer more from short periods of starva-
tion because their bodies need more energy to grow, while
adults may be able to handle more prolonged periods of
starvation better [24].
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PREDICTIVE CRITERIA

An example of criteria especially designed for predicting
RFS and nutritional support in adults — Britain’s National
Institute for Health and Care Excellence (NICE) guideline
was published in 2006 [8]. This guideline was established
based on previously reported reviews and the authors’
expertise and agreed upon based on an unofficial con-
sensus. The short nutritional assessment questionnaire is
an example of screening criteria designed for malnutri-
tion that are validated for diagnosing malnutrition and
have also been validated for predictive value in RFS [25];
the usefulness of these two previously mentioned tools is
questionable because their contribution to predicting less
severe hypophosphatemia, hypokalemia, or hypomagne-
semia is undefined, and their performance in predicting
severe hypophosphatemia is poor [26].

In 2017, the ASPEN, the Parenteral Nutrition Safety
Committee, and the Clinical Practice Committee estab-
lished consensus recommendations for discovering pa-
tients with or at risk for RFS (Figure 1) and recommenda-
tions for the avoidance and treatment of RFS in at-risk
pediatric patients (Table 1) [6]. As of today, these are the
only recommendations for the pediatric population. Still,
the predictive validity of these unique and novel recom-
mendations has yet to be studied [9].

CLINICAL FEATURES

Severe hypophosphatemia causes impaired neuromuscu-
lar function with paresthesia, seizures, cramps, weakness,
impaired muscular contractility, and rhabdomyolysis. The
consequence for the respiratory system is hypoventila-
tion, which may be followed by respiratory failure [27]. It
can also present as a central nervous system dysfunction
in the form of confusion or coma. Phosphate deficiency
also leads to hematologic disorders such as thrombocy-
topenia, damaged clotting, and leukocyte dysfunction,
and the red blood cells show a deteriorated capacity to
release oxygen [28].

Both hypomagnesemia and hypokalemia lead to neu-
romuscular dysfunction, which presents as weakness, pa-
ralysis, paresthesia, confusion, rhabdomyolysis, respira-
tory depression, cardiac arrhythmias, and cardiac arrest.
Additionally, due to starvation, stress, inflammation, and
increased insulin release, sodium retention increases, and
the consequence is extracellular fluid expansion followed
by edema. As mentioned above, the disorders, when as-
sociated with thiamine deficiency, lead to tachyarrhyth-
mias, enlargement of the heart, severe edema, and finally,
congestive cardiac failure with lung edema. Thiamine de-
ficiency also causes Wernicke-Korsakoff syndrome in the
central nervous system and neuropathy in the peripheral
nervous system [29].

Most clinical signs and symptoms during an RFS are
nonspecific (Figure 2) [30]. The primary and most com-
mon symptoms are tachycardia, tachypnea, and periph-
eral edema. However, such signs may also be due to other
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Acute malnutrition

Chronic malnutrition

{1

{1

- Rapid weight gain of 10% (or < 80%
ideal body weight) receiving only
intravenous fluids

- Weight loss for five consecutive days,
or poor fluid intake for > seven days

- Postoperative status

- Patients receiving nutritional support

- Chronic gastrointestinal disease
(anorexia nervosa, inflammatory
bowel diseases, cystic fibrosis, celiac
disease)

- Marasmus

- Kwashiorkor

- Hypoalbuminemia

Stevi¢ M. et al.

electrolyte imbalances, and by lowering or
slowing the advancement of calories, ac-
cording to the final aim. RES can be seen
with any pattern of nutritional support:
oral diet, enteral nutrition, PN, or intrave-
nous dextrose solutions [32]. The ASPEN
consensus recommendations for avoid-
ing and treating RFS presented in Table
2 are universal. They should be adapted
to individuals and particular populations,

- Malignant diseases
- Cerebral palsy

- Congenital lung disease

support

- Congenital heart disease

- Prolonged fasting or low-energy diet
- Patients receiving nutritional

such as those with decreased renal func-
tion. These recommendations are based
on consensus and, in the future, will need
to be investigated in randomized clinical
trials in general and specific populations
with different comorbidities to define their
actual benefits and utility [33].

Most clinical trials investigating risk

Figure 1. Risk factors for refeeding syndrome [1]

conditions in hospitalized patients with different diseases,
especially those in intensive care departments.

AVOIDANCE AND TREATMENT

Prevention and early recognition of at-risk patients, careful
monitoring before and during refeeding, and proper indi-
vidualized nutrition rehabilitation are the keys to success-
ful management and outcome [31]. Various studies have
evaluated preventive approaches for RFS, mainly guided
by hypocaloric nutrition, electrolyte substitution, and thi-
amin infusions. Management of confirmed RFS should
be conducted in two ways: by improving the underlying

factors for RFS are conducted according to
criteria developed by the NICE guidelines.
However, Goyale et al. [34] and ZeKki et al.
[35] found these factors had low sensitivity and specific-
ity in predicting RFS. According to the NICE guidelines,
feeding should be started gradually (maximum 0.042 M]
/ kg / 24 hours) and individually adapted for patients at
high risk of developing RFS [8]. Also, the NICE guidelines
advocate that in very undernourished patients (body mass
index < 14 or insignificant food intake for more than two
weeks), refeeding should start at a maximum of 0.021 MJ
/ kg / 24 hours, with cautious monitoring on an electro-
cardiogram. The NICE recommendations also state that
correcting hydroelectrolyte imbalances should be done in
conjunction with refeeding; doing it before starting with
feeding is not imperative. All guidelines agree that vitamin
supplementation should be started promptly before and for

Table 1. ASPEN Consensus Criteria for Identifying Pediatric Patients at Risk for Refeeding Syndrome [9]

Mild Risk: 3
Risk Categories Needed

Parameters

Moderate Risk: 2
Risk Criteria Needed

Significant Risk: 1
Risk Criteria Needed

Weight-for-length z-score (1-24
months) or BMI-for-age z-score
(2-20 years)

-1to-1.9 z-score that is a change
from baseline

-2t0-2.9 z-score that is a change
from baseline

-3 z-score or greater thatis a
change from baseline

Weight loss < 75% of norm for expected

weight gain

< 50% of norm for expected
weight gain

< 25% of norm for expected
weight gain

Energy intake 3-5 consecutive days of protein
or energy intake < 75% of

estimated need

5-7 consecutive days of protein
or energy intake < 75% of
estimated need

> 7 consecutive days of protein
or energy intake < 75% of
estimated need

Abnormal prefeeding serum
potassium, phosphorus, or
magnesium concentrations®

Mildly abnormal or decreased to
25% below lower limit of normal

Moderately/significant abnormal
or down to 25-50% below lower
limit of normal

Moderately/significantly
abnormal or down to 25-50%
below lower limit of normal

Higher-risk comorbidities Mild disease

(see Table 4)

Moderate disease Severe disease

Evidence of mild loss
ORMid-upper arm circumference
z-score of -1 to -1.9 z-score

Loss of subcutaneous fat

Evidence of severe loss
ORMid-upper arm circumference
z-score of -3 or greater

Evidence of moderate loss
ORMid-upper arm circumference
z-score of -2t0 -2.9

Evidence of mild or moderate
loss

ORMid-upper arm circumference
z-score of -2t0 -2.9

Loss of muscle mass

Evidence of severe loss
ORMid-upper arm circumference
z-score of -3 or greater

ASPEN - American Society for Parenteral and Enteral Nutrition; BMI - body mass index;
2not intended for use in patients at < 28 days of life or < 44 weeks corrected gestational age;
bplease note that electrolytes may be normal despite total-body deficiency, which is believed to increase risk of refeeding syndrome

DOI: https://doi.org/10.2298/SARH230725029S
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the first 10 days of nutritional rehabilitation.
I\éIlROLOGlC:P o CARDIOVASCULAR: The required levels of supplements cited by
oma aralysis » 2
3 Dysrhythmias - -
Confusion ~ Weakness Humotenion NICE are only grade-level D recommenda
Seizure };aresthe sia Wetbenben tions.
etany cps .
Dey bustd Additionally, the circulatory volume
should also be reestablished. Regarding fur-
TITTINGTT  Sprm—— ther patient monitoring, in the first week,
Hypoxia Anorexia electrolyte levels should be controlled once
ceatory fal Abdominal pain . .
R“"o"z;’;‘jfﬂ“f COnsﬁpmﬁ a day and at least three times in the follow-
Diahea ing week. Urine electrolytes could also be
v —— checked for closer monitoring and assess-
5 METABOLIC: ment of hydro electrolyte status, wasting,
£ Bypdidens, HEPATIC: and replacement.
i Hypophosphatemia Hypoglicemia
= Hypomagnesemia Starvation induced
Metabolic alkalosis liver disease .
Metabolic acidosis Fulminant liver faiture
CONCLUSION
MUSCULOSKELETAL: HEMATOLOGIC:
Weakness Thrombocytopenia Even though RFS is reported most often in
Myalgia Platelgt dysfunction . R . K
Anemia adults, it can also occur in children. This
Infections diti is f 1 di d
Bleeding condition is frequently undiagnosed, par-
ticularly in the pediatric population, so

Figure 2. Signs and symptoms of refeeding syndrome [30]

becoming familiar with the pathophysiol-
ogy, clinical manifestations, and treatment

Table 2. ASPEN consensus recommendations for avoidance and treatment of RFS in at-risk pediatric patients [9]

Aspect of Care

Recommendations

Initiation of nutrition

- Initiate nutrition at a maximum of 40-50% goal, but usually starting the glucose infusion rate around 4-6 mg/kg/
min and advancing by 1-2 mg/kg/min daily as blood glucose levels allow until you reach a max of 14-18 mg/kg/
min. This includes enteral as well as parenteral glucose.

- Calories from IV dextrose solutions and medications being infused in dextrose should be considered in the limits
above and/or initiated with caution in patients at moderate to severe risk for RFS. If the patient is already receiving
IV dextrose for several days and/or medications in dextrose and has been asymptomatic with stable electrolytes,
calories from nutrition may be reintroduced at a higher amount than recommended above.

Fluid restriction

No recommendation

Sodium restriction

No recommendation

Protein restriction

No recommendation

Electrolytes

- Check serum potassium, magnesium, and phosphorus before initiation of nutrition.

- Monitor every 12 hours for the first three days in high-risk patients. May be more frequent based on clinical picture.

- Replete low electrolytes based on established standards of care.

- No recommendation can be made for whether prophylactic dosing of electrolytes should be given if prefeeding
levels are normal.

- If electrolytes become difficult to correct or drop precipitously during the initiation of nutrition, decrease calories/
grams of dextrose by 50% and advance the dextrose/calories by approximately 33% of goal every 1-2 days
based on clinical presentation. Recommendations may be changed based on practitioner judgment and clinical
presentation, and cessation of nutrition support may be considered when electrolyte levels are severely and/or life-
threateningly low or dropping precipitously.

Thiamin and
multivitamins

- Thiamin 2 mg/kg to a max of 100-200 mg/d before feeding commences or before initiating IV fluids containing
dextrose in high-risk patients.

- Continue thiamin supplementation for 5-7 days or longer in patients with severe starvation, chronic alcoholism, or
other high risk for deficiency and/or signs of thiamin deficiency.

- Routine thiamin levels are unlikely to be of value.

- Multivitamin injectable is added to parenteral nutrition daily, unless contraindicated, as long as parenteral nutrition
is continued. For patients receiving oral/enteral nourishment, add complete oral/enteral multivitamin once daily for
10 days or greater based on clinical status and mode of therapy.

- Once patient is within adult weight ranges, refer to adult multivitamin recommendations

Monitoring and
long-term care

- Recommend vital signs every four hours for the first 24 hours after initiation in those at risk.

- Cardiorespiratory monitoring is recommended for unstable patients or those with severe deficiencies, based on
established standards of care.

- Daily weights with monitored intake and output.

- Estimation of energy requirements as needed for oral feeding patients.

- Evaluate short- and long-term goals for nutrition care daily during the first several days until the patient is deemed
stabilized (e.g., no requirement for electrolyte supplementation for two days) and then based on institutional
standards of care.

ASPEN - American Society for Parenteral and Enteral Nutrition; IV - intravenous; RFS - refeeding syndrome
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models will help clinicians avoid unnecessary life-threat-
ening conditions. New sets of criteria, like those suggested
by ASPEN, may be able to predict RES in children. High-
quality scientific evidence regarding the clinical syndrome
is absent, so we need further research in all areas related
to RFS, from validation to better identification of risk fac-
tors, definitions of RFS, and standardization of treatment
protocols. Even though ASPEN’s recommendations have
been provided, their most significant shortcomings are
that they are based on consensus and must be examined
in randomized controlled trials in general and specific
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UaeHTUdUKauuMja U npeBeHLMja CUHAPOMA AOXpaHe Yy NeAunjaTPUjCKOoj jeAMHULM

WHTEH3UBHOT Jieveba

Mapwuja CreBuh'?, AHa Bnajkosuh-lBaHosnh?, MeaHa Metpos-bojuunh'? HuHa Puctuh'?, VisaHa byguh3*,

BecHa MapjaHosuh#, Oywuya Cumnh'2

'YHuep3uteT y beorpagy, MeguumHckn dakynter, beorpag, Cpbuja;

YHuBep3uTeTCcKa Aevja knuHuka, beorpag, Cpbuja;
3YHuBep3uTeT y Huwy, MegnumHckm dakyntet, Huw, Cpbuja;

*KnuHnyky LeHTap Huw, KnnHyka 3a aHectesunonorujy n nHteHsnsHy Tepanujy, Haw, Cpbuja

CAXETAK

CHAPOM BOXPaHe je OnvcaH y INTepaTypy Kao criektap meTa-
60NNUKMX N eneKTPoNUTHYX nopemehaja Koju HacTajy Kao no-
Cnepyua 3anoymntbatba UCXpaHe Koj NoTXpakbeHor naLyjeHTa.
He noctoju yHrBep3anHo nprixsaheHa AedrHuLmja, @ noaaLm o
VHLMAEHLY Cy XeTeporeHu. Y Hajsehem 6pojy cryuajeBa KinHY-
yapu he cy6jeKTMBHOM NPOLIEHOM NAEHTUGUKOBATY CUHAPOM
AOXpaHe, a MHOTU ayTopy Cy Y CTyAWjaMa pa3Buimn CONcTBeHe
KpuTepujyme 3a nocTaB/bake anjarHose. Kopuctehn 6asy no-
JaTtaka PubMed v ogroBapajyhe duntepe (nojMmoBu noBe3aHu
ca CYIHBPOMOM JiOXpaHe: CUHAPOM AOXPaHe, neanjatpuja, AeLia,
HYTPUTMBHA NOAPLLKA, HYTPUTVBHA MPOLIEHA, HEYXParbeHOCT),
npeTpaxunm cmo nybnvkosaHy nutepatypy. lpenopyke Ame-
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PYYKOr APYLITBA 3a MapeHTepasHy 1 eHTepasnHy ncxpaHy 13
2020. roguHe cy jearHe npenopyke Koje omoryhaBsajy naeH-
TrdrKaumjy AeLie ca CUHAPOMOM JJOXPaHe N feLie Koja cy y
pu3nKy. HegocTajy BUCOKOKBaNMUTETHY HayYHU JOKa3M O OBOM
K/IMHWYKOM CMHAPOMY, LUTO yKa3yje Ha moTpeby 3a Aarbyim nc-
TpaxunBarbyma y 061acti cMHapoMa fLoXpaHe, o4 Banuaauuje
[0 60sbe naeHTUGMKaLMje dakTopa pUsNnKa, fedpuHULIMje CUH-
ApOMa AoXpaHe 1 CTaHAapAM3aLmje NPOTOKOa 3a leYetbe OBUX
nauujeHata. 3a caga KNMMHUYapy Mopajy Aa OCTaHy Ha onpesy
Kako 61 3alTUTUIM NayujeHTe o moryhux pasapajyhux no-
cnepula CHAPOMa AOXPaHe.

KibyuHe peun: ciiapom AoxpaHe; fAeLla; HyTPUTMBHA NOAPLLKa;
HYTPWTVBHA NPOLIEHa; HeyXpateHOCT

www.srpskiarhiv.rs
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IIpe mogHOmeEema pyKkonuca YpegHUIITBY YaCOMNM-
ca ,CpIcku apxuB 3a IeTOKYIHO NeKapcTBo“ (CA)
cBU ayTOpH Tpeba Ka MpounTajy YIyTCTBO 3a ayTope
(Instructions for Authors), rae he mponahu cBe norpe6ne
uHdopMalyje 0 MUCaBy Y NPUIPEMU pajfa y CKIagy
ca cTaHflapanMa yaconuca. Beoma je BaykHo fa ayTo-
pu npunpeMe paj npemMa gaTUM IPONO3NNjaMa, jep
YKO/IMKO PYKOIIUC He Oyfe ycKIal)eH ¢ oBUM 3aXxTeBUMa,
Ypenuumrso he oIoKuTy Wiu ox6MTH HeroBo My6nu-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapury.
3a wraHke koju he ce o6jaBurn y CA, caMoM HOHYOM
papga CprckoM apXmnBYy CBU ayTOPM pajia peHoce CBoja
ayTopcKa IpaBa Ha u3fgaBaya yacomnmuca — Cprcko me-
KapcKo PYHITBO.

OIIIITA YIIVTCTBA. CA 06jaB/byje pasoBe Koju ;0
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTH VTN JeIOM, HUTH
npuxBaheny 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM ¥ CPIICKOM je3uKy. 360r 607be JOCTYITHOCTH
u Behe IMTHPaHOCTM Iperiopydyje ce ayTopuMa Ja pa-
IIoBe CBUX OO/MNMKa Ipefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBpyjy cnepehe kaTeropuje pajosa: yBOGHUIY,
OPWIVHATHM PafIOBY, TIPETXOIHA U KpaTKa CaolIITemka,
IpuKasy 60NeCHUKaA U CTy4ajeBa, BU/e0-YIaHIMN, CTIMKe
U3 KIMHIYKe MeIUIIHE, TIPeTIeTHN PajJoBH, aKTyeTHe
TeMe, PaJioBY 3a IPAKCY, PafioBM 13 MICTOPHje MeAVIIHE
U jesnKa MefUIVHe, MEeIVNIIMHCKe eTUKe, PeryTaTOPHUX
CTaHfapfa y MeIVMIMHY, M3BEIITaji ca KOHTpeca U Ha-
YYHMX CKYTIOBA, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
PY, IMCMa YPEHNKY, IPUKa3yU KIbUTa, CTPYIHE BECTH,
In memoriam v gpyru npunosu. OpuUrnHaIHA PafoBMU,
IpeTXOfIHA 1 KPaTKa CaoMIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUICO-4IAHIIN, CTIMKe U3 KIIVHIIKe MeUIVIHE,
IperefHN PaloBM M aKTyeTHe TeMe, TyOnmKyjy ce mc-
K/bY4MBO Ha EHITIECKOM je3UKY, @ OCTase BPCTe pajoBa ce
MOTY yOIIMKOBATH M Ha CPIICKOM je3VKY CaMo 10 Oy IH
Ypepunmrsa. PaoBu ce yBek J0CTaB/bajy ca caKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3UKy (y CKJIOIY CaMoT PyKo-
mica). TekcT pafia KynaTu y mporpamy 3a o6pajry TeKcTa
Word, boutom Times New Roman v BeTUIMHOM C/I0Ba
12 Tavaka (12 pt). CBe yeTupu MapryHe HOfeCUTH Ha 25
mm, BeMIYMHY CTpaHNIle Ha GopMat A4, a TEKCT KYL[aTh ¢
TBOCTPYKMM IIPOPENIOM, JIEBVM ITOPaBHAEM U YB/Ia4eHheM
cBaKor macyca 3a 10 mm, 6e3 ferpera peun (xudeHanyje).
He xopuctuty TabynaTope u y3acTOIlHe IIpasHe Kapak-
Tepe (cIiejcoBe) pajy IOpaBHamba TEKCTa, Beh anaTke 3a
KOHTpOJTy HOpaBHama Ha nemupy u Toolbars. 3a mpemasax
Ha HOBY CTpaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haxa
MHTEPIYHKIMje CTABUTY CaMo jeflaH IpasaH Kapakrep.
AKO ce y TEeKCTY KOPUCTe CIlelMjanHy 3Hauu (CuMO0mn),
kopuctuty pout Symbol. Ilogany o xopuurheHoj mure-
paTypy y TeKCTy O3Ha4yaBajy ce aparckuM 6pojeBrma y
yIJIacTMM 3arpafiama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce 1ojaBIbyjy y TeKcTy. CTpaHMIle HyMepIUCaTU pefoM Y
JIOEEM JIECHOM YTy, TI0YeB Off HaC/IOBHE CTpaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTH je3andKor craugapna American English u xopuct-

TV KpaTKe I jacHe pedeHnIle. 3a HasvBe 1eKoBa KOPUCTUTU
MCK/bYYUBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpuMyKyM HasMBMMA, a UM U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTu 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunry (amp. Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKonMKO je paj eo MarucTapcke Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, Win je ypaheH y OKBUpy Hay4HOT Ipoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenn Ha kpajy
Tekcra. Takobe, yKONMKO je paj IpeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHI9aH Ha3/B CKY-
Ia, MeCTO U BpeMe Ofip>KaBamba, /ja 1M je pajj 1 Kako my6-
JIMKOBaH (HIP. MICTY VU APYTadMjy HACTIOB U/IM CaXKETaK).

KIMHNYKA NCTPAKMBAIbA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao UCTpaXk1Bama yTHUIaja jef-
HOT MJ/IM BUILE CPeJICTaBa M/IM Mepa Ha UCXOJ, 37paBba.
Perncrapcku 6poj MCTpakuBarmba ce HaBOAM Y TIOCTIeAEM
pemy caxkeTka.

ETNYKA CATTTACHOCT. Pyxonucy o NCTpaXBamu-
Ma Ha JbyiuMa Tpeba fla cafipske M3jaBy y BUAY IMMCAHOT
IPUCTaHKa UCTIUTUBAHUX 0c06a y CKTafy ¢ XelCHHIIKOM
TeKmapanujoM 1 ofo6pembe Ha/IeXKHOT eTIIKOT 0f6opa
7la ce MCTPpaXMBambe MOXKe M3BECTH 1 1A je OHO Y CKIIafy C
IpaBHMM CTaHAapAuMa. ExcriepiMeHnTamHa uCTpaXknBarma
Ha XyMaHOM MaTepujamy U CIIUTYBaba BpIIIeHa Ha XIBO-
THbaMa Tpeba fia cafipyke U3jaBy eTUYKOT 0f60pa yCTaHO-
Be 11 Tpeba fla Cy Y carlaCHOCTH C TPaBHUM CTaHAApAyMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomuc ce npu-
JIaXKe IIOTIMCaHa U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu M3jallllbaBajy 0 CBaKOM Moryhem
CyKoOy MHTepeca UM HBeroBOM OfICYCTBY. 3a HOfaTHe
MHpOpMaInMje 0 Pa3TMINTUM BpCcTaMa Cykoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYKerma
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) o Ha-
3uBOM ,,IlonuTuka usjase o cykoby unTepeca

AYTOPCTBO. Cse ocobe Koje cy HaBefieHe Kao ayTOpU
pana Tpeba fia ce kBamudukyjy 3a ayropctBo. CBaku ay-
TOp Tpeba [ia je yIecTBOBAO JOBOJLHO Y Pafly Ha PYKOIUCY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 32 IIe/OKYTIaH
TEKCT U pe3y/TaTe USHeCeHe y pajly. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JONIPMHOCY KOHIIEIIIM)U paja, Ko-
Oujamy pesynaTaTa MIN aHANIM3U U TyMadewy pesynTaTa;
IJIAaHMParby PYKOIIMCA V/IY Fer0BOj KPUTUYKOj pEBUSUjU
Ol 3HATHOT MHTENEKTya/THOT 3Ha4aja; 3aBPLUIHOM JOTEPH-
Barby Bepsyje PYKOIMCa KOjy ce IPUIIPeMa 3a ITaMIlarbe.

AyTopu Tpeba fa IpumoKe OIMC JOIPUHOCA MOjeMHATHO
3a CBAaKOT KoayTopa y OKBUpY obpacuia Submission Letter.
DuHaHCHpame, CAaKyI/balbe NofjaTaKa MIN FeHePaTHO
HafI7eflarbe MICTPaKMBayKe IPyIie CaMi 1o cebu He MOTy
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oIpaBfiaTi ayTopcTBO. CBY APYIM KOjU Cy [JOTIPMHENN
u3paju paja, a Koju HIUCY ayTOPM PYKOIUca, Tpebamo
6u na 6yny HaBeleHM y 3aXBaTHUIIM C OIIMCOM HVIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 IMCAHN IPUCTaHAK.

IUTATUJAPU3AM. Op, 1. janyapa 2019. rofune cBu py-
KOIIMCH TIOf{BPTaBajy ce MpOBepM Ha IUIarujapusam/ay-
tortarujapusaM npexo SClndeks Assistant — Cross Check
(iThenticate). PanoBu kop KojuX ce JOKaKe IUTarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKIIMO-
HIICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpannuu pykomnmca
Tpeba HaBecTu crnefehe: HacnoB pasa 6e3 ckpahenna;
TIIPEIIOT KPaTKOT HAac/IoBa pajia, ITyHa IMeHa 1 ITpe3yiMeHa
ayTopa (6e3 TuTyNIa) MHAEKCHpaHa OpojeBYMa; 3BaHNYaH
HAa3MB YCTaHOBA y KOjIMa ayTOPH pajie, MeCTO U pyKaBy
(pemocmenoM Koju ofiroBapa MHAEKCMpaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHNIle HABECTU MMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj Tenedona, pakca u umejn agpecy
ayTopa 3ay>KeHOT 3a KOPECIIOH/IeHIIIjy.

CAJKETAK. Y3 opurnHaaHm pafi, IpeTX0JHO 1 KPaTKO
CaoTIIITelbe, Mperef IMTepaType, MpUKa3s crydaja (6omec-
HIUKa), Paji U3 UCTOpUje MeULIVHE, aKTYeTHy TeMy, paj
3a pyOpUKY jesuK MeJVILIMHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMIM JOKyMEHTa Tpeba IPUIOKUTHI Caxe-
Tak pasia obuma 100-250 peun. 3a opuruHaaHe pafose,
IPeTXOIHO M KPAaTKO CAaoMIITemhe CakeTak Tpebda la mMa
cnenehy crpykrypy: Yeon/Imm paga, Metoze pana, Pe-
3ynTaTH, 3aK/by4aK; CBaKM Off HABEJCHNX CerMeHaTa -
caTy Kao 1oce6aH 1macyc Koju Mounbe GONIOBaHOM PeylL.
Hagectn HajakHUje pesynrare (HyMepUIKe BPETHOCTN)
CTaTUCTIMYKE aHa/M3€e U HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OuTU IMpPEKTHO IOBe3aH ca
pesynTaTMa paja. 3a mpukase 60IeCHNKa CaXKeTak Tpe-
6a ma nma cnenehe genose: YBox (y OC/en»0j pedeHNIN
HaBecTy Imb), [Ipukas 6omecHnka, 3aK/bydak; cerMeHTe
Takobe mucaTu Kao mnocebaH macyc Kojyu No4nme 601mo-
BAaHOM peun. 3a oCTajle TUIIOBE PafoBa ca)keTak HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYN. Vicnon CakeTKa HaBeCTH Of TPU JIO
ImecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
B/bajy pedM U3 HAC/IOBA, a KIbY4He pedr Tpeba fa 6yny
perneBaHTHe VIV ONMNUCHe. Y M360pPy K/bYIHUX pedun KO-
puctutn Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBOJ] HA CPIICKM JE3UK. Ha tpehoj o peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa MMeHa I IIpe3uMeHa ayTopa (6e3 Tury-
J1a) MHAeKCpaHa OpojeBMMa, 3BaHNYaH Ha3WB YCTAaHOBA
y KojuMa ayTopy paje, MecTo 1 fp>xaBy. Ha cnepehoj -
YeTBPTOj IO Pefly — CTPAHUIM JOKYMEHTA IIPYIJIOKUTY
caxerak (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 T0
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe uTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuu UM CUH-

TarMe 3a Koje IoCToju ofrosapajyhe ume y HaleM jesuky
3aMEHUTHU TUM Ha3MBOM. YKONIMKO je paj] y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHUIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMA,
LeJIOKYTIHM TeKCT Y IbJIMa 1 JIETEH/TY Ha eHITIECKU je3UK.

CTPYKTYPA PAJIA. CBu IOGHAC/IOBY Ce TIMIITY BENMKUM
MacHMM coByMa (607y). OpUTMHAIHY paji U IPETXOTHO
U KpaTKo caollTee 06aBe3Ho Tpeba ga uMajy cnenehe
nopHacnose: YBox (Lnsb pafia HaBeCTH Kao MOCTIEbY Ia-
cyc YBopa), Metone papa, Pesynraru, [Iuckycuja, 3akmy-
vak, /Iuteparypa. IIpernen mureparype u akTyenHy TeMmy
41He: YBOJI, OfiroBapajyhm nmogHacnosy, 3akbydax, JIn-
Teparypa. [IpporMeHOBaHN ayTOp IPerIefHOT pajia MOpa
Ia HaBefie Oap IeT ayTouuTara (Kao ayTop UIm KoayTop)
panoBa My0IMKOBaHMX Y YacOMICKMa ¢ pelieH3njoM. Ko-
ayTopM, YKOIMKO UX MIMa, MOPajy /ia HaBeny 6ap jeman
ayTOIIMTAT pajjoBa TaKohe My6IMKOBaHMX Y YaCOIMCUMA C
penensujom. IIprkas cmydaja wav 60oecHKa YnHe: YBOJ,
(Llwp papa HaBeCTU Kao MOCTIeN by Iacyc YBoza), IIpukas
6omnecHrka, [lnckycuja, Jluteparypa. He Tpe6a kopuctutu
uMeHa 60JIeCHYIKa, MHMIMjajle, HUTK OpojeBe uctopuja 60-
JIeCTH, HapO4MTO Y WIycTpanyjaMa. [Iprkasu 6omecHnka
He CMejy MMaTy BUIIE Off TIeT ayTopa.

ITpunore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTU Ha
Kpaj PYKOIINCa, @ Y CAMOM Tey TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfTHOCK Ha fiaTu Ipuior. Kpajia mosuiuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a ny6-
NUKOBame.

CKPAREHMIE. KoprctuTu camMo Kajia je HEOIXOIHO,
U TO 32 BeOMa JIyrayKe Ha3VBe XeMUjCKUX jeUEberba, Off-
HOCHO HasuBe Koju Cy Kao ckpahenurie Beh mpemosHat/pu-
Bu (crangappHe ckpahenure, xao Hnp. [JHK, cuna, XVB,
ATTI). 3a cBaky cKkpaheHMIly IyH TepMUH Tpeba HaBeCTH
PV IPBOM HaBODemY Y TEKCTY, CeM aKo HMje CTaHapfHa
jemmamIa Mepe. He kopuctutn ckpahenniie y Hacnosy.
V36eraBatyt kopuirhemwe ckpaheHnna y caxxeTky, amy ako
CY HEOIIXOfIHe, CBaKy cKpaheHmIly 06jacHITY Ipy TPBOM
HaBoDemy y TeKCTy.

JEOVIMATHU BPOJEBIL. V TeKcTy pafa Ha €HITIECKOM
jesuky, y Tabenama, Ha TpadMKOHMMA ¥ IPYTUM TIPUTIO-
3MMa JelMaHe OpojeBe MUcaTy ca TaykoM (Hmp. 12.5
* 3.8), a y TeKCTYy Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3a0Kpy>XuTu Ha
jenHy genyMary.

JEOVUHWIE MEPA. [ly>xuHy, BUCUHY, TeXKMHY U 3a1pe-
MVHY U3paKaBaTV y MeTPUYKIM jeAVHMIIaMa (MeTap — 11,
kuorpam (rpam) — kg (g), miarap — ) Wy BUXOBUM JeJo-
BuMa. Temmeparypy uspaxasaru y cterrennMa Iensujyca
(°C), xomuuHy cyncraHie y Monuma (mol), a mpurucax
KpBM y MUIMMeTpPUMa XUBKHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KITMHIIKNX ¥ OMOXeMMjCKIX
Meperba HaBOLUTHU Y MeTPUUIKOM CHCTeMy npema Meby-
HapofHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. IJenokynHu pyKonmuc pajia KOju YnHe
— HAaC/TIOBHA CTPaHa, CayKeTakK, TeKCT Pajia, CIMCaK JINTepa-
Type, CBY IIPU/IO3M, OFHOCHO MOTIINCH 3a FUX U JIETeH/Ia
(Taberne, cnuke, rpaMKOHM, CXeMe, LIPTEX), HACTOBHA
CTpaHa I Ca)keTaK Ha CPIICKOM je3MKy — MOPa M3HOCHUTH
33 OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Ipe-
rnen mureparype fo 5000 peun, a 3a IPETXOZHO U KPATKO
CAOIIIITEeE, TIPUKa3 60/IECHNKA, aKTYeITHY TeMY, Paji 3a
IPaKCy, efyKaTVBHY YWIAHAK ¥ pafl 32 PyOpUKY ,,]e3MK Me-
myyHe 1o 3000 pedn; pafloBU 3a OCTajie pyOpuKe MOry
yMary Hajsuue 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6utn y popma-
Ty avi, mp4(flv). Y npBom kanpy ¢umma Mopa ce HaBeCTH:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO 1eKapCTBO,
HACTIOB pajia, Ipe3yMeHa U MHUIIVjaIy IMEHa U CPeiber
CI0Ba CBMX ayTopa paja (He ¢puaMa), roguHa uspage. Y
IPYTOM Kafpy MOpa OMTH YCHUMI/bEH TeKCT pajia y BULY
arcrpakTa jio 350 peun. Y nocnenmeM Kaapy Gpuama Mory
ce HaBeCTM MMeHa TeXHIIKOT 0cob7ba (pexija, CHIMaTerb,
CBET/I0, TOH, PpoTorpaduja u ci1.). Y3 Buaeo-pagose foc-
TaBUTH: TOCEOHO TEKCT y BUAY arncTpakTa (o 350 peun),
jemny ¢ororpadujy Kao miaycrpanujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofipudy ay-
TOPCKVX TIpaBa y KOPUCT ayTopa pajia.

ITPVIJIO3M PAZTY cy ta6erne, cuke (¢potorpaduje, up-
TEXU, CXeMe, IpadUKOHM) Y BUEO-IPIUTIO3NL.

CeBaka Tabena Tpeba fa O6yme cama 1o ceb6u 1ako pas-
ympuBa. Hacnos Tpeba oTkynary usHap Tabene, a
objamrmema ucroy we. Tabenre ce 03HaUaBajy apancKuM
6pojeBnMa mpema pefocneqy HaBobhema y Texcry. Ta-
6erne pTaTH UCK/BYUNBO y Iporpamy Word, Kpo3 MeHI
Table-Insert-Table, y3 nedunucarme TagHOT OpOja KOIOHA
U perioBa Koju he 4nHNTH MpeXy Taberne. [lecHUM KIMKOM
Ha Muy — nomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHoCcHO fennty hemuje. Kynatu ponrom Times
New Roman, BenmuumnHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
npopenoM i 6e3 yBnaderwa Tekcra. Kopumrhene ckpahe-
Hulle y Tabemu Tpeba 06jacHITH y JIeTeHAM UCIIOf, Tabe-
71e. YKOJIMKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUIOXKUTU
HasuBe Tabesa U leTeHAy Ha o6a jesuka. Takobe, y jenny
Tabery, y okBUpy ucTe henmje, yHeTH 11 TEKCT Ha CPIICKOM
U TEKCT Ha €HITIECKOM je3UKy (HMKaKO He IIPaBUTH JiBe
Tabese ca iBa je3ukal).

Ciuke cy cBy 00/myLy rpaUuKmx IPUIOTa U Kao ,,CIMKe
y CA ce 06jaBmyjy dpororpaduje, npresxu, cxeMe u rpadu-
koHM. CIiKe 03HaYaBajy ce apalckuM 6pojeBuMa ImpeMa
penocneny HaBobemwa y TekcTy. IIpuMajy ce nck/byunBo
pururanHe ¢pororpaduje (pHO-6eme mm y 60ju) peso-
nyuuje Hajmame 300 dpi n popmara sanuca tiff unm jpg
(mare, MyTHe M CTIMKe JIOLIeT KBanuTeTa Hehe ce mpuxBa-
TaTH 3a mMTaMmame!). YKOIMKo ayTopy He OCeRyjy nim
Hycy y MoryhHocTH fia focTaBe gurutanse ¢pororpaduje,
OHJIa OPUTVHAJTHE C/TUKe Tpeba CKeHUPATH Y Pe3omyIyju
300 dpi v y OpUTMHATHO]j BeTMYMHN. YKOIIVKO je paji Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6mutu
006jaB/beHO HEKOMMKO, a ocTasie he 6utu y e-Bep3uju wiaH-

Ka kao PowerPoint mpe3eHTanyja (cBaka cMka MOpa OUTH
HyMepJCaHa J IMaTH JIETeH ).

Bupneo-npunosu (mnycrpauuje paja) Mory Tpajatu 1-3
MMHyTa 1 6utn y popmaty avi, mp4(flv). ¥3 Bugeo moc-
TaBUTY ITOCeOHO CIUKY Koja 611 6uta mirycTpariyja Buyeo-
IpyKasa y e-M3amy 1 06jaB/beHa y IITaMIIaHOM U3JIabYy.
YKOnuKO je pyKOINC Ha CPIICKOM je3UKY, IIPMTIOKUTH Ha-
3UBe C/IMKa J JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecI MOTY IIITaMITaTy y 60ju, anmu fofiaTHe
TPOILIKOBE IITaMIle CHOCE ay TOPH.

Ipadukonu tpeba na 6yny ypahennu u jocrasbeHu y Ipo-
rpamy Excel, na 6u ce Bupierne mpatehe BpeHOCTHI pacIo-
pebene o henujama. Vicre rpaduxone npekonupaTu u y
Word-oB okyMeHT, e ce rpadMKOHN O3HaYaBajy apal-
cknM 6pojeBrMa IpemMa pefociefy HaBohemwa y TEKCTY.
Csu nopany Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopnmthene ckpahennie Ha rpa¢pukony tpeba
06jacHNTH Yy JIeTeH UCTION rpaduKoHa. Y MTaMIIaHoOj
Bep3Mju YWIaHKa BepoBaTHIje je fa rpadukoH Hehe 6uTn
IHITaMIIaH y 60ji1, Te je 6ojbe u3beraBaryu Kopuinhemwe 60ja
y TpadpMKOHMMA, NIV VX KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOJIKO je PyKOINC Ha CPIICKOM je3MKY, TPUIOKUTI
Ha3uBe rpaduKoHa VI JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce foCTaBIbajy y jpg wu tiff opma-
Ty. Cxeme ce mory upraru u y nporpamy CorelDraw ummn
Adobe Illustrator (mporpamu 3a paj ca BeKTOpUMa, KpyBa-
Ma). CBU IOfaLiyt Ha CXeMM Ky1iajy ce y outy Times New
Roman, Bemanna cnosa 10 pt. Kopuihene ckpahennre
Ha cxeMy Tpeba 06jaCHUTH y JTeTeH/M NCIIOf, CXeMe. YKO-
JIVKO je PYKOIIIC Ha CPIICKOM je31KY, IIPUIOXKIUTI Ha3uBe
cxeMa I JIereHAly Ha 00a je3uka.

3AXBAJTHUIIA. HaBecTu cBe capajiHVKe KOji Cy IOIpPH-
HeJNM CTBapamy pajia a He MCIYbaBajy Mepiiia 3a ayTop-
CTBO, Kao0 LITO €y 0cobe Koje 06e36ehyjy TexHUUKY 1o-
Moh, ToMOh y Imcamy pajia MM PyKoBOJie Ofie/berbeM Koje
o6e36ebhyje ommury moppuky. uHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEH M)A, TTOK/IOHA,
olpeMe, IeKOBa U IpyTo, Tpebda Takobe fa Oyae HaBemeHa.

JIMTEPATYPA. Cnucax pedepeHIy je ORTOBOPHOCT ay-
TOpa, a HUTUPAHY WIAaHIM Tpeba fja Oyy TaKko MpUCTy-
MavHM YnTaonyMa yaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj WwiaHKa (jenMHCTBEHY
HIICKY KapakTepa Koja My je gomerbeHa) 1 PMID 6poj yko-
JIMKO je WIaHaK MHAeKcupaH y 6asy PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM aparnckum 6pojeBrmMa
IpeMa pefocelly HaBohema y TekcTy. bpoj pedepeHnru
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mmperieny -
TepaType, y KojeM je 103BO/beHO fa ux Oyzme fo 50, uy
MeTaaHajusM, Ie UX je fo3BobeHo fo 100. bpoj nuTn-
PaHMX OPUTMHATHUX pafoBa Mopa 6Ty HajMame 80%
oJI yKyIIHOT 6poja pedepeHIu, 0fHOCHO 6poj uuTupa-
HUX KIbUTA, [IOI/IaB/ba y KIbMTaMa ¥ IIpereHMX YIaHaKa
Mamy off 20%. Ykonuko ce fomahe MoHorpadcke my6mm-



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

Kallyje ¥ WIAHIY MOTY YBPCTUTH Y pedepeHLIie, ayTopu
Cy AY>KHM fa ux untupajy. Behnua nurupannx naydunx
YlaHakKa He 61 Tpebano fa 6yne ctapuja of IeT rofu-
Ha. Huje 03BO/beHO IVTHpabe ancTpakaTa. YKOIMKO je
OUTHO KOMEHTAPUCATH pesy/Tare KOji Cy MyO/IMKOBaHN
CaMo y BIJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy paja. Pedepeniie wianaka Koju cy npuxsahenn
3a LITaMIIY, a1 jOILI HICY 06jaB/beHN, Tpeba 03HAYUTI
ca in press ¥ IPUIOKUTI JOKA3 O IIPUXBaTarby pajia 3a
o0jaB/buBatbe.

Pedepente ce nutnpajy nmpema Bankysepckom ctumy
(yHudopMmcaHNM 3aXTeBMMa 3a PYKOIIVICE KOjI ce Ipe-
Hajy 6MoMemVIIIMHCKUM YacOIMCUMa), KOjU je YCIIOCTaBMO
MebhyHapogHy KOMIUTET ypeJHIMKa MeANIIMHCKUX Jaco-
muca (http://www.icmje.org), unju dopmat kopucte U.S.
National Library of Medicine n 6a3e Hay4yHuUX my6nuKa-
nyja. [Tpumepe HaBohema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpaduja, eleKTPOHCKOT, Heo0jaB/beHoT I
Ipyror 06jaB/beHOT MaTepujaia) MOry ce mpoHahu Ha MH-
TepHeT-cTpaHuuu http://www.nlm.nih.gov/bsd/uniform_
requirements.html. IIpunukoM HaBobemwa nmureparype
BeoMa je BayKHO IIPUAP)KaBaTU ce IOMEHYTOT CTaHAaP/a,
jep je To jemaH Off HajOUTHMjUX PaKTOpa 3a MHIEKCUPabe
IPUIVKOM KTacuyKaIije HayYHIX 4acOMca.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
pyKorc 06aBesHO IPUIOXKIUTHU 06pasary Koju Cy MOTIIN-
CaJIy CBU ayTOPH, a KOju Caip>ku: 1) usjaBy #a paj mper-
XOJIHO HUje My6IMKOBaH U Jja HUje UCTOBPEMEHO MOfHET
3a 00jaB/bMBaIbe Y HEKOM JIPYIOM YacoIINCY, 2) U3jaBy ja
CY PYKOIIIC IIPOYUTAIIY ¥ OFOOPIIN CBU ay TOPY KOjU UC-
IyHaBajy MepuiIa ayTopCTBa, M 3) KOHTAKT MOJJATKe CBUX
ayropay pany (agpece, uMejn agpece, TenedoHe UTH.).
brmanko obpasary Tpeba mpeyseT ca MHTepHET-CTPaHNUIle
vacomnuca (http://www.srpskiarhiv.rs).

Taxobe je morpe6HO HOCTaBUTH KONMje CBUX HO3BOTIA
3a: peIpoAyKoBame MPeTXOfHO 06jaB/beHOT MaTepljaa,
ynorpeby mryctpanuja u o6jaBbuBarme nHbopManyja o
HO3HATIM JbYAMMA VI IMEHOBabe /by KOjU CY JOIIPH-
HeJIM M3pafiu paja.

YTAHAPUHA, IIPETIIVTIATA I HAKHAJIA 3A OB-
PALY YITAHKA. [la 6u pap 610 06jaB/beH y yacomucy
Cpiicku apxue 3a 1en0KyilHo 71eKapcitiéo, CBU ayTOPU KOju
Ccy nexapu wm cromatonosu 3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT IeKapCKOT PYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHa[y 3a o6pany
unaHaka (Article Processing Charge) y usnocy og, 3000 au-
Hapa. AyTOpu ¥ KOayTOpM U3 MHOCTPAHCTBA Cy Y 06aBesn
fla IIaTe HaKHaay 3a o6pany wiaHaka (Article Processing
Charge) y usHocy on 35 eBpa. YIiara y jefiHoj KayeHaap-
CKoj TopuHM 00yXBaTa M CBe HApE/IHe, eBeHTYaTHe YIaHKe,
IoCyIaTe Ha pasMaTpame y Toj rogyHu. CBI ayTopy Koju

IIaTe OBY HAKHA/[y MOTY, YKOJMKO TO JKeJle, Ia TPUMajy
MITaMIIaHO U3Jame Jacomuca. Tpeba HAIIOMEeHYTH Jja
OBa yIUIaTa Huje rapannuja fa he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenoKyiiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pajly YWIaHKa He OTHOCH
ce Ha CTyfIeHTe OCHOBHUX CTY/Vja J1 Ha IIPETIIaTHNKE Ha
Jacoruc.

YcraHoBe (IpaBHa MHUIIa) He MOTY ITPEKO CBOje IMpeTIUIaTe
Jla VICITyHe 0Baj /0B ayTopa (($13ndKor muia). Y3 pyko-
mnc paga Tpeba JOCTaBUTH KOIMje YIIATHMIIA 32 YWIaHa-
PMHY U IIpeTIVIaTy / HaKHa/y 3a 00pajy YWIaHKa, Kao JoKa3
0 yIUIaTaMa, yKOJIMKO M3fiaBad HeMa eBUIEHL)Y O TOMe.
Yacomuc npuxBsara fjoHalyje Of CIIOH30pa KOji CHOCE [Ie0
TPOLIKOBA W/IJ TPOIIKOBE y LIJIMHU OHUX ayTopa Koju
HICY y MOryhHOCTH Ja M3Mype HaKHaAy 3a 00pajy WiaHKa
(y TakBMM C/Ty4ajeBuMa HOTPEOHO je YaCONUCy CTaBUTH
Ha YBUJ, OIIPaBJaHOCT TAKBOT CIIOH30PCTBA).

CJTAILE PYKOIIMCA. Pykomuc pajia ¥ CBM IIPUJIO3N Y3
Paj fOCTaB/bajy ce MCK/bYYMBO eIeKTPOHCKY IIPEKO CHCTe-
Ma 3a [IpMjaB/bMBalbe Ha MHTEPHET-CTPAHMIIN JaCcOIINCa:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ucniymaBsa yc/l0Be OBOT YIIYT-
cTBa He MOXKe 6utu ynyheH Ha penensujy u 6uhe Bpahen
ayTopMMa Jia ra IomyHe 1 ucnpase. [IprpxaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuTu Bpeme
Ie/IOKYITHOT TIpoIieca 10 06jaB/biBaba pajia y qacolncy,
mTo he MO3NTMBHO yTULIATH Ha KBAIMTET WIaHAKa U pe-
JIOBHOCT M3/Ta’Kerba JacoIlnca.

3a cBe momaTHe MHpOPMaIVje, MOTIMO Jia ce obpaTuTe
Ha JloJie HaBefieHe afipece 1 6poj TenedoHa.

AJIPECA:

CpIIcKo eKapcKo APYIITBO

Ypeauumrpo yaconyca ,,CpIcKu apXus 3a IeTOKYITHO
eKapcTBO
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11000 beorpap

Cpbuja
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all the
necessary information on writing their manuscript in
accordance with the journal’s standards. It is essential
that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives
of Medicine provides no fee for published articles. By
submitting a paper for publishing consideration, au-
thors of a paper accepted for publication in the Serbian
Archives of Medicine grant and assign all copyrights to
the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine
publishes papers that have not been, either in their entirety
or partially, previously published, and that have not been
accepted for publication elsewhere. Serbian Archives of
Medicine publishes papers in English and Serbian. For
better availability and citation, authors are encouraged
to submit articles of all types in English. The journal
publishes the following article types: editorials, original
papers, preliminary and short communications, case re-
ports, video-articles, images in clinical medicine, review
articles, current topics, articles for practitioners, history of
medicine articles, language of medicine articles, medical
ethics (clinical ethics, publication ethics) and regulatory
standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries,
letters to the editor, book reviews, professional news,
In memoriam and other articles. Original papers, case
reports, preliminary and short communications, review
articles, current topics, video-articles and images in clini-
cal medicine are published in English only, while other
article types may be published in Serbian if the Editorial
Office reaches such decision.

The papers are always submitted with Summary in both
English and Serbian, included in the manuscript file. The
text of the manuscript should be typed in MS Word using
the Times New Roman typeface, and font size 12 pt. The
text should be prepared with margins set to 25 mm and
onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows after any punctuation mark. If special signs (symbols)
are used in the text, use the Symbol font. References cited
in the text are numbered with Arabic numerals within
parenthesis (for example: [1, 2]), in order of appearance
in the text. Pages are numbered consecutively in the right
bottom corner, beginning from the title page.

When writing text in English, linguistic standard Ameri-
can English should be observed. Write short and clear
sentences. Generic names should be exclusively used for

the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., 997Tc,
IL-6, 02, B12, CD8). If something is commonly written in
italics, such as genes (e.g. BRCAL1), it should be written in
this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a
research project, that should be designated in a separate
note at the end of the text. Also, if the article was previously
presented at any scientific meeting, the name, venue and
time of the meeting should be stated, as well as the man-
ner in which the paper had been published (e.g. changed
title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
search related to one or more health related interventions
in order to evaluate the effects on health outcomes. The
trial registration number should be included as the last
line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
cal research should contain a statement that the subjects’
written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional ethics
committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript
must be accompanied by a disclosure statement from all
authors (contained within the Submission Letter) declaring
any potential interest or stating that the authors have no
conflict of interest. For additional information on different
types of conflict of interest, please see World Association of
Medical Editors (WAME, www.wame.org) policy statement
on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revision
of the manuscript being prepared for publication.

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general
supervision of the research group alone cannot justify
authorship. All other individuals having contributed to
the preparation of the article should be mentioned in the
Acknowledgment section, with description of their contri-
bution to the paper, with their written consent.
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PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full
names and family names (no titles), indexed by numbers;
official name, place and country of the institution in which
authors work (in order corresponding to the indexed num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objec-
tive, Methods, Results, Conclusion. Each segment should
be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
and level of significance are to be included. The conclusion
must not be generalized, it needs to point directly to the
results of the study. In case reports, the summary should
consist of the following: Introduction (final sentence is
to state the objective), Case Outline (Outline of Cases),
Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the
summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings — MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of
the manuscript should include: title of the paper in the
Serbian language; each author’s full name and family name
(no titles), indexed by numbers; official name, place and
country of the institution in which authors work. On the
fourth page of the manuscript the summary (100-250
words) and keywords (3-6) should be typed, but this refers
only to papers in which a summary and keywords are com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles and preliminary and short communications should
have the following section headings: Introduction (objective
is to be stated in the final paragraph of the Introduction),
Methods, Results, Discussion, Conclusion, References.
A review article and current topic include: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of a review article should cite
at least five auto-citations (as the author or co-author of
the paper) of papers published in peer-reviewed journals.
Co-authors, if any, should cite at least one auto-citation of
papers also published in peer-reviewed journals. A case
report should consist of: Introduction (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter - 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all
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enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
submitted in the flv video format. The first shot of the
video must contain the following: title of the journal in the
heading (Serbian Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
paper, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography, etc.). Video-articles need to be submitted along
with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
signed by the technical staff renouncing copyrights in favor
of the paper’s authors. To check the required number of
words in the manuscript, please use the menu Tools- Word
Count, or File-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right click
of the mouse, use the options Merge Cells and Split Cells. Use
Times New Roman, font size 12 pt, with single line spacing
and no indent to draw tables. Abbreviations used in tables
should be explained in the legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages
(do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘tigures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-

able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the
legend below the respective graph. In the printed versions of
papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing
technical assistance, assistance in writing the paper or run-
ning the department securing general support. Financial
aid and all other support in the form of sponsorship, grants,
donations of equipment and medications, etc., should be
mentioned too.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, its DOI number and PMID number (if the article
is indexed for MEDLINE/PubMed) should be typed.
References should be numbered in Arabic numerals in order
of citation in the text. The overall number of references should
not exceed 30, except in review articles, where maximum
of 50 is acceptable, and in meta-analysis, where up to 100
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references are allowed. The number of citations of original
articles must be at least 80% of the total number of references,
and the number of citations of books, chapters and literature
reviews less than 20%. If monographs and articles written by
Serbian authors could be included in the reference list, the
authors are obliged to cite them. The majority of the cited
articles should not be older than five years. Use of abstracts
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