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MpBa cTpaHa npeor 6poja Yaconuca Ha CPNCKOM je3nKy

ARCHIVUM SERBICUM

PRO .UNIVERSA SCIENTIA ET ARTE

MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasoBu €wiaHoBa CpIICKOT JIeKapCKOT ApYyIITBa,
MIPETTIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: yBOJHMIIN, OPUTMHAIHY PajioOBY, IPETXOHA U KpaTkKa ca-
OINIITEH:A, IIPUKa3y 6O/IECHNKA U CTy4ajeBa, BUJIe0-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
uCTOpUje MeUIIMHE Y je3VKa MeMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTPeca I HayYHMX CKYNOBa, TNYHA
CTaBOBU, HAPYYEHM KOMEHTAPH, MCMA YPENHNUKY, IPUKa3U KIbUra, CTPyIHe
BeCTU, In memoriam n gpyru npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
1e/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyruM MecTuMa. PajioBy He cMejy fia Oy/y peTXOHO ITaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucneny pykormc Ypehusauku o6op mame perieH3eHTIIMa pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONTyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONIOOM JIa YHece TpaykeHe M3MeHe Y TeKCT pajia U
Jla apryMEeHTOBaHO 0OPas/IOKI CBOje Hec/arame ¢ npuMef6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe paiose ce He ucrahyje XoHopap, a ayTOpcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u mpunosu ce ve Bpahajy. 3a penpopykuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMeHTa pajia My6/mMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJTACHOCT M37laBayva.

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

AyTOpyM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYITHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0fipa3 Mulijberba CpIICKOT leKapcKor ApyiuTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha Y 0C/Iabajy.
CpIIcKo JTeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 L[e/IOKYITHO IEKapCTBO He IPMUXBATajy 611710 KAaKBY OATOBOPHOCT 32
HaBOJie y pajioByuMa. PekmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MemMIIMHCKMM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHI MaTepuja yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIEHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe Ipou3Bohaua.

ITopiHeceHM PYKOIINC IIOIpa3yMeBa fia je HheroBo Iy0mKoBame of1o6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTu IPaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUIO KaKBOT
3axTeBa 3a KoMiensanujy. Tpe6a fia ce HaBey CBM U3BOPM UHAHCHPaAKba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomic CPIICKOT IeKapCKOT

the Journal of the Serbian Medical Society founded in 1872, and with first

issue published in 1874. Serbian Archives of Medicine publishes articles of
the Serbian Medical Society members, subscribers, as well as members of other
associations of medical and related fields. The journal publishes the following
article types: editorials, original papers, preliminary and short communications,
case reports, video-articles, images in clinical medicine, review articles, current
topics, articles for practitioners, history of medicine articles, language of medi-
cine 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.

All manuscripts under consideration in the Serbian Archives of Medicine
may not be offered or be under consideration for publication elsewhere. Articles
must not have been published elsewhere (in part or in full).

The submitted manuscripts are forwarded by the Editorial Board to reviewers
for editing and evaluation. If the reviewers find that the manuscript needs to be
modified or amended, the copy of the report is sent to the author(s), requiring of
them to make necessary modifications or amendments of the text or to provide
argumentative explanation of their disagreement with the suggested reviewer’s
remarks. The final decision on acceptance of the article for publication is made
by the Editor-in-Chief.

The authors shall not be remunerated for the published articles, and they
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-
stract in Serbian and English.

Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
and does not necessarily reflect opinions of the Serbian Medical Society. Because
of rapid advances in the medical sciences, users should independently evaluate
information before using or relying on it. Serbian Medical Society, the Editor
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
material in this publication does not guarantee the quality or value of such
product or claims made by its manufacturer.

Submission of the manuscript implies that its publication has been approved
by the responsible authorities at the institution where the work has been carried
out. The publisher will not be held legally responsible should be any claims
for compensation. Details of all funding sources for the work should be given.
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SUMMARY

Introduction/Objective Convalescent plasma (CP) has been used in the past to treat several infectious
diseases. It was hypothesized that CP could have a positive impact on severely ill patients with COVID-19
infection. The aim of the study was to present the results of CP application in patients with severe acute
respiratory distress syndrome (ARDS) caused by COVID-19 infection.

Methods This is an observational study of critically ill patients who received CP according to the National
Protocol for the Treatment of COVID-19 Infection at the University Clinical Center of Vojvodina in Novi
Sad, Serbia, in 2020. Clinical outcomes were monitored before and after CP administration.

Results A total of 14 patients with severe life-threatening COVID-19 infection were included in the study.
The patients age ranged 53-79 years. Most of them had two or more comorbidities, and more than half
of them had blood type A Rh positive. Prior to CP administration, all patients received antibiotic therapy
for severe pneumonia, corticosteroids, and anticoagulant therapy. Twelve out of 14 patients (85.7%)
required endotracheal intubation and mechanical ventilation of the lungs, while two patients were on
non-invasive mechanical ventilation. CP was administered 2-13 days after the confirmed diagnosis of
COVID-19.The Pa0,/FiO, ratio before CP administration ranged 49.5-78.6. Twelve patients (85.7%) died
during the course of the study.

Conclusion The use of CP in cases of severe ARDS caused by COVID-19 infection does not impact survival
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or lead to other forms of clinical improvement.
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INTRODUCTION

Coronaviruses were identified about 60 years
ago, and since then, there have been three major
epidemics caused by these viruses. The first was
the severe acute respiratory syndrome (SARS)
epidemic in 2003, followed by the Middle East
Respiratory Distress (MERS-CoV) in 2012.
The third and most severe epidemic caused by
coronaviruses is attributed to the severe acute
respiratory syndrome coronavirus-2 (SARS-
CoV-2), a disease known as COVID-19. The
early variants of the COVID-19 virus caused
severe infection in 10-25% of the infected
individuals, primarily leading to pneumonia,
with a certain percentage complicated by acute
respiratory distress syndrome (ARDS) and a
mortality rate of 39-49% [1, 2].

Convalescent plasma (CP) has been used
to treat several severe viral infections such
as SARS, MERS, Ebola, and avian flu [3, 4].
Studies investigating the effect of CP therapy
on these viruses have shown higher survival
rates in patients receiving CP [5, 6, 7]. Based
on this, it was assumed that CP could also be
beneficial for COVID-19 infection. The use

of CP for treating critically ill patients with
severe COVID-19 infection was approved by
the US Food and Drug Administration early
in the pandemic, following the results of ob-
servational studies that demonstrated its safety
and potential to improve outcomes [8, 9]. This
therapy relies on providing neutralizing anti-
bodies against the SARS-CoV-2 spike protein
to patients with active infection [10]. Initially,
the recommendation was to administer CP to
critically ill patients with life-threatening con-
ditions, such as dyspnea, high respiratory rate,
low blood oxygen saturation, and low PaO,/
FiO, ratio [11]. However, later research on CP’s
application in these patients gave conflicting re-
sults, with some studies showing no significant
impact on the disease course.

In our country, CP was recommended dur-
ing the early stages of infection according to
the National Protocol for the Treatment of
COVID-19 Infection. This study presents our
earliest experience with administering CP to pa-
tients with COVID-19. The goal of the study was
to determine if providing CP to patients with
severe ARDS caused by COVID-19 can alter the
disease course, considering that all patients who
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received CP based on the National Protocol were in a severe
ARDS condition.

METHODS

This study was conducted at the Clinic for Anesthesia,
Intensive Care, and Pain Management, University Clinical
Center of Vojvodina in Novi Sad, Serbia, between July 10,
2020, and August 20, 2020. The study included a group of
14 participants with confirmed COVID-19 infection who
received convalescent plasma (CP) treatment.

Plasma donors

The criteria for plasma donors were as follows:

— age between 18 and 60 years

- body weight greater than 60 kg

- absence of comorbidities that are permanent contra-
indications for blood donation

— the donor had a confirmed diagnosis of COVID-19
and/or a positive result for SARS-CoV-2 test (naso-
pharyngeal swab)

- a negative result for SARS-CoV-2 test from the na-
sopharyngeal swab, and at least 14 days had passed
since the resolution of all symptoms.

All donors were provided with information regarding
the purpose of plasma donation, the safety of the procedure,
and the potential occurrence of adverse reactions during
the donation process, along with the methods of prevention
and management. Written consent and agreement for the
mentioned procedure were obtained from all donors. Each
donor underwent a mandatory medical examination, and
all of them had a normal physical examination.

Preparation of plasma

The process of preparing plasma for CP donors involved
several steps and tests to ensure safety and compatibili-
ty. When donors first arrived, blood samples were taken
to determine their ABO and Rh blood groups, and they
underwent screening for irregular anti-erythrocyte anti-
bodies. Serological tests were conducted for human im-
munodeficiency virus (HIV), hepatitis B virus antigen
(HBs), hepatitis C virus (HCV), and syphilis. Additionally,
nucleic acid testing (NAT) was performed for HBV, HCV,
and HIV. Complete blood counts, complete biochemical
analyses, total proteins, albumin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), gamma-glutamyl
transferase (GGT), total bilirubin, cholesterol, triglycerides,
blood glucose, creatinine, urea, serum iron, total IgG con-
centration, and protein electrophoresis were also evaluated.
If the donor had a history of previous transfusions or if the
donor was a female with a history of pregnancies, anti-HLA
antibodies were also checked. During subsequent plasma-
pheresis procedures, samples were taken for serological
tests for HIV, HBs, HCV, syphilis, and NAT. Screening for
irregular anti-erythrocyte antibodies and anti-COVID-19
antibodies was also performed during each session. Every
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two months, complete blood counts and measurements
of total proteins, albumins, and ALT were repeated, with
additional biochemical analyses and protein electrophore-
sis performed as needed. In cases where ALT levels were
elevated, AST and GGT levels were also measured, and
donors were allowed to donate plasma as long as ALT lev-
els did not exceed twice the upper normal limit. Total IgG
concentration was determined every 5 donations. When the
results were in accordance with the procedures for donor
plasmapheresis, plasmapheresis was performed. The plasma
collection process itself was carried out by an apheresis pro-
cedure, plasmapheresis, which implies the exfusion of the
donor’s blood, the separation and retention of a certain
volume of plasma and the reinfusion of cellular components
without compensating the removed volume. The proce-
dure was performed on MSC+ 9000 devices (Haemonetics
Corporation, Boston, Massachusetts, USA), blood compo-
nent separators, using sets that are sterile and intended for
single use, with the use of anticoagulants and preservatives.
The volume of plasma collected from a single donor during
a plasmapheresis procedure was approximately 600 mL,
and the plasmapheresis process took around 40 minutes.
The collected plasma volume could not exceed 16% of the
estimated total blood volume, which was calculated based
on the donor’s sex, height, and body weight or alternatively
as 10 mL/kg of body weight.

Donors could contribute plasma multiple times, and the
usual interval between two procedures was 15 days. The
frequency of plasma donations depended on the concen-
tration of IgG. For IgG concentrations ranging 6-8 g/L,
donations were made every two weeks; for concentrations
8-10 g/L, donations were made weekly, and for concen-
trations above 10 g/L, donations were more frequent, but
with a minimum interval of four days. If IgG concentra-
tion was less than 6 g/L, plasma donation was postponed
for at least three weeks. The number of CP donations was
also assessed by observing the presence of anti-COVID-19
antibodies. When a decrease in serologically detected an-
tibodies was observed, plasma donation was stopped. For
CP donors with no anti-COVID-19 antibodies detected
by serological tests, plasma donation was limited to three
months after the first donation. After collecting the unit
of plasma (600 mL), it was divided into two equal parts
of 300 mL by transferring the plasma into a transfer bag
for plasma, using a sterile connection device. The original
unit of plasma and the transfer bag were issued together.
The storage process for the plasma was the same as for
fresh-frozen plasma, with a storage duration of up to 36
months at a temperature of -25°C or lower. If the plasma
was stored at a temperature between 20°C and 60°C, it
could be stored for a maximum of 48 hours.

Plasma recipients

Each patient was assessed for CP administration based on
a scoring system formulated by the transfusion specialists
at the Clinical Center of Vojvodina, following the National
protocol for the treatment of COVID-19 infection. ABO
blood group compatibility with the donor was determined
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Table 1. Demographic and clinical characteristics of patients who received convalescent plasma

Patient (rSne/);) (yAegafs) kgylnlqz Comorbidities Blood type | COVID-19 therapy Icg:fill\;iig’e&:as%gl
1 m 53 38.5 obesity, HTN, DM, smoking, AF B- AB+ C+ DN yes
2 m 70 27.8 HTN, smoking, angina pectoris A+ AB+C+DN yes
3 m 72 26.3 HTN 0- AB+C+DN yes
4 f 62 45.6 obesity, HTN, DM, asthma A+ AB+C+DN yes
5 m 72 24.8 HTN A+ AB+ C+DN yes
6 m 66 233 smoking 0- AB+ C+ DN yes
7 m 54 34.1 obesity, HTN B+ AB+C+DN yes
8 m 79 328 obesity A+ AB+C+DN yes
9 m 72 39.1 obesity, HTN B+ AB+ C+ DN yes
10 m 70 415 obesity, HTN A+ AB+C+DN no
11 f 69 26.9 HTN, hypotireoidism B- AB+C+DN yes
12 f 74 25.7 HTN A+ AB +C+ DN yes
13 f 76 26.2 DM A+ AB+ C+DN no
14 m 76 29.4 HTN, DM A+ AB+C+DN yes

m - male; f - female; BMI - body mass index; HTN — arterial hypertension; DM - diabetes mellitus; AF - atrial fibrillation;

AB - antibiotic; C - corticosteroid - DN - dantrolen natrium

Table 2. Disease course

patient | commad dinto | (U o 2P0 | Theoutcome | Day of deathclischarge
CP transfusion transfusion befgye Lft:)r/ 3aftae):5 (died/survived) | after CP transfusion
1 4 2 54.3 61.2 62.6 died 7
2 3 1 68.4 67.2 70.1 died 6
3 4 2 66.4 54.6 51.4 died 6
4 2 2 49.5 46.2 died 1
5 3 3 68.2 29.2 died 2
6 6 4 69.2 64.2 died 1
7 3 1 78.6 81.2 died 1
8 13 11 58.4 584 died 2
9 11 9 63.5 61 62.3 died 7
10 6 3 78.2 78.2 84.1 survived 15
11 6 6 70.1 67.2 died 0
12 3 1 64.6 68.4 67.8 died 19
13 5 3 76.3 78.6 82.2 survived 5
14 4 2 57.3 51.2 49.8 died 3

CP - convalescent plasma; ICU — intensive care unit

for each patient eligible for CP. All patients received two
units of CP, each containing 300 ml, totaling 600 ml, on the
same day. Clinical parameters for the patients before and
after CP administration were obtained through a review of
their hospital medical records and included the following
data: basic demographic information, the number of days
from confirmed COVID-19 diagnosis to CP transfusion,
duration of hospitalization in the intensive care unit, pres-
ence of comorbidities, details of therapeutic modalities such
as antibiotic, corticosteroid, and anticoagulant therapy, and
the need for invasive mechanical ventilation. Laboratory
parameters were monitored before and after CP adminis-
tration for all patients. These parameters included arterial
blood gas analysis, hemoglobin levels, hematocrit levels,
leukocyte counts, platelet counts, D-dimer levels, fibrinogen
levels, C-reactive protein (CRP) levels, procalcitonin (PCT)
levels, and the Sequential Organ Failure Assessment (SOFA)
score for each patient one day before CP administration,
one day after, and three days after for those who survived
beyond three days following CP administration.

‘ DOI: https://doi.org/10.2298/SARH240225041L

Statistical analysis

Statistical processing of the obtained data was performed
using the IBM SPSS Statistics, Version 20.0 (IBM Corp.,
Armonk, NY, USA) software package. The paired-sample
t-test was used for statistical processing. Results are pre-
sented as means + standard deviations (SD). Statistical
significance was established at the p < 0.05 level.

Ethical approval for the study was obtained from the
Ethics Committee of the University Clinical Center of
Vojvodina in Novi Sad (00-51, 25/02/2020).

RESULTS

There were a total of 14 patients with severe ARDS caused
by COVID-19 infection included in the study. The age
of the patients was between 53 and 79 years (mean
68.9 * 7.8 years) (Table 1). The average body mass index
was 31.6 £ 7.1 kg/m’. The majority were male (71.4%).
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Table 3. Comparison of laboratory results before and after convalescent plasma transfusion

Patient Hemoglobin Hematocrit WBC Neutrophils Lymphocytes Platelets
(g/1) (%) (x 10°/L) (%) (%) (x 10°/L)
1 114 | 111 | 112 | 359 | 359 | 361 | 78 | 96 | 11.2 | 886 | 903 | 832 | 73 | 64 | 7.1 187 | 224 | 233
2 151 163 | 143 47 50.1 | 458 | 85 133 | 121 | 864 | 909 | 87.2 | 86 5.2 7.6 265 | 281 290
3 124 | 115 | 110 | 39.2 37 353 | 157 | 13.9 | 10.1 | 854 | 91.2 | 90.1 | 11.7 | 6.2 6.9 181 125 | 119
4 83 79 31.2 | 31.2 83 | 2.1 845 | 62.2 11.2 | 324 392 | 518
5 124 | 102 36 31 17.7 | 186 86.6 | 88.9 1.1 8.3 220 | 210
6 107 | 102 30.2 | 288 11.8 | 138 90.5 | 92.7 7.7 6 215 | 176
7 113 | 112 354 | 35.2 135 | 157 94 95.2 4.4 3.1 334 | 137
8 132 | 129 37 34 18.7 | 146 85.1 | 88.1 108 | 8.6 232 | 212
9 141 128 | 131 | 459 | 39.8 | 40.2 | 189 | 11.2 | 10.2 | 949 | 89.9 | 87.2 1.5 3.9 4.2 125 | 229 | 170
10 127 | 123 | 121 | 408 | 384 | 381 | 54 | 62 | 64 | 89.7 | 838 | 88 7 78 | 71 | 323 | 354 | 366
1 82 50 259 | 178 324 | 279 143 | 143 84.7 | 84.7 64 64
12 135 | 117 | 121 | 417 | 358 | 368 | 43 | 66 | 71 | 861 |90.7 | 872 | 98 | 59 | 89 | 168 | 158 | 167
13 124 | 123 | 122 | 40.1 | 399 | 395 | 53 4.9 56 |899 | 907 | 842 | 48 5.8 8.4 214 | 198 | 202
14 117 90 104 | 348 | 279 | 298 | 206 |13.75| 10.1 84 88.4 | 86.1 8.4 6.5 7.2 498 | 406 | 399

WBC - white blood cells

Table 4. Comparison of inflammatory and thrombogenesis markers — and SOFA score before and after convalescent plasma transfusion

Patient | D-dimer (ng/mL) Fibrinogen (g/L) CRP (mg/L) Procalcitonin (ng/mL) SOFA score
1 385 403 4.2 39 34 92.8 72.2 0.06 0.12 0.56 6 5 7
2 1427 1398 4.9 35 33 6 233 374 0.12 0.21 0.77 4 4 5
3 1247 1298 3.1 3 3.2 187.6 277.8 262.1 0.18 0.21 0.48 5 6 7
4 759 3.2 3.7 233 54.7 0.21 0.29 4 4
5 198 5.8 4.1 1185 | 109.2 0.18 0.78 4 4
6 348 3.2 75.2 182.3 7.04 9.12 6 6
7 1120 8 4.4 138.6 131.6 1.02 1.42 4 3
8 854 4.6 4.2 1234 | 1423 0.015 0.33 5 5
9 675 687 4.1 3.8 35 212.2 187.3 192.2 6.37 6.15 7.23 5 5 7
10 882 839 3.1 23 24 3756 | 1782 | 201.2 0.44 0.28 0.65 4 4 3
11 1023 1112 4.9 4.6 154.7 204.7 0.28 0.31 7 7
12 1186 987 3.5 3.5 3.7 61.4 59.4 63.2 0.48 0.71 0.92 5 4 5
13 289 322 3.2 4.2 3.8 2034 | 156.2 | 1883 0.21 0.08 0.12 4 4 3
14 156 207 4.4 4.1 3.2 506 327 366 0.98 1.1 1.2 5 6 7

CRP - C-reactive protein; SOFA score — Sequential Organ Failure Assessment score

Most of them had two or more comorbidities (78.6%).
The most prevalent comorbidity was arterial hyperten-
sion (78.6%), followed by obesity (42.8%) and diabetes
mellitus (28.6%). More than half of them had blood type
A Rh positive (57.1%). Before receiving CP, all patients
were receiving antibiotic therapy for severe pneumonia,
corticosteroids, and anticoagulant therapy. Twelve out of
14 patients (85.7%) were endotracheally intubated and on
mechanical ventilation, while two patients were on non-
invasive mechanical ventilation.

In Table 2, it can be seen that CP was administered
2-13 days after confirmed COVID-19 diagnosis (aver-
age 5.2 = 3.2 days) and 3.6 + 3 days after admission to
the ICU. The PaO_/FiO, ratio before CP administration
ranged 49.5-78.6 (mean 66 + 8.8), indicating that all pa-
tients had severe ARDS according to the Berlin definition
[12]. Twelve patients (85.7%) died, all of whom were on
invasive mechanical ventilation. The mean PaO_/FiO, ratio
the day after CP administration was 62 * 14, and it did not
significantly differ (p = 0.199), nor three days later (PaO,/
FiO, 66.3 + 12.6, p = 0.955).

Most patients experienced a decrease in hemoglobin
(p = 0.002) and hematocrit (p = 0.007) values after CP
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administration (Table 3). The values of leukocytes (neu-
trophilic granulocytes and lymphocytes) and platelets did
not show a consistent trend of change.

Table 4 shows the values of D-dimer, fibrinogen, CRP,
PCT, and SOFA score. The average D-dimer before CP
administration was 724.4 + 469.1 ng/mL, fibrinogen
4.3 +1.6, CRP 162.8 + 135.5, PCT 1.2 + 2.3, while the av-
erage SOFA score was 4.8 + 0.9. The only value that sig-
nificantly changed three days after CP administration was
PCT, which was significantly higher (p = 0.007).

DISCUSSION

The idea of using CP for the treatment of COVID-19 in-
fection emerged at the beginning of the pandemic [13].
This form of passive immunization has been used in the
past for treating several infectious diseases, with varying
degrees of success. In this case series, 14 patients with se-
vere ARDS due to COVID-19 infection received CP. All
patients received two doses of CP within 24 hours, follow-
ing the National Protocol for the Treatment of COVID-19
Infection. What is interesting is that, upon meeting the
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criteria for obtaining CP, all patients were actually in se-
vere ARDS (PaO,/FiO, < 100 mmHg). Upon reviewing
the literature, no other case series with severe ARDS and
CP treatment were found, making this study unique in its
presentation of CP administration in severe ARDS cases.
The patients age ranged 53-79 years, and the most com-
mon comorbidities were arterial hypertension, obesity, and
diabetes mellitus, consistent with existing literature data
that these are the most common conditions that lead to
more severe forms of the disease [14-17].

Transfusion of plasma can lead to adverse events such as
allergic reactions, febrile reactions, transmission of infec-
tion, hemolytic reactions, transfusion-related acute lung
injury, and transfusion-associated circulatory overload
[17]. In this study, most patients tolerated the transfusion
well. Statistically significant changes were the decrease in
hemoglobin and hematocrit values after CP administra-
tion, as well as an increase in PCT levels.

CP has been the most intensively studied treatment
against COVID-19, and nearly 50 randomized controlled
trials have provided evidence to assess its correct place in
the anti-COVID-19 therapeutic armamentarium [18]. The
first report of CP administration in a COVID-19 patient
was published in March 2020 by Chinese authors Shen
et al. [19]. Five critically ill patients received two doses
of CP from healthy donors who had recovered from the
infection. Four patients showed reductions in inflamma-
tory biomarkers, improved gas exchange, and resolution
of lung lesions based on computed tomography scans.
However, the analysis of this study revealed that the pa-
tients were not in severe ARDS, unlike the patients in our
study. A study by Habtehyimer et al. [20] also showed that
CP administration led to a decreasing of inflammatory
cytokines. Another study by Duan et al. [21] showed that
the administration of one dose of CP was associated with
improved clinical outcomes. However, a large random-
ized trial (RECOVERY trial) involving over 16,000 patients
demonstrated that CP administration did not affect the
disease course compared to standard therapy [22]. The
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EdeKkaT KOHBa/NECLUEHTHe Nnasme Y /ieyety CMHAPOMA aKYTHOT PecnupaTopHor
AUCTPeca y3poKoBaHor MHdeKLMjom Kosugom 19

Mupka Nykuh-LUapkaHosuh'?, Huna Buuo-KataHuh'2, Munuua Jepkosuh'? Pagojka Jokwih-Ma3sumaHuH'?, Hega Tep3uh,

PaHko 3gpaskoBuh's

'YHuBep3utet y Hosom Cagy, MeguunHcku dakyntet, Hosu Cag, Cpbuja;

2YHNBEP3UTETCKI KNMHUYKM LieHTap BojBoauHe, Hosu Cag, Cpbuja;
33aBog 3a xuTHy MeguumHcKy nomoh, Hou Cag, Cpbuja;
“Ilom 3ppaBrba,Hosu Cap’, Hosu Cag, Cpbuja;

*VIHCTUTYT 3a KapanoBacKkynapHe 6onectn Bojsogute, Cpemcka Kamennua, Cpbuja

CAXETAK

YBoa/Unm KoHBanecueHTHa nna3ma (KIM) y npoLwnoctu ce Ko-
puUCTVNa 3a Neyer-e HEKONIMKO UHOEKTVBHIX 6onecTw. Y cknagy
ca TMM AoLNIO ce Ao xunoTese fa 6u npumeHa KI morna nosu-
TVMBHO yTMLaTV Ha 6onecHuKe TelwKo obonene of nHbekLmnje
KoBugom 19.

Linrs ctyguje 6vo je ma npuikaxe pesyntate npumeHe KM kop
6onecHUKa ca TelKoM GopMOM CHHIPOMa aKyTHOT pecnupa-
TOPHOT ANCTPEeca y3pOKOBaHOT NHdeKLMjom KoBuaom 19.
Metopge OBo je cepuja cilyyajeBa KpUTUYHO obonennx 6one-
CHUKa Kojuma je opguHupaHa KM npema HauroHanHom npoto-
Kony 3a neuere MHdeKUMje KoBraom 19, y YH1Bep3nTeTcKom
KNHUYKOM LieHTpy BojeoarHe y Hosom Cagy (Cp6uja), y 2020.
roguHu. KnmHnukm ncxogm cy npaheHn npe n nocse npumeHe
K.

Pesyntatu Y cTyaujy je ykibyueHo 14 6onecHuMKa ca TELLKOM,
XKMBOTHO yrpoxaBajyhom nHdekumjom kosugom 19. Crapoct
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6onecHuka buna je namehy 53 n 79 roguHa. BehwvHa je nmana
[Be UK BULe NpuapyeHnx 6onectn. Buwe op nonosuHe
tblIX je 6uno ca A Rh no3ntnBHom KpBHOM rpynom. CBu cy, mpe
npumeHe KM, nobujann aHTMOUOTCKY Tepanujy 360r Teluke
NMHeyMOHWje, KOPTUKOCTePOUAE 1 aHTUKOArynaHTHY Tepanujy.
[lBaHaecT o 14 6onecHuKa (85,7%) 6uno je eHgoTpaxeanHo
VHTYOMPAHO 1 Ha MEXaHNYKOj BeHTUnauuju nnyha, JOK cy Ba
6onecHMKa 61na Ha HeMHBa3UBHOj MeXaHVYKOj BEHTUNALjU.
K je opanHnpaHa y neproay 2-13 faHa nocne notspheHe au-
jarnose koeupa 19. OpHoc Pa0,/FiO, npe npumeHe KlMunsHocro
je49,5-78,6. MpemuHyno je 12 6onecHuka (85,7%).
3akspyyak prmeHa KITy cTarby CMHAPOMA TELKOT aKyTHOT
pecnypaTopHOr ANCTPECa Y3POKOBaHOT MHPEKLjOM KOBUAOM
19 He yTrye Ha NpPeX1B/baBake HUTW Ha APYTY BUA KITMHUYKOT
noborsbluama.

KmbyuHe peuu: koBug 19; CMHAPOM aKyTHOT pecnpaTopHor
[MCTpeca; KOHBaecLeHTHa ninasma
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SUMMARY

Introduction/Objective The main aim of this study was to assess COVID-19 vaccination effectiveness
(VE) of BBIBP-CorV, Gam-COVID-Vac, BNT162b2, and ChAdOx1-nCoV-19 in Serbia during the first three
months of rollout.

Methods The data from the Serbian National Immunization Registry, the Primary Health Centre Report,
and the University Clinical Centre Report for Kragujevac, Serbia, for the period from January 1 to March
31,2021 were used to compare COVID-19 vaccinated population to unvaccinated individuals in terms of
laboratory confirmed SARS-CoV-2 infection, COVID-19-related hospitalization and intensive care unit (ICU)
admission due to COVID-19. VE was estimated based on the incidence rate ratio, adjusted for age and sex.
Results Overall VE after the first dose reached 20.6%, 28.2%, and 56.1%, and 55.7%, 63.9%, and 79.8%,
after the second dose for SARS-CoV-2 infection, COVID-19-related hospitalization, and ICU admission,
respectively. BNT162b2 exhibited 96.7% VE against infection and no hospitalization after the second
dose. Complete vaccination with BBIBP-CorV and Gam-COVID-Vac demonstrated VE of 43.2% and 78.6%
against infection, 56.9% and 85.3% against hospitalization, and 82.3% and 52.7% against ICU admission,
respectively. ChAdOx1-nCoV-19 after the first received dose showed VE of 10.3% and 74.7% against
infection and hospitalization, with no ICU admission.

Conclusion COVID-19 vaccination in general, as well as each of the four studied vaccines, reduces the risk
of SARS-CoV-2 infection, hospitalization due to COVID-19, and COVID-19-related ICU admission. Vaccine
effectiveness significantly increases with the second received dose for all study outcomes.

Keywords: vaccine effectiveness; BBIBP-CorV; Gam-COVID-Vac; BNT162b2; ChAdOx1-nCoV-19

INTRODUCTION of 2022 (https://ourworldindata.org/covid-
vaccinations). Public distrust of vaccines was

Since the outbreak of coronavirus disease 2019  deemed to be among the major reasons for this

(COVID-19), many scientific research groups
and pharmaceutical companies worldwide
joined their knowledge and efforts, giving rise
to over 300 vaccines and vaccine candidates
[1]. In Serbia, vaccination campaign started at
the end of December 2020, with four different
vaccines readily available [2]. Yet, initially rapid
vaccine rollout, ranking Serbia first worldwide
in terms of share of people vaccinated against
COVID-19, has been reduced to worryngly low
vaccination rate of only about 47% in January

decline [3], warranting additional country-
based investigations.

Phase 3 clinical trials have already shown
that the efficacy in preventing COVID-19 of
the vaccines in question clearly exceeds the
threshold of 50% [4-7], set by the WHO [8].
However, due to constrained study populations,
rigid criteria, and narrow range of possible out-
comes, these conclusions may not reflect the
real-world setting. On the other hand, vac-
cine effectiveness (VE), defined as an ability



Effectiveness of four COVID-19 vaccines in Serbia

to reduce the risk of infection, development of disease, or
any other unwanted disease outcome in real-world condi-
tions [8], has been recognized as very useful in assessing
the actual COVID-19 vaccine performance. Yet, the reports
on effectiveness of COVID-19 vaccines, although numer-
ous, are usually limited to only certain vaccines, countries,
and populations, considered only some of the relevant end-
points, or reported only a few of the important measures
of effect [9, 10, 11].

Although recent meta-analyses indicate that VE gener-
ally decreases over time [12, 13], in the present study we
aimed to assess the initial VE, as well as other indicators
of short-term vaccine performance [including vaccine-
preventable disease incidence (VPDI), and the number
of subjects to be vaccinated to prevent one episode of
COVID-19-related adverse outcome (NNV)], of four dif-
ferent COVID-19 vaccines during first three months of
vaccine rollout in Serbia.

METHODS
Study design

This retrospective comparative cohort study was based on
the data from the Serbian National Immunization Registry
for the City of Kragujevac, and the Kragujevac Primary
Health Centre and the Kragujevac University Clinical
Centre Reports.

Registry data were used to assess COVID-19 vaccina-
tion coverage of population older than 16 years of age in
Kragujevac, Serbia, between January 1 and March 31, 2021.
Vaccinated subjects were considered those who received at
least one dose of any of the four different COVID-19 vac-
cines available in Serbia at the time of the study, i.e. RNA-
based BNT162b2 (Comirnaty®, Pfizer-BioNTech; New
York, NY, USA; Mainz, Germany), inactivated BBIBP-CorV
(Vero Cell®, Sinopharm Group Co. Ltd., Hong Kong, China),
and vector-based Gam-COVID-Vac (Sputnik V*, Gamaleya
National Center of Epidemiology and Microbiology,
Moscow, Russia), and ChAdOx1-nCoV-19 (Vaxzevria®,
University of Oxford/AstraZeneca; Oxford, UK; Cambridge,
UK). Completely vaccinated (i.e. revaccinated) were con-
sidered those who received two doses of the same vaccine
administered as recommended by the guidelines.

Reports data were explored for retrieving the informa-
tion on unvaccinated subjects, assessing reverse transcrip-
tion polymerase chain reaction (RT-PCR) or antigen test-
confirmed cases of SARS-CoV-2 infection, and detecting
the number of COVID-19 patients requiring hospitaliza-
tion or intensive care unit (ICU) admission, registered
within the same population between January 1 and May
3, 2021 (i.e. six weeks after the vaccination or revaccination
of the last included vaccinated subject). RT-PCR or anti-
gen test confirming SARS-CoV-2 infection was considered
the primary outcome of the study, while the secondary
outcomes included hospitalization due to COVID-19 and
ICU admission. During the study period, 20I/Alpha was
the predominant SARS-CoV-2 strain in Serbia [14].
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The crude COVID-19 attack rate in Serbia, calculated
for the period of three months preceding the study based
on a cumulative number of confirmed COVID-19 cases in
Serbia (https://ourworldindata.org/), was used for estima-
tion of the minimum sample size for the study, according
to the recommendations by the WHO [1].

Key eligibility criteria and follow-up schedule

Vaccinated subjects were included in the cohort if the data
on sex, age, vaccination status, time and type of vaccine,
and COVID-19 test result (if tested) were available, and
if they had not been infected with SARS-CoV-2 prior to,
or six weeks after vaccination (Supplementary Figure S1).
COVID-19 cases tested positive within one week after re-
ceiving the first dose were excluded from the analysis [8].

The minimum sample size for the study, based on the
crude COVID-19 attack rate in Serbia of 3.5% at the time
of calculation, and assuming VE of 50%, precision of
* 10%, and type 1 error rate (a) of 0.05, was estimated to
8148 subjects. To achieve greater precision (since follow-
up of vaccinated population longer than six weeks was not
feasible), sample size has been increased to all available
eligible subjects at the time of the study. Namely, there
were 38,454 subjects found in the Registry data that ful-
filled all the inclusion criteria for the vaccinated cohort.
Unvaccinated subjects were selected at random from the
eligible population with no prior SARS-CoV-2 infection.
Out of 126,049 subjects that composed eligible study base
for the unvaccinated cohort, 76,908 were randomly se-
lected (controlling for sex and age, with the size ratio of
2:1) to be included in the study.

In terms of SARS-CoV-2 infection, vaccinated and
unvaccinated subjects were followed up individually to a
maximum of 63 (42 if only one dose was administered) and
122 days, respectively, or until they had been diagnosed
with COVID-19. In terms of hospitalization and ICU ad-
mission, all SARS-CoV-2 infected subjects were followed
up during the clinical course of COVID-19.

The process of selection of study cohorts is presented in
Supplementary Figure S1. The study was approved by the
Ethics Committee of the University Clinical Centre and the
Primary Health Centre, Kragujevac, Serbia (approvals No
01/20-405, No 01/20-497, and No 01-1148/1, obtained on
April 3,2020, May 5, 2020, and February 24, 2021, respec-
tively), and conducted in accordance with the Declaration
of Helsinki and its subsequent revisions.

Statistical methods

Statistical analyses were performed using IBM SPSS
Statistics, Version 20.0 (IBM Corp., Armonk, NY, USA),
and Stata Statistical Software, release 16 (StataCorp LLC,
Texas, USA). The frequencies of SARS-CoV-2 infection
and COVID-19-related hospitalization and ICU admission
over time were presented as incidence rate (IR). To esti-
mate overall VE against all outcomes, vaccinated subjects
were compared to unvaccinated by calculating incidence
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Table 1. SARS-CoV-2 infection in the study cohorts, and the measures of vaccine effectiveness adjusted for age and sex

Variable SARS-CoV-2 infection IRR VE VPDI

n IR (95% ClI) (95% ClI) (95% Cl)
Unvaccinated 5070 204 NA
Vaccinated (at least 1 dose) 932 158.8 0.794 (0.740-0.852) 20.6% (14.8-26%) 40.4 (28.7-52.1)
BBIBP-CorV 738 168.8 0.891 (0.824-0.964) 10.9% (3.6-17.6%) 891.2 (964.2-823.8)
Gam-COVID-Vac 116 1523 0.671 (0.558-0.807) 32.9% (19.3-44.2%) 74.7 (46.2-103.1)
BNT162b2 34 63.3 0.273 (0.195-0.382) 72.7% (61.8-80.5%) 168.6 (146.2-191)
ChAdOx1-nCoV-19 44 2227 0.897 (0.666-1.209) 10.3% (-20.9-33.4%) 25.2(-41.2-91.6)
Revaccinated (2 doses) 389 87 0.443 (0.399-0.491) 55.7% (50.9-60.1%) 107.8 (97.4-118.2)
BBIBP-CorV 350 104.8 0.568 (0.509-0.634) 43.2% (36.6-49.1%) 78.7 (66.2-91.1)
Gam-COVID-Vac 36 48.5 0.214 (0.154-0.297) 78.6% (70.3-84.6%) 178.3(161.2-195.4)
BNT162b2 3 7.7 0.033 (0.011-0.103) 96.7% (89.7-98.9%) 223.7 (212.6-234.8)

IR - incidence rate (per 1000 person-years); IRR - incidence rate ratio; VE - vaccine effectiveness; VPDI - vaccine-preventable disease incidence
(per 1000 person-years); NA - not applicable

Table 2. SARS-CoV-2 infection in the vaccinated cohort per three weeks period, and the measures of vaccine effectiveness adjusted for age and sex

Vel SARS-CoV-2 infection IRR VE VPDI
n IR (95% Cl) (95% Cl) (95% Cl)
Unvaccinated 5070 204 NA
First three weeks after 1st dose 410 70.5 0.354 (0.320-0.391) | 64.6% (60.9-68%) 128.7 (120-137.6)
BBIBP-CorV 287 66.4 0.351(0.311-0.395) 64.9% (60.5-68.9%) 121.7(112.1-131.3)
Gam-COVID-Vac 67 88.6 0.391 (0.307-0.497) 60.9% (50.3-69.3%) 138.4 (116.2-160.5)
BNT162b2 26 48.4 0.209 (0.142-0.307) 79.1% (69.3-85.8%) 183.4 (163.5-203.4)
ChAdOx1-nCoV-19 30 152.7 0.616 (0.430-0.882) 38.4% (11.8-57%) 95.1(39.8-150.4)
First three weeks after 2nd dose 211 36.3 0.180 (0.156-0.206) | 82% (79.4-84.4%) | 162.9(155.3-170.4)
BBIBP-CorV 186 43 0.225 (0.194-0.361) 77.5% (63.9-80.6%) 145.1 (136.6-153.6)
Gam-COVID-Vac 22 29.1 0.128 (0.084-0.195) 87.2% (80.5-91.6%) 197.8 (184.1-211.6)
BNT162b2 3 5.6 0.024 (0.008-0.075) 97.6% (92.5-99.2%) 226.3 (216.7-235.8)
Second three weeks after 2nd dose 169 29 0.145 (0.124-0.169) | 85.5% (83.1-87.6%) | 170.0 (162.9-177.4)
BBIBP-CorV 156 36 0.190 (0.163-0.224) 81% (77.6-83.7%) 152.2 (144-160.2)
Gam-COVID-Vac 13 17.2 0.076 (0.044-0.131) 92.4% (86.9-95.6%) 209.7 (198.3-221)
BNT162b2 0 0 ND ND 231.8 (224.7-238.9)

IR - incidence rate (per 1000 person-years); IRR - incidence rate ratio; VE - vaccine effectiveness; VPDI - vaccine-preventable disease incidence
(per 1000 person-years); NA - not applicable; ND - not determined [due to zero event count (no COVID-19-positive cases) in vaccinated subjects]

rate ratio (IRR), using Mantel-Haenszel method to adjust
for age and sex. VE was estimated by subtracting IRR be-
tween vaccinated and unvaccinated subjects (expressed
as percentage) from 100% [1]. VPDI was calculated as a
difference between incidences of an outcome in vaccinated
and unvaccinated subjects, and reported per 1000 person-
years [15]. NNV, as a number of subjects to be vaccinated
to prevent one episode of COVID-19, one COVID-19-
related hospitalization, or admission to ICU, was calculated
as 1000 divided by VPDI [16].

RESULTS

Study participants

Demographic characteristics and the total length of the
follow-up for SARS-CoV-2 infection of all 115,362 sub-

jects involved in the study are presented in Supplemental
Table S1.

DOI: https://doi.org/10.2298/SARH221215037D

Measures of VE against SARS-CoV-2 infection

IR (per 1000 person-years) of COVID-19 cases was 195.4
in the whole cohort, 158.8 in those who received at least
one dose of any vaccine, and 204 in unvaccinated subjects.
The risk of SARS-CoV-2 infection was significantly lower
among vaccinated subjects as compared to unvaccinated
population. Overall, VE increased with the second dose, as
well as with time during the follow-up. Comparison among
vaccines revealed the highest VE in BNT162b2, followed
by Gam-COVID-Vac. The distribution of vaccinated and
unvaccinated subjects among confirmed cases of SARS-
CoV-2 infection, and the measures of VE during the total
length of the follow-up and per three-week periods are
presented in Tables 1 and 2.

Measures of VE against COVID-19 hospitalization

Hospitalization due to COVID-19 was registered among
all study subjects with IR of 27.6 per 1000 person-years,
and with IRs of 22.5 and 28.8 per 1000 person-years among
vaccinated and unvaccinated, respectively. COVID-19 vac-
cination significantly reduced the risk, with VE increasing
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Table 3. COVID-19-related hospitalization in the study cohorts, and the measures of vaccine effectiveness adjusted for age and sex

. covi D.—1 Q—relgted IRR VE VPDI
HRElslE :°Sp'ta"zat'°TR (95% Cl) (95% Cl) (95% Cl)

Unvaccinated 715 28.8 NA

Vaccinated (at least 1 dose) 132 225 0.718(0.597-0.864) | 28.2% (13.6-40.3%) 9.2 (4.7-13.8)
BBIBP-CorV 125 286 0.856 (0.709-1.035) 14.4% (-3.5-29.1%) 54(03-11.1)
Gam-COVID-Vac 5 6.6 0.240 (0.100-0.578) 76.0% (42.2-90%) 201 (14.7-27)
BNT162b2 1 19 0.079 (0.011-0.557) 92.1% (44.3-98.9%) 21.9(17.7-26)
ChAdOX1-nCoV-19 1 5.1 0.253(0.036-1792) | 74.7% (-79.2-96.4%) 15.0 (04.9-25.2)
Revaccinated (2 doses) 52 116 0.361(0.272-0.478) | 63.9% (52.2-72.8%) 20.9(16.8-24.9)
BBIBP-CorV 49 14.7 0.431 (0.323-0.575) 56.9% (42.5-67.7%) 19.9 (149-24.9)
Gam-COVID-Vac 3 4 0.147 (0.047-0.457) 85.3% (54.3-95.3%) 23.5(18.4-28.5)
BNT162b2 0 0 ND ND 242 (22.2-26.1)

IR - incidence rate (per 1000 person-years); IRR - incidence rate ratio; VE — vaccine effectiveness; VPDI - vaccine-preventable disease incidence

(per 1000 person-years); NA - not applicable; ND - not determined [due to zero event count (no hospitalization) in vaccinated subjects]

Table 4. COVID-19-related hospitalization in the vaccinated cohort per three-week periods, and the measures of vaccine effectiveness adjusted

for age and sex

. COVID.—1 9;re[ated IRR VE VPDI
ariable :OSp'tal'zamTR (95% Cl) (95% Cl) (95% Cl)
Unvaccinated 715 28.8 NA
First three weeks after 1st dose 63 10.8 0.345 (0.267-0.446) | 65.5% (55.4-73.3%) 20.9 (17.3-24.5)
BBIBP-CorV 61 14.1 0.422 (0.325-0.547) 57.8% (45.3-67.5%) 19.9 (15.4-24.3)
Gam-COVID-Vac 1 1.3 0.048 (0.007-0.342) 95.2% (65.8-99.3%) 26.1 (22.8-29.5)
BNT162b2 0 0 ND ND 23.7 (21.8-25.7)
ChAdOx1-nCoV-19 5.1 0.254 (0.036-1.800) 74.6% (-80.0-96.4%) 15 (4.8-25.2)
First three weeks after 2nd dose 32 7.2 0.225 (0.158-0.320) | 77.5% (68-84.2%) 25.3 (21.7-28.9)
BBIBP-CorV 30 6.9 0.210 (0.146-0.300) 79% (70-85.4%) 27 (23.4-30.7)
Gam-COVID-Vac 2 2.6 0.097 (0.024-0.386) 90.3% (61.4-97.6%) 24.8 (20.6-29)
BNT162b2 0 0 ND ND 23.7 (21.8-25.7)
Second three weeks after 2nd dose 17 29 0.091 (0.056-0.148) | 90.9% (85.2-94.4%) 28.8 (26.0-31.6)
BBIBP-CorV 16 3.7 0.108 (0.066-0.178) 89.2% (82.2-93.4%) 30.3 (27.0-33.6)
Gam-COVID-Vac 1 13 0.048 (0.007-0.342) 90.3% (65.8-99.3%) 26.2 (22.8-29.5)
BNT162b2 0 0 ND ND 23.7 (21.8-25.7)

IR — incidence rate (per 1000 person-years); IRR — incidence rate ratio; IRD - incidence rate difference (per year); VE - vaccine effectiveness;
VPDI - vaccine-preventable disease incidence (per 1000 person-years); NA - not applicable; ND - not determined [due to zero event count

(no hospitalization) in vaccinated subjects]

with both doses received and with time during the follow-
up. BNT162b2 and Gam-COVID-Vac exhibited the highest
VE against hospitalization. The distribution of vaccinated
and unvaccinated subjects among hospitalized cases of
SARS-CoV-2 infection, and the measures of VE during the
total length of the follow-up and per three week-periods
are presented in Tables 3 and 4.

Measures of VE against COVID-19-related ICU
admission

COVID-19-related ICU admission was registered among
all study subjects with IR of 8.3 per 1000 person-years.
COVID-19 vaccination significantly reduced the risk of
COVID-19-related ICU admission: among unvaccinated,
IR was 9.2 per 1000 person-years, as compared to the vac-
cinated cohort, with IR of 4.6 per 1000 person-years. VE
increased with the second received dose and with time
during the follow-up, and the higher VE was associated
with BNT162b2, ChAdOx1-nCoV-19, and BBIBP-CorV.
The distribution of vaccinated and unvaccinated subjects
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among SARS-CoV-2-infected admitted to ICU, and the
measures of VE during the total length of the follow-up
and per three-week periods are presented in Tables 5 and
6. Figure 1 presents NNV values for all three investigated
COVID-19 outcomes among all vaccinated subjects, as
well as per vaccine type in vaccinated with at least one, or
with two doses of vaccine.

DISCUSSION

In the present study, we assessed the effectiveness of four
different COVID-19 vaccines in terms of SARS-CoV-2
infection, hospitalization due to COVID-19, and COVID-
19-related ICU admission. As to our best knowledge, this
is the first time COVID-19 VE was investigated using the
real-world data from Serbia. Our findings indicate that
COVID-19 vaccination in general, as well as each of the
investigated vaccines, significantly reduces the risk of
all studied outcomes when compared to unvaccinated
population. VE invariably increased with the second
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Table 5. COVID-19-related intensive care unit (ICU) admission in the study cohorts, and the measures of vaccine effectiveness adjusted for age

and sex
' COVID-1 9—'relvated e Ve o

fa n'CU adm'ss'or:R (95% Cl) (95% Cl) (95% Cl)
Unvaccinated 229 9.2 NA
Vaccinated (at least 1 dose) 27 4.6 0.439 (0.294-0.654) 56.1% (34.6-70.6%) 6(3.7-8.2)
BBIBP-CorV 22 5 0.441 (0.285-0.682) 55.9% (31.8-71.5%) 6.5(3.9-9.2)
Gam-COVID-Vac 4 53 0.618 (0.230-1.658) 38.2% (-65.8-77%) 3.3(2-8.6)
BNT162b2 1 1.9 0.264 (0.038-1.859) 73.6% (-85.9-96.2%) 5.3(1.5-9.1)
ChAdOx1-nCoV-19 0 0 ND ND 5.7 (4.7-6.7)
Revaccinated (2 doses) 10 2.2 0.202 (0.106-0.382) 79.8% (61.8-89.4%) 8.7 (6.7-10.8)
BBIBP-CorV 7 2.1 0.177 (0.083-0.376) 82.3% (62.4-91.7%) 9.8 (7.5-12.1)
Gam-COVID-Vac 3 4 0.473 (0.151-1.478) 52.7% (-47.8-84.9%) 4.5(0.2-9.2)
BNT162b2 0 0 ND ND 7.3(6.3-8.3)

IR - incidence rate (per 1000 person-years); IRR - incidence rate ratio; VE - vaccine effectiveness; VPDI - vaccine-preventable disease incidence (per 1000 person-
years); NA - not applicable; ND - not determined [due to zero event count (no admission to ICU) in vaccinated subjects]

Table 6. COVID-19-related intensive care unit (ICU) admission in the vaccinated cohort per three-week periods, and the measures of vaccine

effectiveness adjusted for age and sex

COVID-19-related
ICU admission IRR VE VPDI
n R (95% Cl) (95% ClI) (95% ClI)

Unvaccinated 229 9.2 NA

First three weeks after 1st dose 12 2.1 0.197 (0.111-0.352) | 80.3% (64.8-88.9%) 8.5(6.7-10.4)
BBIBP-CorV 12 2.8 0.244 (0.137-0.434) 75.6% (56.6-86.3%) 8.8 (6.6-11)
Gam-COVID-Vac 0 0 ND ND 8.5(7.4-9.7)
BNT162b2 0 0 ND ND 7.1 (6.1-8.1)
ChAdOx1-nCoV-19 0 0 ND ND 5.7 (4.7-6.7)
First three weeks after 2nd dose 6 1.3 0.122 (0.054-0.276) | 87.8% (72.4-94.6%) 9.6 (7.7-11.4)
BBIBP-CorV 4 0.9 0.081 (0.030-0.216) 91.9% (78.4-97%) 10.7 (8.8-12.5)
Gam-COVID-Vac 2 2.7 0.316 (0.079-1.273) | 68.4% (-27.3-92.1%) 5.8(1.9-9.8)
BNT162b2 0 0 ND ND 7.3 (6.3-8.3)
Second three weeks after 2nd dose 3 0.7 0.059 (0.018-0.189) | 94.1% (81.1-98.2%) 10.3 (8.6-12)
BBIBP-CorV 2 0.6 0.048 (0.012-0.202) 95.2% (79.8-98.8%) 11.3(9.4-12.2)
Gam-COVID-Vac 1 1.4 0.157 (0.022-1.128) 84.3% (-12.8-97.8%) 7.9(4.3-10.1)
BNT162b2 0 0 ND ND 7.3 (6.3-8.3)

IR - incidence rate (per 1000 person-years); IRR - incidence rate ratio; VE - vaccine effectiveness; VPDI - vaccine-preventable disease incidence (per 1000 person-
years); ND - not determined [due to zero event count (no admission to ICU) in vaccinated subjects]

received dose, and the similar trend has been observed
over the six-week-long follow up after complete vaccina-
tion. BNT162b2, followed by Gam-COVID-Vac demon-
strated the highest VE against all outcomes of interest in
terms of SARS-CoV-2 infection and hospitalization due to
COVID-19, which was the case with ChAdOx1-nCoV-19
and BBIBP-CorV in terms of COVID-19-related ICU ad-
mission.

Since the 18th century, vaccination has been recognized
as one of the most effective measures for reducing morbid-
ity and mortality of infectious diseases [17]. Thus, it came
as no surprise that “once in a century” pandemic such as
COVID-19, after failing to succumb to intensive public
health interventions, would raise high expectations for the
vaccine. Once available, vaccination triggered both effi-
cacy and effectiveness studies, where SARS-CoV-2 strong
transmission ability and extremely unpredictable course of
the disease placed infection rate, hospitalization, and ICU
admission among the most important COVID-19-related

‘ DOI: https://doi.org/10.2298/SARH221215037D

outcomes. Numerous real-world-setting investigations
have been conducted so far, and VE has been assessed in
different countries on hundreds of thousands of subjects
[10, 18, 19]. To the best of our knowledge, this study is
the first to simultaneously investigate and report VE of
BNT162b2, ChAdOx1-nCoV-19, Gam-COVID-Vac, and
BBIBP-CorV for three different COVID-19-related out-
comes in Serbia.

Previous studies were unified in conclusion that
COVID-19 vaccination with BNT162b2 provides signifi-
cant protection, which increases with time, and achieves its
full potential after the second dose [20, 21, 22]. In terms of
SARS-CoV-2 infection, hospitalization due to COVID-19
and COVID-19-related ICU, reported BNT162b2 VE in
completely vaccinated subjects ranged from 65% [21] to
97% [9], from 80% to 98% [23], and from 90% [21] to 98%
[9], respectively. In our study, BNT62b2 proved to have
the highest VE in terms of all investigated outcomes, cor-
responding well to previously published data. Our study
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Figure 1. NNV (number of subjects to be vaccinated to prevent one
episode of COVID-19, one COVID-19-related hospitalization, or admis-
sion to ICU) for three investigated COVID-19-related outcomes in a)
all vaccinated subjects, b) vaccinated with at least one dose, and c)
vaccinated with two doses

contributes to the existing evidence on BNT162b2 VE in
two different ways: a) by providing the data from a popula-
tion that has not been previously explored in this regard,
and b) by simultaneously reporting VPDI and NNV values,
which are recognized as important clinical indicators of
the vaccination-driven COVID-19 risks reduction [24].

On the other hand, the effectiveness studies on
ChAdOx1-nCoV-19 are scarce and mainly associated with
VE after the first dose [11, 19, 20, 21]. In terms of SARS-
CoV-2 infection and hospitalization due to COVID-19,
ChAdOx1-nCoV-19 VE after one dose ranged from 36%
[11] to 78% [21], and from 50% to 88% [19], respective-
ly. Yet, none of the previous studies reported its VE for
COVID-19-related ICU admission. Our data indicate that
ChAdOx1-nCoV-19 in one dose modestly decreases the
risk of infection, but significantly reduces the risk of hos-
pitalization or ICU admission due to COVID-19. Limited
by relatively short follow-up, we were not able to assess VE
of ChAdOx1-nCoV-19 after revaccination, which remains
to be elucidated in the future.
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In spite of the worldwide deployment of Gam-COVID-
Vac and BBIBP-CorV, we were able to find only a few
published reports on their effectiveness against COVID-
19-related outcomes [25]. In a Hungarian study by Voko
et al. [26], Gam-COVID-Vac and BBIBP-CorV dem-
onstrated VE against SARS-CoV-2 infection, assessed
at least seven days after the second dose, of 85.7% and
68.7%, respectively. In Argentina, administration of one
dose of Gam-COVID-Vac displayed VE of 78.6%, 87.6%,
and 84.8% in preventing laboratory-confirmed infection,
reducing hospitalizations, and deaths, respectively [27].
On the other hand, Zhang et al. [28] reported BBIBP-CorV
VE against hospitalization for serious or critical illness in
Morocco of 88.5%, while the data from the United Arab
Emirates indicate effectiveness of the same vaccine against
hospitalization, critical care admission, and death due to
COVID-19 of 79.6%, 86%, and 84.1%, respectively [29].
In our study, in terms of SARS-CoV-2 infection these two
vaccines proved to be slightly more effective when assessed
three weeks after complete vaccination, and their effec-
tiveness during the study follow-up increased with time.
In addition, we have shown that both Gam-COVID-Vac
and BBIBP-CorV are effective against two other investi-
gated outcomes, namely hospitalization and ICU admis-
sion. They differed in terms of outcomes for which they
were more effective, with Gam-COVID-Vac demonstrating
higher VE in reducing the risk of hospitalization and the
risk of infection, and BBIBP-CorV, the most frequently ad-
ministered vaccine in Serbia, being more protective against
COVID-19-related ICU admission.

It should be noted that this report has several limita-
tions. Firstly, we were unable to assess the level of expo-
sure to SARS-CoV-2 among vaccinated and unvaccinated
subjects. The exposure risk can vary considerably, as it
depends on the environment, health status, human be-
havior, and many other factors [30]. Since it enables viral
transmission and significantly affects the initial infectious
dose, the level of exposure to SARS-CoV-2 can be cru-
cial for the development and the fate of COVID-19 [31].
Furthermore, certain factors associated with the risk of
exposure could also limit the accuracy of our findings,
leading to either under- or overestimation of VE. On one
hand, there is the healthy adherer effect, which suggests
that the vaccinated subjects should be more likely to prac-
tice preventive measures that decrease the risk of infection
[32], hence attributing at least part of the observed effect
to precautions rather than to vaccination. On the other
hand, COVID-19 vaccination could trigger the so-called
Peltzman effect, which implies that vaccinated individuals
might feel more protected and thus get involved in riskier
behavior [33], blurring the real VE. Also, we did not assess
the symptoms of the infected subjects, so there is a pos-
sibility that asymptomatic people, who are generally less
likely to be tested for SARS-CoV-2 infection were omitted
from our study. Having in mind that the “silent” infec-
tions can comprise more than one third of all COVID-19
cases [34], and that their viral loads, as well as the risk of
further disease transmission, can be comparable to symp-
tomatic infections, it would be prudent to include them
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too in the assessment of VE. Furthermore, our data were
collected before the appearance of new Delta and Omicron
variants of SARS-CoV-2 in Serbia [35], during only a six-
week-long period, and before the third dose of vaccines
was available, rendering our results less relevant to new
strains of the virus, and missing out the information on
the VE later during the period after complete vaccination,
or after receiving more than two doses. Also, most of the
vaccinated subjects received BBIBP-CorV, and that might
potentially affect the results of comparison among different
types of vaccines. Finally, our study included population
of only one region in Serbia, which is mainly of Serbian
origin. Since the susceptibility to SARS-CoV-2 infection
and the severe form of the disease has been linked to poly-
morphism of certain genes [36], there is a possibility that
the effect of vaccination in Serbs is under the influence of
their ethnicity-related genetic signature, depreciating the
applicability of our results to other populations.
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CONCLUSION

In conclusion, our study, based on the real-world data from
Serbia, demonstrates that COVID-19 vaccination in gen-
eral, as well as each of the four studied vaccines, reduces
the risk of SARS-CoV-2 infection, hospitalization due to
COVID-19, and COVID-19-related ICU admission. VE
significantly increases with the second received dose for
all study outcomes.
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CAXETAK

YBog/LUum Linb cTyauje je 6uo ga ce npoueHn edeKTUBHOCT
BakumHauuje (EB) npoTue koBmaa 19 BakumnHama BBIBP-CorV,
Gam-COVID-Vac, BNT162b2 n ChAdOx1-nCoV-19'y Cp6uju Tokom
npBa TPV MeceLla off MoYeTKa BaKLHaLyje.

MeTtope lNopaum 3a nepuog op 1. jaHyapa go 31. mapta 2021.
NPUKyn/beHn 13 HaumoHanHor peructpa 3a umyHmusaumjy Cp-
6uje, /i3BewTaja [Joma 3gpaBrba 1 M3BewwTaja YHBep3uTeT-
CKOT KIIMHUYKOT LieHTpa ,Kparyjesal’, Cpbuja, kopuiwheHu cy
3a nopehere BaKLUMHMCaHe ca HEBAKLMHCAHOM NOMynaLmjom
y nornegy naboparopujcku notspheHe nudekumje SARS-CoV-2,
XocnuTanu3aumje 36or Kosuga 19 v npujema y jequHnLY NHTeH-
3uBHe Here (JVIH) 360r koBvga 19. EB je npouereHa Ha 0CHOBY
ofHOCa CTorMe VHUUaeHwje, npunarofheHe 3a CTapocT 1 MnoJt.
PesynTatu YkynHa EB 3a cBe BakuuHe nocne npBe fo3e ocTu-
rna je 20,6%, 28,2% 1 56,1% y nornepy nHdexuuje SARS-CoV-2,
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xocnuTtanm3auuje 36or kosuaa 19 u npujema y JVIH, a 55,7%,
63,9% 1 79,8% nocne gpyre fo3e 3a ucte ncxope. BNT162b2 je
pocturna EB og 96,7% npotrB uHdeKumje, n Huje 6uno xocnu-
Tanu3auuje nocne gpyre fo3se. MoTnyHa BakuMHaLmMja BakLMHa-
Ma BBIBP-CorV n ChAdOx1-nCoV-19 nokasana je EB of 43,2% v
78,6% npotunB nHbeKUMje, 56,9% 1 85,3% NpoTyB XoCnuUTann3a-
umje 1 82,3% 1 52,7% npotus npujema y JVIH. ChAdOx1-nCoV-19
je nocne npBe go3e nokasana EB og 10,3% un 74,7% npotus
nHeKUyje 1 xocnuTtanusaumje, 6e3 npujema y JUH.
3aksbyyak BakumHaupja npoTuB KoBmaa 19 yoniuTe, Kao 1 cBaka
rojefuHayHa BakLHa, CMakbuna je pr3uk of uHdekuuje SARS-
-CoV-2, xocnutanu3auuje 36or kosuga 19 v npujema y JVIH 36or
KoBuaa 19. EpnkacHocT BakLMHe 3HauajHo ce moBehaBa ca apy-
rom NMPVYIM/bLEHOM [1030M 3a CBa TPV 1cxofa npaheHa y cTyamnju.
KmbyuHe peun: epextvBHoCT BakuuHe; BBIBP-CorV; Gam-COVID-
-Vac; BNT162b2; ChAdOx1-nCoV-19
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SUPPLEMENTARY MATERIAL

a)

COVID-19 vaccinated
subjects from the Serbian
National Immunization
Registry for Kragujevac
(n=11456)

.

Subjects excludeddueto
SARS-Cov-2infection
priorto vaccination
(n=2691)

Subjects identifiedinthe
Primary Health Centre
Kragujevac Report
(n=180172)

Subjects excluded dueto
lack of data
(n=2450)

vaccinated subjects with no
prior SARS-Co%/-2infection
(n=38765)

Subjects excludeddueto
SARS-Cov-2infectionlater
than & weeks afterthe
vaccination
(n=173)

.

’

Subjects with available
data
(n=177722)

Subjects excluded dueto
COVID-19 vaccination
(n=41330)

'

“accinated subjects
withinfollow up
(n=38590)

Subjects excludeddueto
SARS-Cov-2infection during
first week after receiving 1%

dose of vaccine
(n=136)

Unvaccinated subjects
(n=136332)

Subjects excluded dueto
prior SARS-Cov-2 infection
(n=10283)

}

Eligible subjects for the
vaccinated cohort
(n=38454)

Eligible subjects as a study
base for the unvaccinated
cohort (n=126049)

Supplementary Figure S1. The process of selection: a) the cohort of vaccinated subjects, and b) the study base for the cohort of unvaccinated

subjects

Supplementary Table S1. Demographic characteristics, vaccination status, and the total length of the follow-up of subjects involved in the study

e Vaccinated subjects | Unvaccinated subjects Total

Characteristics
n % n % n %

Total 38,454 3333 76,908 66.67 115,362 100
Age groups (years)
Up to 24 268 0.7 536 0.7 804 0.7
25-34 1309 34 2618 34 3927 34
35-44 4238 11.02 8476 11.02 12,714 11.02
45-54 5318 13.83 16,519 2148 21,837 18.93
55-64 7994 20.79 15,897 20.67 23,891 20.71
65-74 13,030 33.88 16,823 21.87 29,853 25.88
75 and over 6297 16.38 16,039 20.85 22,336 19.36
Sex
Male 20,534 534 41,044 53.37 61,578 53.38
Female 17,920 46.6 35,864 46.63 53,784 46.62
Vaccinated (at least 1 dose) 38,454 33.33 0 0 38,454 33.33
BBIBP-CorV 28,630 24.82 0 0 28,630 24.82
Gam-COVID-Vac 4522 3.92 0 0 4522 3.92
BNT162b2 3559 3.09 0 0 3559 3.09
ChAdOx1-nCoV-19 1743 1.51 0 0 1743 1.51
Vaccinated (only 1 dose) 12,477 10.82 0 0 12,477 10.82
BBIBP-CorV 9206 7.98 0 0 9206 7.98
Gam-COVID-Vac 223 0.19 0 0 223 0.19
BNT162b2 1305 1.13 0 0 1305 1.13
ChAdOx1-nCoV-19 1743 1.51 0 0 1743 1.51
Revaccinated (2 doses) 25,977 22.52 0 0 25,977 22.52
BBIBP-CorV 19,424 16.84 0 0 19,424 16.84
Gam-COVID-Vac 4299 373 0 0 4299 3.73
BNT162b2 2254 1.95 0 0 2254 1.95
Total person time
In days 2,138,842 9,075,850 11,214,692
In years 5,859.84 24,865.34 30,725.18
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Impact of COVID-19 pandemic on changing the
ratio of abdominal, vaginal, and laparoscopic
hysterectomies
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SUMMARY

Introduction/Objective Coronavirus pandemic caused most hospitals in the world to suspend regular
activities. The aim of this study was to analyze pandemic influence on patients who underwent hyster-
ectomy with classical (abdominal) and minimally invasive surgery (laparoscopic and vaginal approach)
at the Clinic for Gynecology and Obstetrics of the University Medical Centre of Serbia.

Methods There were 2446 hysterectomies for five-year period. The study analyzed number and types
of hysterectomies before and during COVID-19 pandemic.

Results The total number of operated patients was most decreased in the first year of the pandemic.
During pandemic, the number of vaginal and laparoscopic hysterectomies did not change, whereas
there was an increase in the number of abdominal hysterectomies. Statistical significance (p < 0.01) was
found between abdominal and vaginal as well as between abdominal and endoscopic hysterectomies.
Conclusion The global pandemic impact on care of symptomatic patients with COVID-19 has led to the
redeployment of staff and resources, which has significantly reduced the total number of operations in
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many hospitals around the world.

Keywords: COVID-19; gynecological surgery; laparoscopy

INTRODUCTION

The epidemic caused by the SARS-CoV-2
began at the end of 2019, and in just a few
months affected almost the entire world. The
high morbidity and mortality induced by this
virus caused problems in the health systems in
many countries, and many hospitals suspended
or significantly reduced their regular activities
in order to engage medical staff for patients
suffering from COVID-19 [1, 2]. Due to this
emergency, the number of elective surgeries has
been reduced.

Hysterectomy is one of the most frequent
surgeries in the field of gynecology and rep-
resents a mainstay in management of various
benign and malignant diseases. An abdominal,
vaginal, laparoscopic or robotic approach can
be utilized depending on numerous factors
such as underlying pathology, shape, and size
of the uterus, adnexal pathology, surgical risk
and surgeon expertise [3].

In contemporary gynecological practice,
minimally invasive surgery (MIS) is consid-
ered the technique of choice in most clinical
scenarios, but concern has been raised that
SARS-CoV-2 could be disseminated during
such procedures and when using smoke-gener-
ating devices [4]. Hence, employing MIS during
COVID-19 pandemic was deemed potentially
hazardous by some experts [1].

The aim of this study was to analyze whether
COVID-19 pandemic had influenced the num-
ber of patients referred for hysterectomy, and
whether it had affected the surgical approach
selection.

METHODS

In this retrospective cohort study, data were
compiled from medical records and operative
protocols of the Clinic for Gynecology and
Obstetrics of the University Clinical Centre of
Serbia. All patients who had undergone a hys-
terectomy from the beginning of 2017 to the
end of 2021 were included in the study. The
surgical approaches were also noted - total
abdominal, vaginal, and laparoscopic hyster-
ectomy. Both total laparoscopic hysterectomy
(TLH) and laparoscopically-assisted vaginal
hysterectomy (LAVH) were part of the laparo-
scopic hysterectomy group. We have analyzed
the total number of hysterectomies per year
and compared the number of hysterectomies
in 2019 compared to 2020. Finally, we analyzed
the average number of yearly hysterectomies
between the pre-pandemic and pandemic
years (2017-2019 vs. 2020-2021). We used
IBM SPSS Statistics for Windows, Version 23.0.
(IBM Corp. Armonk, NY, USA) for statistical
analysis. We chose a 0.05 level of statistical
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significance. Data were described by using ratios and per-
centages while discrete variables were compared using x
and Fisher tests as appropriate.

The study was approved by Ethics Committee of the
University Clinical Centre of Serbia (number 1038/1).

RESULTS

A total of 2446 hysterectomies were performed over a
tive-year period. Most of the hysterectomies (1865/2446,
76.2%) were done using the abdominal approach. A vagi-
nal approach was used in 473 patients (19.3%), whereas
laparoscopy was performed in 108 patients (4.4%) (Figure
1). The total number of hysterectomies per year by surgical
approach are presented in Table 1.

Type of hysterectomy - ratio

4.42%

ETLH m®Vaginal = Abdominal

Figure 1. Total relative numbers according to the type of hysterec-
tomy; TLH - total laparoscopic hysterectomy

Table 1. Numbers and types of hysterectomies per year

~ 0 (o)) o =
Year s | s | 5 S S | Total
o~ o o~ o~ o~
TLH/LAVH| 17 | 25 | 29 | 19 | 18 | 108
Types of VAG 177 | 126 | 92 | 39 | 39 | 473
hysterectomy
TAH 421 | 389 | 375 | 319 | 361 | 1865
Total 615 | 540 | 496 | 377 | 418 | 2446

TLH - total laparoscopic hysterectomy; LAVH - laparoscopically
assisted-vaginal hysterectomy; VAG - vaginal hysterectomy;
TAH - total abdominal hysterectomy

The highest number of hysterectomies was recorded in
2017, while the lowest was observed in the first year of the
COVID-19 pandemig, i.e. 2020). Although there has been
a steady decrease in the total number of hysterectomies per
year from 2017 to 2020, the abdominal approach was still
the most prevalent, followed by the vaginal, and laparo-
scopic approach. During the second year of the pandemic
(2021), the number of hysterectomies increased but did
not reach pre-COVID levels (Figure 2).
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Figure 3. Number and type of hysterectomies during years; TLH - total lapa-
roscopic hysterectomy; LAVH - laparoscopically-assisted vaginal hysterectomy

The relative change in the number of hysterectomies
was most pronounced in the vaginal hysterectomy sub-
group — approximately 70%. Decreases in the number of
TLH/LAVH and abdominal hysterectomies can also be
observed — 25% and 14% decreases, respectively (Figure
3). Also, when presented as relative numbers, it is notice-
able that the total number of hysterectomies significantly
dropped mostly because of the decreased number of vagi-
nal and laparoscopic operations (Table 2 and Figure 4).

During the second year of pandemic a slight increase
in the number of total abdominal hysterectomies was
observed compared to the first pandemic year, whereas
the number of vaginal and TLH/LAVH did not change
(Figure 3).

When a * test was used to compare the number of hys-
terectomies by each approach between the year 2019 and
the year 2020, a highly statistically significant difference
(x* = 12.05, p = 0.002) was observed. The percentage of
vaginal hysterectomies accounted for 18.5% of all hyster-
ectomies completed in 2019, while the same percentage
was 10.3% in 2020. Conversely, 75.6% of all hysterectomies
were total abdominal hysterectomies in 2019 but 85.4%
in 2020.

When pre-pandemic years (2017-2019) were compared
to pandemic ones (2020-2021), similar conclusions to the
ones outlined in the previous paragraph could be drawn.

www.srpskiarhiv.rs ‘




256 Doki¢ M. et al.

minimally invasive procedures [7]. This is in accordance
with our results which showed the highest drop for vaginal
hysterectomies. The surgery organization was adapted to
include emergency and oncological cases only. Although
COVID-19 pandemic could have posed a risk in time de-
laying from symptom onset to intervention, retrospective
studies showed no difference in [8]. On the other hand,
non-emergency surgeries were significantly reduced during
the first year of pandemic. Data from the National Inpatient
3% I Sample and the National Ambulatory Surgery Sample in-
\MW cluded 1,029,792 hysterectomies performed in the USA
—5:859 5049 during 2019, while that number greatly decreased in 2020;
The greatest decrease was observed from March to May of
2020, corresponding with the initial wave of COVID-19 [9].
Vaginal and minimally invasive surgical procedures are
certainly the best choice for patients, but there are objec-

100.00%

90.00%

84762% 86.36%

80.00%

75.60%

77.04%
70.00% 6845%

60.00%
== TLH/LAVH

50.00% .
—— Vaginal

40.00%

Abdominal

30.00%

78%

20.00%

10.00%

933%
431%

0.00% — T

2019 2020 2021

Figure 4. Relative numbers and types of hysterectomies over time; TLH - total
laparoscopic hysterectomy; LAVH - laparoscopically-assisted vaginal hyster-
ectomy

Table 2. Relative numbers and types of hysterectomies per year

Procedure | 2017 2018 2019 2020 2021 Total
TLH/LAVH | 2.76% | 4.63% | 5.85% | 5.04% | 431% | 4.42%
VAG 28.78% | 23.33% | 18.55% | 10.34% | 9.33% | 19.34%
TAH 68.45% | 72.04% | 75.60% | 84.62% | 86.36% | 76.24%

100%

TLH - total laparoscopic hysterectomy; LAVH - laparoscopically-assisted
vaginal hysterectomy; VAG - vaginal hysterectomy; TAH - total abdominal
hysterectomy

A very highly statistically significant difference (p < 0.001)
was observed between these two groups with a smaller
relative contribution of vaginal hysterectomies (9.8% vs.
23.9%) and a larger relative contribution of total abdomi-
nal hysterectomies (85.5% vs. 71.8%) in pandemic years
compared to pre-pandemic ones respectively.

DISCUSSION

There was a 28% drop in the total number of hysterecto-
mies performed at our institution over a five-year period,
with the largest decrease in vaginal hysterectomies.

Although studies comparing surgical approach before
and during pandemic are scarce, two studies analyzed im-
pact of COVID-19 pandemic on gynecological surgery
department. Piketty et al. [5] reported a 65% decrease of
operations and surgical interventions during COVID-19
lockdown in one of Paris’s gynecological departments,
whereas Gupta et al. [6] reported an even higher reduc-
tion of approximately to 75%. Hence, the total reduction
in our clinic was less than the one observed in developed
countries and, even though not statistically significant, the
increase in the number of operations during second year of
pandemic implied that our health care system managed to
organize activities in the extreme circumstances.

The impact of the pandemic led to the redeployment of
the staff and resources due to the treatment of symptomatic
patients with COVID-19, which had a significant impact
on the reduction of the total number of operations in many
hospitals around the world, which was mostly reflected in
reduced number of elective non-emergent, vaginal and

‘ DOI: https://doi.org/10.2298/SARH230320043D

tive reasons why they are performed less than expected in
pandemic settings. Firstly, it is necessary to have appro-
priate equipment and trained personnel at your disposal.
Also, one needs to properly select patients in who MIS will
provide good results. Suspicion of ovarian malignancy;,
adnexal masses larger than 10 cm, larger pelvic tumors,
scars and adhesions from previous operations represent
some limitations for the laparoscopic approach [10, 11].
The training and experience of the surgical and anesthe-
siology teams are also important factors influencing the
ratio of the number of abdominal and laparoscopic hys-
terectomies [12].

Also, due to the high incidence of COVID-19 in the
general population, the possibility of dispersal of infected
droplets and aerosols during laparoscopic surgery has once
again become a topic of discussion in scientific circles [13].
Laparoscopy involves creating a pneumoperitoneum with
carbon-dioxide insufflation and previously studies have
demonstrated the presence of viral DNA such as that of
hepatitis B virus and human papillomavirus in surgical
smoke [14]. Thus, the aerosol could potentially be contam-
inated with the SARS-CoV-2 virus due to even minimal
leakage of CO,, as well as smoke generated during energy
devices use, leading additionally to a temporary shift in
tavor of open surgery [7].

On the other hand, a systematic review by Matta et al.
[15] on COVID-19 transmission via surgical smoke dur-
ing laparoscopy found no cases of viral transmission in
the operating theatre. However, a potential risk exists, and
caution should be exercised while further investigations
are conducted.

The pandemic also brought up potential socio-demo-
graphic problems. One American study showed significant
difference in the decline in the number of hysterectomies
among different races, which showed how hospitals priori-
tized certain gynecologic surgeries as elective [16].

Additionally, postponing scheduled operations and the
fear of contracting SARS-CoV-2 in hospitals may lead to
significant anxiety according to a survey including 16
European countries [15]. Also, a day case hysterectomy
has been successfully proposed in order not to delay elec-
tive surgery as a solution due to redistribution of staff and
capacity of hospitals [17].
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Impact of COVID-19 pandemic on changing the ratio of abdominal, vaginal, and laparoscopic hysterectomies

CONCLUSION

The COVID-19 pandemic decreased the total number of
hysterectomies at our clinic. The number of vaginal and
laparoscopic hysterectomies compared to classical, total
abdominal hysterectomies was significantly reduced in
Serbia, as well as all around the world, due to the enormous
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YTuuaj nanaemuje Kouga 19 Ha npomeHy ogHoca 6poja abAoOMUHANHUX, BarMHANIHUX

M NaNapoCKONCKUX XMCTePeKTOMMja

MwunaH [okuh'2, BpaHucnas Munoweswuh'?, JosaH buna'?, fparvwa LLmbuBanuaHnH'?, Ypow Kapuh?3, Anekcangpa benecnnt’
'YHUBep3uTeTCKM KNMHNYKN LeHTap Cpbuje, KnHika 3a ruHekonorujy v akywepctso, beorpag, Cpbuja;

2YHnBep3uTeT y beorpaay, MegnunHcku pakyntet, beorpag, Cp6uja;

YHnBep3UTETCKI KNMHUYKM LieHTap Cpbuje, KnnHuKa 3a nHdeKTuBHe 1 Tponcke bonectw, beorpag, Cpbuja

CAXKETAK

YBop lNaHaemuja n3a3BaHa BYPYCOM KOPOHa 0BENa je A0 Tora
Aa BehrHa 6onHuLa y cBeTy 06ycTaBy MY 3HaYajHO CMakby
pefoBHe aKTVBHOCTY.

Linrs paga je 6uo fa ce aHanv3vpa yTrLaj naHgemmje Ha OgHOC
6poja bonecHuLa Ko Kojux je ypaheHa xuctepekToMuja Knacuy-
HOM (abZOMVIHAIHOM) U MHUMAHO UHBAa3NBHOM XVPYPrijoMm
(nanapoCKONCKM 1 BarMHanHu NpucTyn) y KNnH1Lm 3a ruHeKono-
rvjy 1 aKyLLepCcTBO YHUBEP3UTETCKOT KNMHUYKOT LieHTpa Cpbuje.
Mertope YkynHo 2446 xucTtepektomuja ypaheHo je Tokom ne-
pvioga o net roguHa. CTyauja aHanusvpa bonecHue Koje cy
MMane XMCcTepekToMUjy y nocsiefilbux neT rogmHa nopegehn
6poj 1 BpCTy onepavyja npe 1 TOKOM NaHgemuje.

Pesynrtatu YkynaH nag 6poja onepucaHuix 6onecHuua 6uo je
Haj3pakeHnju TOKOM MpBe roguHe naHgemuje. Y Bpeme naH-

DOI: https://doi.org/10.2298/SARH230320043D

aemuje, 2020. 1 2021. roguHe NocToju cTarHauwja y 6pojy Ba-
TVHANHUX V1 JTaNapOCKOMCKKX XMCTEPEKTOMUja, AOK Ce benexu
nopact 6poja abAOMMHANHNX XUCTEPEKTOMU]ja. YCTaHOBIbEHa
je BcoKo 3HauajHa pasnuka (p < 0,01) nsmehy abgomvHanHNx
11 BarvHanHux, Kao 1 n3mehy abfoMyHanHNX 1 eHLO0CKOMCKNX
XMCTepeKToMYja.

3aksbyuak [nobanHu yTmuaj naHgemmje je 36or 36purrbaBama
CYMNTOMATCKUX 6oNecHrKa ca KoBuaom 19 goBeo Ao npepa-
crnopehrBama 0cob/ba 1 pecypca, WTO je 3HauajHo yTuuano
Ha CMakbere YKynHor 6poja onepatmja y MHOr“m 6onHMLaMa
LWMPOM CBETa, a TO Ce HajBULLEe OAPA3MIO Ha eNIeKTUBHE, He-
XWUTHE CiyyajeBe.

KrmbyuHe peun: KoBuf 19; ruHeKonoLKa xmpypruja; nanapo-
cKonuja
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Oral intake of bovine lactoferrin alleviates
intestinal injury induced by perinatal hypoxia and
hypothermia in newborn rats

Nenad Barisi¢'? Vesna Stojanovic¢'?, Slobodan Spasojevi¢'?, Milica Milojkovi¢'?,
Tanja Radovanovi¢'?

'University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;
Znstitute for Child and Youth Healthcare of Vojvodina, Novi Sad, Serbia

SUMMARY

Introduction/Objectives To investigate whether oral administration of lactoferrin attenuates intestinal
injury induced by perinatal hypoxia and hypothermia.

Methods Newborn Wistar rat pups were exposed to perinatal asphyxia, followed by global hypothermia.
The pups were distributed into two groups: lactoferrin group (LG) - pups that received lactoferrin orally
for seven days (20 mg/day), control group (CG) - pups that received normal saline orally during first seven
days of life. After seven days macroscopic examination of the bowels and pathohistological analyses of
tissue samples have been performed.

Results The incidence of macroscopic injuries was significantly lower in LG group compared to CG. The
incidence of pathological findings, as well as the values of injury scores used to assess the intensity and
extent of intestinal injury at microscopic level were significantly lower in LG group.

Conclusions Lactoferrin attenuates perinatal hypoxia/hypothermia-induced intestinal injury in newborn

rats.

Keywords: lactoferrin; intestinal injury; perinatal hypoxia; hypothermia; neonatology

INTRODUCTION

Close to 80% of all neonatal deaths are due to
three leading causes: prematurity and low birth
weight, perinatal complications and asphyxia,
and infection with variations according to
the region and neonatal period [1]. Perinatal
asphyxia, especially when combined with un-
controlled accidental hypothermia, may result
in decreased perfusion of the gastrointestinal
tract, manifesting with vomiting, diarrhea, gas-
trointestinal hemorrhage and even necrotiz-
ing enterocolitis (NEC). The incidence of these
events among the neonates born in perinatal
asphyxia is around 29% [2].

Intestinal injury caused by hypoxia/reperfu-
sion has been studied in various animal and hu-
man models [3-6]. The first histological mani-
festation of intestinal ischemia is the appearance
of small gaps in subepithelial space at the tips of
the villi followed by the loss of mature entero-
cytes. If ischemia lasts long enough, process ex-
tends to the base of the villi and causes complete
destruction of the villi. Enterocytes located at
the top of the villi are most susceptible to injury.
Death of enterocytes during hypoxia/reperfu-
sion is a consequence of apoptosis or anoikis
(i.e., apoptosis induced by separation of the cells
from its natural niches and loss of interplay with
the extracellular matrix) [5]. The last mecha-
nism is responsible for the death of enterocytes
during hypoxia and apoptosis causes cell death
during the reperfusion phase.

Upon termination of hypoxia, in reperfusion
phase, the process may go in two directions: mi-
gration and proliferation of enterocytes and re-
establishment of the continuity of the intestinal
epithelium, or amplification of inflammatory
response, with neutrophil infiltration and acti-
vation of the complement system, what favors
apoptosis and leads to further deterioration of
the initial epithelial injury and culminates into
destruction of all layers of intestinal wall [7].

Hypothermia impairs digestive function
and prolongs gastric emptying [8]. At the cel-
lular level, the effects of hypothermia on the
gastrointestinal tract are the consequence of
redirection of the blood, hemoconcentration,
reduction of blood flow and oxygen supply.
This initiates a cascade of cellular injury and
leads to cell death.

Lactoferrin (LF) is one of the most represent-
ed and important bioactive proteins in human
and mammal milk. In humans, it is responsible
for several actions targeting anti-infective, im-
munological, and gastrointestinal domains in
neonates, infants, and young children. Evidence-
based data vouch for the ability of supplemented
LF to prevent sepsis and NEC in preterm infants
and to reduce the burden of morbidity related
to gastrointestinal and respiratory pathogens in
young children [9]. LF exists in two forms, as
iron (Fe) saturated holo-lactoferrin and as apo-
lactoferrin that do not contain Fe. Two forms
of LF differ in their tertiary configurations.
LFs of different species differ in secondary and
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tertiary configurations, mostly in the degree glicolization.
For potential medical and research purposes in humans,
most commonly are used bovine LE, human milk LF and
recombinant human LE LF has diverse biological actions:
non-specific defense against bacteria, fungi, and viruses,
immunomodulation, modulation of cell proliferation and
activation of gene transcription [10]. Action of LF is medi-
ated by several types of LF receptors (LFRs). These receptors
modulate inflammation by affecting cell signaling systems,
gene expression and transcription of the DNA and post-
transcriptional protein processing [11]. The main LFRs are
sulfonated proteoglycans that bind up to 80% of the avail-
able LF [12]. Especially important LFR, which is present in
the enterocytes, is low-density lipoprotein receptor related
protein (LDR) whose activation promotes cell mitosis [13].
It is important to note that enterocytes have specific LFR,
which is a protein of 34 kDa and which activates the Ras-
dependent extracellular signal regulated mitogen activated
protein kinase (Ras-ERK) signaling cascade and stimulates
proliferation and synthesis of antiapoptotic proteins. Human
LF shares ~70% sequence homology with bovine LF [14].
Bovine LF binds to human LFRs and produces all biological
effects as LF from human milk [15].

The aim of this experiment was to examine if oral ap-
plication of LF during the first week of life will reduce
incidence and extent of intestinal injury caused by hypoxia
in combination with hypothermia.

METHODS

We used adult female Wistar rats and their pups. Females
that were in the proestrus phase were mated with sexually
mature males (coupled in the same cage for 24 hours and
then separated). On the 22nd day of gestation, pregnant
females were induced in general anesthesia with ketamine
(90 mg/kg) and laparotomy was performed. Blood vessels
of the uterus were ligated and the wombs were immedi-
ately submersed in a bath tub with 0.9% NaCl heated at
38°C and kept in those conditions for 15 minutes. Pups
were delivered by Cesarean section. Immediately after the
birth, the pups were reanimated (sweep, aspiration, tac-
tile stimulation). Upon initial reanimation, rapid cooling
was conducted in a Styrofoam padded box with adjustable
cooling cartridge. Core body temperature of the pups was
continuously controlled and measured with rectal probes
(RET-3, rectal probe for mice; Physitemp Instruments
LLC., Clifton, NJ, USA) and was kept at 32°C. The total
duration of hypothermia was one hour, following which
the pups were gradually warmed (0.5-1°C/h) in the ther-
mostat, to a normal rectal temperature of 38°C.

The pups were randomly designated in two groups:

1. LF group (LG): 10 pups who survived perinatal hy-
poxia, exposed to hypothermia, and fed via orogastric tube
with 0.2 ml of 10%-suspension (20 mg) of bovine LF (apo-
lactoferrin form of LF; Jarrow Formulas®, Los Angeles, CA,
USA) in 0.9% NaCl, once daily. The first dose of LF was
given one hour after the birth. Subsequent doses of LF were
administered at regular intervals of 24 hours.

‘ DOI: https://doi.org/10.2298/SARH221212039B
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2. Control group (CG): 10 pups who survived perinatal
hypoxia, exposed to hypothermia and fed via orogastric tube
with 0.2 ml of 0.9% NaCl, once daily. The first dose of nor-
mal saline was given one hour after the birth and subsequent
doses were administered at regular intervals every 24 hours.

After they were adequately labeled, the pups were hand-
ed to surrogate mothers. The pups from both groups were
breastfed by surrogate mothers, ad libitum. The pups were
sacrificed on the seventh day of life when laparotomy was
made.

Intestines were examined for the presence of any mac-
roscopic changes (discoloration, bleeding, distension or
stenosis).

Three tissue samples from the distal part of the ileum
(the last 2 cm proximal to the ileocecal valve) were taken
from each animal (total of 30 samples in each group).
Histological sections were stained with hematoxylin-eosin.

Post-hoc sample size and study power calculation
showed that minimum sample size for ideal study power
of 80% is 36 histological samples per study group. In our
case, 30 specimens were obtained per study group, what
sets the study power at the level of 73%. For analysis of
macroscopic changes, inclusion of 10 animals per study
group, sets study power at 81.7%.

Mucosal injury was assessed in a blinded manner by
pathologists. Mucosal injury was quantified using the
score previously described by Chiu et al. [3] (0 - indicates
absence of mucosal injury (normal finding), values 1-5
indicate different degrees of mucosal injury, 5 being the
most devastating).

To access the areal (superficial) distribution of the in-
testinal injury and compare it between animals, we derived
an additional variable - cumulative injury score, defined as
the number of positive findings among three histological
samples taken from the same animal.

Data are presented as absolute numbers, frequencies,
percentages or means + 2SD. Fisher’s exact test, Z-test and
Wilcoxon signed-rank test were used for statistical analysis,
as appropriate.

The experiment was approved by the Ethical Committee
for Animal Care and Use of the University of Novi Sad
(approval No 01-237/6).

RESULTS

Macroscopic changes

Discoloration of the intestine was observed in 20% of ani-
mals from LG and in 80% of animals from CG. This differ-
ence was statistically highly significant (Fisher’s exact test;
p = 0.0007). Other macroscopic changes of the intestines
(bleeding, intestinal distension, and stenosis) were not ob-
served in any animal.

Mucosal injury score

Normal histopathological findings were described in
26.67% (8/30) of histological samples in the LG group,
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while in the CG were observed in 3.33% (1/30) samples.
This difference was statistically significant (Z-test; Z-score
is 2.5309; p = 0.0114).

The mean value of mucosal injury score in the LG group
was 1.033 + 1.300. The average value of mucosal injury
score in the CG was 2.533 + 1.363.

The values of mucosal injury scores were significantly
lower in group LG (Wilcoxon signed-rank test; p < 0.001),
indicating less severe injury in animals from the LG.
Distributions of values of mucosal injury scores, in both
groups are shown in Figure 1.

Cumulative injury score

Normal histopathological findings in all three tissue
samples taken from the same animal, were not observed
in neither group (there were no animals with cumulative
injury score 0).

The mean value of cumulative injury score in the LG
group was 1.500 * 1.054. The average value of cumulative
injury score in the CG was 2.900 + 0.632.

The values of cumulative injury scores were significantly
lower in group LG (Wilcoxon signed-rank test; p = 0.005).
Distributions of values of cumulative injury scores in both
groups are shown in Figure 2.

DISCUSSION

The objective of this study was to investigate whether oral
administration of LF attenuate intestinal injury induced by
perinatal hypoxia and hypothermia. In this experiment,
application of LF was initiated one hour after hypoxia and
after process of reperfusion has already begun. LF was ad-
ministered via orogastric tube, once daily, during a one-
week period. It was observed that macroscopic changes of
the intestines were more often present in animals that were
not fed with LE. The indicators, used to assess the inten-
sity and extent of intestinal injury, showed that intestines
were significantly less damaged in animals treated with LE.
The animals received 20 mg of LF daily (cca 2000 mg/kg/
day). As estimated by the Clark’s formula, this dose of LF
is equivalent to human dose of 280 mg/kg/day.

In similarly designed experiments conducted by other
authors, similar or analogous doses of LF have been ap-
plied to experimental animals. For example, Sarkar et al.
[16] showed that supplementation with bovine LF in early-
life (first seven days, 100 mg/day) with or without added
probiotic, reduced the mortality in the suckling piglets by
promoting the systemic immunity and enhancing the in-
testinal integrity.

Cerven et al. [17] studied possible adverse effects of
oral administration of LF (1000 mg/kg/daily), during a
four-week period. Their results showed no toxic or adverse
effects on nutritional, hematological or biochemical status
of experimental animals.

In a recently published review article by Ashraf et al. [18]
the authors stated that the European Food Safety Authority
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Figure 1. Minimal and maximal values, medians and inter-quartile
ranges of mucosal injury scores in lactoferrin group (LG) and control
group (CG); center lines show the medians; box limits indicate the 25th
and 75th percentiles as determined by R software; whiskers extend
1.5 times the interquartile range from the 25th and 75th percentiles,
outliers are represented by dots; crosses represent sample means;
bars indicate 95% confidence intervals of the means; data points are
plotted as open circles
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Figure 2. Minimal and maximal values, medians and inter-quartile
ranges of cumulative injury scores in lactoferrin group (LG) and control
group (CG); center lines show the medians; box limits indicate the
25th and 75th percentiles; whiskers extend 1.5 times the interquartile
range from the 25th and 75th percentiles, outliers are represented by
dots; crosses represent sample means; bars indicate 95% confidence
intervals of the means; data points are plotted as open circles

approved bovine LF as a safe novel food additive for infant
formula at the level of 1000 mg/], and recommend that the
highest intake of bovine LF for infants should be 1.1 g/day.
Referring to different literal sources, the same group of
authors suggested that LF produce desired positive effects
when it is added to infant formula at the level of 850 mg/I or
600 mg/kg/day (what is twofold higher dose than estimated
human dose used in our study) [18].

In serval in vitro experiments, it was found that, in
dose-dependent manner, LF stimulates proliferation and
differentiation of intestinal epithelium by interfering with
the processes of DNA transcription, promotes produc-
tion of transformational growth factor-p1 and secretion
of interleukin-18. The 2017 Cochrane review included six
randomized controlled trials, and meta-analysis suggested
that substantial reductions in late-onset infection and NEC
was associated with LF supplementation in very preterm
infants [19]. Other experiments showed that LF reduces
production of free radicals and lipid peroxidation products
and thereby minimizes the effects of inflammation on in-
testinal mucosa [20]. Experiments on adult rats, conducted
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by Zhang et al. [20], demonstrated that orally administered
LF had protective effect on intestinal ischemia-reperfusion
injury if LF was applied prior induction of hypoxia (as pre-
medication, during preparation for elective surgery of the
intestine). This protective effect was dose-dependent and
was attributed to inhibition of pro-inflammatory cytokines,
inhibition of apoptosis and increased local production of
tissue antioxidants.

The exact mechanism through which LF exerts protec-
tive effect on enterocytes has not been fully elucidated. In
the intestine LF is partially degraded to polypeptide frag-
ments that bind to receptors on the enterocytes, lympho-
cytes and dendritic cells, and trigger intracellular signaling
cascades, stimulate proliferation and suppress proapoptotic
processes, thus maintaining the integrity of the intestinal
barrier. LF can be transported into the cytoplasm or the
nucleus of cells, where it can bind to DNA and alter ex-
pression of genes, including those that control apoptosis
and cell death [21]. LF modulate expression of more than
twenty genes associated with immune response, suppresses
the production of tumor necrosis factor alpha (TNF-a) and
Interleukins IL-1p, IL-6 and IL-8 in human mononuclear
cells and improves production of IL-10 and IL-4 [22]. LF
stimulates increased intestinal stem cell marker Lgr5 +
expression and increased nuclear B-catenin - indicating
upregulated Wnt pathway, as well as increased Ki67 posi-
tivity, suggesting enhanced proliferation [23]. By binding
to micro-organisms or their toxic products, LF directly
regulates composition of intestinal microbiome [12].

In our experiment, we used iron-free form of bovine LF
(apolactoferrin). The question arises whether exogenous LF
may interact with the LFRs on human enterocytes and cause
any biological effect? Jiang and al. demonstrated that both
forms of human LFs bind to receptors on human enterocytes
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OpanHa npumeHa roseher nakTodpepuHa aenyje NPoTEKTUBHO Ha owTeherbe Lpesa
MHAYKOBaHO NepunapTasiHOM XMMOKCUjOM M XUNOTEPMMjom Koa, HoBopoheHux

nayoBa

HeHap bapnwnh'? BecHa CrojaHoBuh'?, CnobogaH Cnacojeuh'2, Munuua Munojkosuh'? Tarba PagoBaHoBUR'?

'YHuep3utet y HoBom Cagy, MeanunHcku pakyntet, Hosu Cag, Cpbuja;
2/HCTUTYT 3a 34PaBCTBEHY 3alUTUTY feLle 1 oMnaguHe BojsoguHe, Hosu Cag, Cpbuja

CAXETAK

YBoa/Uusmb L papa je 6vio nctpaxxuti fa nv opasnHa nprime-
Ha nakTodpeprHa yonaxasa MHTECTUHANHO olwTehere 13a3BaHo
nepvnapTasHOM XMMOKCKjOM 1 XMMOTEPMIjOM.

MeToge MnagyHuu naLoBa coja BUCTap Cy ofmax no pohery
M3N0XeHW Xnnokcmuju/acouKkcmjn n robanHoj xmnotepmuju.
PacrnopeheHu cy y ABe rpyne: nakTopepyiH rpyna — MnagyHLm
Koju Cy npumanu naktodepuH opasnHo TOKOM cefiam faHa (20
mg/AaH) N KOHTPOJHA rpyna — MAagyHLW Koju Cy npumany Gpu-
3110/TOLLUKM PacTBOP OPaiHO TOKOM NPBYUX CefjaM AaHa XVBoTa.
Mocne cenam faHa ypaheHu cy MakpOoCKONCKM Npernes Lpesa
1 NaTOXMCTONOLLKA aHan3a y3opaka TK1Ba.
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Pesyntatu VHumaeHUmja Makpockonckux owTehera 6una je
3HaYajHO HIXKa y rpynv MiaayHaLa Koju cy npumany faktode-
PVIH Y OAHOCY Ha KOHTPOJHY rpymy. IHumAeHLMja NaToNoLWKmX
Hanasa, Kao 1 BPeAHOCTY XUCTONOLIKNX CKOPOBa KOju Cy KOpu-
wheHwn 3a NpoLeHy UHTEH3KTETa U 0buMa owTehera LpeBa
6une cy CTaTUCTNYKM 3HAYajHO HIKe Y TPy KOja je TpeTupaHa
nakTodeprHoOM.

3aksbyyak JlakTodepuH ybnaxasa HTECTVHaNHY NOBpeay
13a3BaHy nNepunapTanHOM XUMOKCMjOM/XNNOTEPMUjOM KOA,
HoBopoheHux naLiosa.

KmbyuHe peun: naktodpepuH; owtehere LipeBa; nepunapTanHa
XWUMNOKCKja; XMMOTePMUja; HeOHaTosoruja
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SUMMARY

Introduction/Objective Adhesive capsulitis (AC) is a condition characterized by pain and significant
reduction in active and passive movements in the glenohumeral joint, especially in external rotation. It
is one of the most common and challenging clinical disorders encountered by orthopedic surgeons. AC
is predominantly an idiopathic condition and has an increased prevalence in women and patients with
diabetes mellitus and hypothyroidism. The etiology and pathogenesis are not entirely clear. Treatment
options include conservative and surgical approaches, but the results remain controversial.

Methods The study included patients treated for primary (idiopathic) AC from June 2021 to June 2023 at
the Kosovska Mitrovica Clinical Hospital Center. A total of 172 patients were treated. All were managed
non-operatively with physical therapy and local intra-articular steroid injections. The patients were fol-
lowed up on an outpatient basis monthly, then at six months, one year, and two years.

Results All patients were divided into two groups. The first group (87 patients) underwent physical pro-
cedures, while the second group (85 patients) received intra-articular corticosteroid injections. Patients
that were treated with physical therapy were not administered injections of steroids, while the group of
patients treated with corticosteroids were not given physical therapy. Patients were selected through
randomization.

Conclusion Steroid injections may be beneficial in the early stages of the disease, especially in the first 6-8
weeks, but long-term results did not show any significant difference between the two groups of patients.
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INTRODUCTION

Primary adhesive capsulitis (AC) of the shoul-
der, or “frozen shoulder;” is an aseptic inflam-
mation of the joint capsule. It was first de-
scribed in the late 19th century as a condition
that is “difficult to define, difficult to treat, and
difficult to explain” [1, 2, 3]. AC is a common
cause of shoulder pain, restricted mobility, and
disability [4]. The characteristic feature of this
disease is spontaneous chronic pain with a
gradual and progressive loss of both active and
passive movements in the shoulder joint [2].
The prevalence of AC ranges 2-5% of the gen-
eral population, although estimates vary from
0.5% to as high as 10% [3, 4]. It is about three
times more common in the female population,
usually occurring between the fourth and the
seventh decade of life, but patients’ ages can
range 27-85 years [5]. It can be primary (idio-
pathic) or secondary. Primary idiopathic frozen
shoulder (FS) is often of unknown cause but is
frequently associated with other diseases and
conditions, such as diabetes mellitus, and can
be the first presentation in diabetics. According

to some data, up to 20% of patients with dia-
betes mellitus develop AC [6, 7, 8]. Secondary
AC can occur after shoulder injuries or immo-
bilization (e.g. rotator cuff tendon tear, biceps
tenosynovitis and calcific tendinitis, hemipa-
resis) [9, 10]

Despite its prevalence, FS is one of the least
understood shoulder conditions. Its defini-
tion, classification, pathophysiology, diagno-
sis, natural course, treatment, and prognosis
remain controversial [9]. Optimal treatment
for AC has been the subject of significant de-
bates, especially because the condition tends to
resolve spontaneously months after the onset
of symptoms [6]. The primary goal of the study
was to compare the therapeutic effectiveness
of local corticosteroid application and physical
therapy in the treatment of AC.

METHODS

A prospective study included 172 patients
who were randomly divided into two groups
through randomization. Randomization was



Analysis of patients with adhesive capsulitis treated at the Kosovska Mitrovica Clinical Hospital Center over a two-year period

performed after obtaining written consent from study
participants. Each patient completed a questionnaire that
included the Oxford Shoulder Score. The patients were
followed up on an outpatient basis over a two-year pe-
riod from June 2021 to June 2023. The study extracted
the following data: demographics (sex, age), duration of
symptoms before treatment, comorbidities (diabetes mel-
litus, hypothyroidism), interventions (location and number
of injections, doses and volume of corticosteroids, types
of corticosteroids), assessment periods, and outcomes.
Patients under 18 years of age, those with contraindica-
tions for corticosteroid therapy, patients with secondary
AC (inflammatory, degenerative, metabolic), individuals
in whom AC developed as a result of shoulder fractures,
were not included in the research.

For all patients, a detailed medical history was taken
upon admission, a complete clinical examination of the
shoulder was performed, routine radiography and ul-
trasound examination were conducted. Inclusion cri-
teria for the study were pain and limited range of mo-
tion. Symptoms were required to be present for at least
five months before the start of the study. Shoulder pain
should have been present at least 50% of the time during
the day, with pain occurring on acute shoulder elevation,
night pain, and pain during passive movements in at least
two directions (abduction, flexion, external and internal
rotation). Passive movements in the shoulder should have
been reduced by more than 30%.

The following physical procedures were used: transcu-
taneous electrical nerve stimulation, mobilization tech-
niques, active range of motion exercises, and cryotherapy
(application of ice).

We first anesthetized the skin of patients receiving corti-
costeroids with 2% lidocaine. Then, using ultrasound guid-
ance, with 21-gauge needles, 2%2-3“ in length, we applied
previously prepared solutions of betamethasone (7 mg/ml)
into the intra-articular space of the shoulder joint. The
injections were administered in outpatient conditions with
the complete application of all antiseptic methods. The
patient was positioned on their back with the arm by their
side and in a sitting position with the arm straight in a
neutral position. The first injection was given at the begin-
ning of the treatment, the second after a month and a half,
and the third three months after the first examination. We
continued the follow-up of the patients on an outpatient
basis in the sixth month, then in the

Decision No. 1814/11). Written consent to publish all
shown material was obtained from the patients.

RESULTS

Depending on the type of variables and the normality of
their distribution, data description is presented as n (%),
mean * sd, or median (min-max). Statistical hypothesis
testing methods used included t-test, Mann—-Whitney test,
x> test, and Fisher’s exact test. Logistic regression with
mixed effects was employed for modeling the relationships
between dependent variables in repeated measurements
and potential predictors. In multivariate regression models,
predictors from univariate analyses that were statistically
significant at a significance level of 0.05 were included.
Statistical hypotheses were tested at a significance level
(alpha level) of 0.05. All data were processed using IBM
SPSS Statistics for Windows, Version 22.0 (IBM Corp.,
Armonk, NY, USA) or the R programming environment
(R Core Team, 2018).

During the study, we analyzed demographic data (sex
and age). There were a total of 113 female participants
(65.7%), while there were 59 males (34.3%). The youngest
patient was 38 years old, and the oldest one was 69 years
old, with a mean age of 53.76 years (Table 1).

The time from the onset of the first symptoms to the
first examination lasted from five to 12 months with an
average value of around eight months (Table 2).

The majority of patients with AC had diabetes mellitus
(35 of them, 20.3%), 16 patients (9.3%) had issues with re-
duced thyroid function along with AC, while a total of 100
patients (58.1%) had no accompanying diseases. Glycated
hemoglobin (HbAlc) was determined for all patients. If
HbA1c was above 6.5%, the patient was classified as hav-
ing diabetes mellitus, following international guidelines
(Table 3).

Table 1. Sex distribution of patients

first and second years.

We confirm that we have read the
journal’s position on issues involving |,

ethical publication and affirm that this
work is consistent with those guide-

lines. All procedures performed in

studies involving human participants

were in accordance with the ethical

standards of the institutional and na-

tional research committee and with

Sex Frequency | Percentage Ll QUi
percentage | percentage
female 113 65.7 65.7 65.7
Valid | male 59 343 343 100
total 172 100 100 /
Table 2. Statistical indicator of pain-free period in adhesive capsulitis
X tests
Asymptotic . . .
Value | df sig)r,ﬁfirc)a nce I(E;a:l;:'dg) I(E;( asclctjzldg) P;)II?)FI'
(2-sided) probability
Pearson x? 0.003* | 1 0.960 1.000 0.544 /
Continuity correction | 0.000 | 1 1.000 / / /
Likelihood ratio 0.003 1 0.960 1.000 0.544 /
Fisher's exact test / / 1.000 0.544 /
;'S’;gi i:?i’gr']'”ear 0.003¢ | 1 0.960 1.000 0.544 0.127
N of valid cases 172 / / / / /

the 1964 Helsinki Declaration and
its later amendments or comparable
ethical standards (Ethics Committee
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20 cells (0%) have expected count less than 5; the minimum expected count is 29.16;
bcomputed only for a 2 x 2 table;
‘standardized statistic is 0.050
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Table 3. The relationship of comorbidities with adhesive capsulitis
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(B =4.232; p = 0.009) and younger partici-

Group pants (B =-0.270; p = 0.031) (Table 6).
Comorbidities Corticosteroids | Physical Total In the multivariate mixed-effect regres-
therapy sion model with pain improvement as the
Diabetes mellitus -2t 18 17 35 dependent variable, variables that were sta-
% within group 21.2% 19.5% 20.3% tistically significant in univariate models at
Hyperthyroidism count 6 10 16 the significance level of 0.05 were included.
% within group 7.1% 11.5% 9-3% Statistically significant predictors of pain im-
Rest count L 10 21 provement were the use of corticosteroids
% within group 129% 11.5% 12:2% compared to physical therapy (B = 8.481;
No comorbidities Z/Our?t - 500 500 10?) p < 0.001) and the absence of internal rota-
o within group 58.8% 57.5% 58.1% tion (B = -2.917; p= 0.022) (Table 7).
Total count 85 87 172
% within group 100% 100% 100%
Table 4. Statistical indicator of limited mobility in adhesive capsulitis DISCUSSION
X tests
Asymptotic | o | Exactsig.|  Point Despite its prevalence, FS is one of the least
/ Value | df S'?zn'f.';ag)ce (2-sided) | (1-sided) | probability understood shoulder conditions. It is a con-
Pearson x* 1053 OSI782 0.803 / / dition frequently encountered by rheuma-
Likelihood ratio 1.064 0.786 0.803 / y tologists, rehabilitation professionals, and
Fisher's exact test | 1.071 / 0.807 / / orthopedic surgeons. The term “frozen
Linear-by-linear oo1e | 1 0593 0501 01 0045 shouldef” is often used loosely ar.ld .mls'tak—
association : . : : . enly attributed to other shoulder limitations,
N of valid cases 172 / / / / / such as rotator cuff tears or osteoarthritis.
°0 cells (0%) have expected count less than 5; the minimum expected count is 7.91; Subacromial pathOIOgY (eg rotator cuff
*standardized statistic is -0.135 tendinopathy, subacromial bursitis, and
Table 5. The relationship between age and type of therapy impingement syndrome) can also closely
Case summaries resemble AC in its early stages [4]. AC is
Group N Mean Std. deviation Median | Minimum | Maximum known to be a benign and self—limiting dis-
Corticosteroids | 85 | 54.14 6.842 54 38 69 ease that spontaneously resolves in about
Physical therapy | 87 | 53.38 7.071 54 37 68 two years, but some patients remain symp-
Total 172 | 5376 6.949 54 37 69 tomatic, with significant movement restric-

All patients who participated in the study had shoulder
pain, often pain that was present even at night during the
resting phase. Restricted movement, primarily in terms
of external rotation, was present in 141 patients (82%),
followed by abduction in 82 patients, or 47.7%, internal
rotation in 47 patients (27.3%), and flexion in 53 patients
(30.8%) (Table 4).

The total number of patients receiving corticosteroids
was 85 (49.4%). Physical therapy was applied to 87 patients
(50.6%) (Table 5).

During the observed period, there was an increase in
the frequency of pain improvement (b = 1.423; p < 0.001),
especially in the corticosteroid group (b = 9.515; p < 0.001).
Overall, during the observed period, there was a signifi-
cant increase in the frequency of movement improvement
(b =1.736; p < 0.001), with the corticosteroid group hav-
ing a significantly higher frequency of pain improvement
(b =3.545; p = 0.001).

In the multivariate mixed-effect regression model with
movement improvement as the dependent variable, vari-
ables that were statistically significant in univariate models
at the significance level of 0.05 were included. Statistically
significant predictors of movement improvement were
the use of corticosteroids compared to physical therapy

‘ DOI: https://doi.org/10.2298/SARH240119035P

tions in the shoulder, even years after the
onset of the disease [11, 12]. Only 59% of
patients regain normal function after four
years [13]. The American Shoulder and Elbow Surgeons
define AC as a “condition of uncertain etiology character-
ized by significant restriction of both active and passive
shoulder motion in the absence of a known intrinsic shoul-
der disorder” [3]. AC is characterized by pain, typically
worsening at night, a poorly localized dull ache that can
radiate to the biceps [14]. Impaired range of motion with
forward flexion, abduction, external rotation, and internal
rotation is a cardinal clinical finding for AC. In advanced
disease, observing the patient’s gait may reveal a loss of the
natural swing of the arm during walking.

Diagnosis, pathophysiology, course, treatment, and
prognosis remain unclear [9]. Diagnosis is primarily clini-
cal, based on a well-taken history and a comprehensive
clinical examination, requiring a comparative examination
of both shoulders [15]. Ultrasonography has shown high
accuracy for diagnosing AC of the shoulder. Therefore,
it has the potential to be adopted as a desirable modality
in diagnosing FS [16]. The method is fast, inexpensive,
and offers dynamic possibilities for examining the subject
in multiple planes. The sonographic parameters studied
include the thickness of the coracohumeral ligament, in-
creased soft tissue in the rotator interval (static param-
eters), and restriction of abduction and external rotation
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Table 6. Mixed-effect regression models with movement improvement
as the dependent variable

X Univariant Multivariant

Variables

B P B p
Groups (Corticosteroids/PT) 3.545 | 0.001 | 4.232 | 0.009
Sex (female/male) -1.127 | 0.386 / /
Age -0.211 | 0.041 | -0.270 | 0.031
Time, symptoms, first diagnosis | -0.421 | 0.291 / /
Comorbidities
Without ggtfgg*;"rty /
Diabetes mellitus -1.586 | 0.328 / /
Hyperthyroidism -1.830 | 0.397 / /
Rest 0.436 | 0.821 / /
Pain before treatment 21.183 | 0.995 / /
Limited movement -20.465 | 0.997 / /
Outer rotation -0.836 | 0.609 / /
Inner rotation 1.595 | 0.251 / /
Abduction -2.581 | 0.051 / /
Flexion -0.981 | 0.461 / /

PT - physical therapy

Table 7. Mixed-effect regression models with pain reduction as the
dependent variable

. Univariant Multivariant

Variables

B P B p
Groups (Corticosteroids/PT) 9.515 | <0.001 | 8.481 | <0.001
Gender (female/male) -1.035 | 0.361 / /
Age -0.044 | 0.573 / /
g'ig"geﬁzir?ptoms' first 0.187 | 0588 | / /
Comorbidities/
Without referent category
Diabetes mellitus -1.328 | 0.337 / /
Hyperthyroidism -0.567 | 0.762 / /
Rest 0.043 0.980 / /
Pain before treatment 2428 | 0.653 / /
Limited movement - - / /
Outer rotation 1.795 0.196 / /
Inner rotation -3.103 | 0.021 |-2917| 0.022
Abduction 0.289 0.789 / /
Flexion -2.730 | 0.036 |-2.193| 0.055

PT - physical therapy

during dynamic scanning. AC diagnosis is clinical, and
the use of MRI should be reserved for evaluating other
sources of shoulder pathology rather than confirming AC
diagnosis [11, 14].

The pathophysiology of idiopathic AC is poorly un-
derstood [6]. For this reason, the treatment of this disease
remains controversial. Thus, determining the biological
pathophysiology of ES is a key milestone in developing new
treatments for patients with FS [12]. The pathophysiology
of this disease supports the theory that AC results from a
complex chain of events starting with inflammation lead-
ing to fibrosis and contraction of the shoulder capsule,
the so-called “inflammatory-fibrinous cascade” [3, 8, 14].
Collagen fibers adhere to the glenohumeral ligaments, ten-
dons, and joint surfaces, causing contracture and stiffness
of the joint. Therefore, even after inflammation subsides,
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adhesions persist, significantly restricting movements in
the shoulder [10]. It remains to be discovered what triggers
this cascade and leads to the acute onset of AC. Changes
also occur in the surrounding periarticular tissue involv-
ing ligaments, tendons, and muscles. As a result, we get
the FS. Patients cannot lift their arm above the shoulder,
throw a ball, perform a movement behind the back, make
a quick movement in the shoulder, and cannot sleep on the
painful side. The shoulder joint capsule in AC contracts
and significantly thickens, resulting in pain and stiffness
of the shoulder capsule, leading to a reduction in the range
of motion in the shoulder. Women with diabetes have a
25% chance of developing AC at least once in their lifetime.
Patients with diabetes are often described as having a wors-
ened disease course [5, 7, 10], explained by the theory that
diabetes mellitus is a chronically inflammatory condition
[11, 17], with an excessive concentration of glucose caus-
ing increased cross-linking of collagen and stabilization of
connective tissue [12].

Treatment goals include pain relief, restoring movement,
and regaining shoulder function [3]. Any treatment that
reduces the duration of the disease to less than 24 months
is considered a success in treatment, reflecting the severity
and complexity of treating FS, which hinders normal daily
activities for an extended period. Initial conservative treat-
ment can be successful in up to 90% of patients. Most cases
of AC can be treated within primary health care. Clinicians
are encouraged to initiate treatment with patient education.
In the initial inflammatory phase, it is crucial not to trig-
ger a more significant inflammatory response by treatment
procedures. The primary focus is to control pain and in-
flammation with analgesics and anti-inflammatory medica-
tions. In the second phase, when pain subsides, treatment
includes ultrasound, pulsed magnetic field therapy, shock-
wave therapy, transcutaneous electrical nerve stimulation,
laser, and interferential currents. Intensive stretching should
still be avoided at this stage. Only in the third phase of the
disease, an intensive physiotherapy protocol is implement-
ed to achieve the maximum range of motion, strengthen
muscles, and restore shoulder joint function [4, 12, 14].

When patients experience the most pain, steroid injec-
tions can be beneficial in the early stages of the disease (es-
pecially in the first six weeks). However, long-term results
show no significant difference between patients treated
with steroids and control groups treated with other non-
operative methods. Most studies used only a single corti-
costeroid injection, while two studies used multiple corti-
costeroid injections [5, 7]. Intra-articular corticosteroid is
widely used as a conservative treatment for AC due to its
cost-effectiveness and patient acceptance [8, 12]. As AC is
assumed to be an inflammatory and fibrotic disease, early
treatment with intra-articular corticosteroid injections may
reduce synovitis, limit the development of capsular fibrosis,
and alter the natural history of the disease [5, 8, 9]. Our
results confirm those reported by Van der Windt et al. [7],
showing that the beneficial effects of corticosteroid injec-
tion are superior to supervised physiotherapy programs.

Based on the pathophysiology of AC, it could be as-
sumed that corticosteroid injections would be most
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effective in the earlier inflammatory stages of the disease,
rather than in the later stages when fibrotic contracture is
more evident. In a study by Kim et al. [17], a significant
improvement in pain outcomes was observed after four
weeks in diabetic patients receiving intra-articular steroid
injections compared to those who did not receive any in-
jection (p = 0.020).

CONCLUSION

The AC commonly encountered in general orthopedic
practice is a condition of pain and stiffness with resultant
functional impairment. Appropriate decisions regarding
the treatment of AC require a comprehensive understand-
ing of pathophysiology, the patient’s overall health con-
dition, functional requirements, symptom severity, and
response to non-operative treatment. Most patients will
experience complete resolution with conservative treat-
ment; therefore, conservative therapy should be the first
option. Given the recent increase in risk factors for AC,
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such as diabetes mellitus, research is needed to investigate
whether the incidence of AC has also increased.

The results of this study show that in patients with AC
a single intra-articular injection of corticosteroids applied
under ultrasound guidance, along with a simple home ex-
ercise program, is superior to a physiotherapy program
in improving shoulder pain and function after six weeks.
Steroid injections may be beneficial in the early stage of
the disease (especially within the first six weeks). Other
important questions that remain to be clarified include
whether the accuracy of needle placement, anatomical
location, frequency, dose, and the type of corticosteroid
affect effectiveness. With our study, we provide compelling
evidence that intra-articular)corticosteroid is associated
with better short-term outcomes than other treatments,
with potential benefits extending into the medium term;
therefore, we recommend their early use with a concurrent
home exercise program. This can be complemented with
physiotherapy to further increase the chances of symptom
resolution within six months.
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AHanun3za 6onecHuUKa ca agxesmBHUM KancyMTUCOM I@YEHUX
y KanHnuko-60nHMuKom LeHTpy ,,KocoBcka MutpoBuua“ y gsoroguiubem nepuoay

[Jywan Metposuh'?, Cawa Oumnh?, Oejan Tabakouh?, Anekcangap boxosuh'? Mawwa Jakwuh?, MumbaH JaHkoBuh®

'KnuHnyko-6onHnykn LeHTap Kocoscka Mutposuua’, Knuhika 3a optonegujy u Tpaymatonorujy, Kocoscka Mutposuua, Cpbuja;
YHuBep3auTeT y MpuwtnHm - Kocoscka Mutposuua, MegnunHckn dakynter, Kocoscka Mutposuua, Cpbuja;
3KnuHnuko-60nHMYKM LieHTap, Kocoscka MutpoBuua’, KnuHuka 3a xupyprujy, Kocoscka Mutposuua, Cpbuja;
“KnnHnuko-60nHnuKmM LeHTap , MpuwtinHa - Mpavanuua’, Mpadanuua, Cpbuja;

SKnuHnuko-60nHMuKM LeHTap, Kococka Mutposuua’, KnuHuka 3a negujatpujy, Kocoscka Mutposuua, Cpbuja

CAMETAK

YBoa/Unmb Afxe3nBHU KancynuTrc je 6onect Koja ce Kapak-
Tepuiue 605I0M 1 3HaUajHUM OrpaHNYerbeM aKTBHUX U NacuB-
HUX MOKpPEeTa Y reHOXyMepanHOM 31100y, HAPOUNTO Y CMOJbHO)
poTauuju. To je jegaH of Hajuelwhnx, anv 1 BeOMa N3a30BHMX
KNHUYKKX nopemehaja ca Kojuma ce cycpehy opToneacku xu-
pyp3u. AGXe31BHY KancynmTyC je NPeTEXHO MANONATCKO CTakbe
1 uma nosehaHy npeBaneHLmjy KOA *eHa 1 Kog 6onecHmKa
ca fnjabeTecom MenuTycom v xunotrpeosom. ETnonoruja u
naToreHesa Cy HeJOBOJbHO jacHe. Jleuere je KOH3epBaTVBHO
1 XVPYPLLKO, aNnu Cy pe3ynTaTi 1 farbe KOHTPOBEP3HM.
MeTopge Y pap cy yKibyueHn 60neCHULM IeYeH Of NPYMapHOr
(nanonaTckor) aAxe3MBHOT KancynuTuca y nepuoay of jyHa
2021. fo jyHa 2023. roguHe y KnHNYKO-60/THUYKOM LIeHTPY
,Kocoscka Mutposuua“ YKyrnHo cy neyeHa 172 6onecHrika. Cu
Cy leyeH HeonepaTnBHO, pU3MKaTHOM TepanujoM U JIOKanHO
— UHjeKLMjoM CTeponAa, MHTpaapTuKynapHo. bonecHmnunma
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Koju cy neyeHn GU3MKanHOM TePANMjoM HUje arIMKoBaHa NH-
jekuwmja ctepomnpa, AOK rpynv 6onecHrKa Koju Cy neyeHmn Kop-
TUKOCTEPOMAMMA HUCMO YKIbyumBanv GpusnkanHe npoeaype.
BonecHuum cy npaheHn ambynaHTHO jejHOM MeceyHo, MoToM
Ha LecT MeceLy, FOAVHY AaHa 1 ABe rofuHe.

Pesyntatu CBe 6onecHnKe cmo nogenvnu y Ase rpyne. NMpsa
rpyna (87) 6onecHuka nogsprHyTa je dusvkanHum npouenypa-
Ma, OK Cy ApYyroj rpynu (85) annnkoBaHe HTPaapTUKynapHe
VHjeKLpje KopTuKocTepounaa. bonecHuum cy 6rpaHn paHgo-
MU3aLnjom.

3akibyuak VIHjekupje cTeponga Mory 6UTH of KOPUCTU Y PaHOM
nepuogy 605ecTi, HapoUmUTO y MPBYX LWECT JO 0CaM Hefesba,
anv ByropoyYHU pe3ynTaTi HACY NoKa3anu HUKAKBY Pasnnky
n3mehy aBe rpyne 6onecHuKa.

KmbyuHe peun: afixe3nBHM KancynmTuc; pame; GusmnkanHa te-
panwja; cTepougHa Tepanuja
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SUMMARY

Introduction/Objective The objective was to evaluate sonographic and laboratory findings as predic-
tors of complicated and uncomplicated appendicitis in order to decide on further treatment options.
Methods This is a retrospective cohort study of 174 pediatric patients who had laboratory tests and
ultrasound done before appendectomy during a one-year period. Results were compared with the intra-
operative and histopathological findings of complicated (gangrenous or perforated) or uncomplicated
(phlegmonous) appendicitis and assessed by binary logistic regression with backward elimination. The
initial model included eight predictors. After backward elimination four remained: periappendiceal fluid,
hyperechoic periappendiceal fat, white blood cell (WBC) count and C-reactive protein (CRP). The final
model included the interaction between periappendiceal fluid and hyperechoic periappendiceal fat.
Diagnostic performance of each parameter was presented with sensitivity and specificity.

Results Out of all patients, 86 had uncomplicated and 88 had complicated appendicitis (37 gangrenous,
and 51 perforated). In the final model three predictors were significantly associated with complicated
appendicitis: interaction between periappendiceal fluid and hyperechoic periappendiceal fat, WBC count
> 11 x 10%1, and CRP > 100 mg/I. Inclusion of interaction between periappendiceal fluid and hyper-
echoic periappendiceal fat excluded them as individual predictors. The maximum outside appendiceal
diameter of more than 6 mm had the highest sensitivity (93.2%), while wall thickness > 3 mm was the
most specific (95.2%).

Conclusion Using periappendiceal fluid and hyperechoic periappendiceal fat as sonographic predictors
and WBC and CRP as laboratory predictors can differentiate uncomplicated from complicated appendicitis
in children and help a physician decide on antibiotic or surgical treatment.

Keywords: ultrasound; laboratory parameters; complicated appendicitis; uncomplicated appendicitis;
children
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INTRODUCTION

Appendicitis is the most common cause for
emergency surgery in children. Certain labo-
ratory parameters [white blood cell (WBC)
count, C-reactive protein (CRP), total neutro-
phil count and procalcitonin] have predictive
value, but they are considered nonspecific [1,
2]. Many other nonsurgical and surgical entities
such as mesenteric adenitis, Crohn’s disease,
infectious enterocolitis, epiploic appendagitis,
omental infarction, intussusception, ovarian
torsion, and urolithiasis can cause pain in the
right iliac fossa. Therefore, combining clinical,
laboratory, and imaging findings remains es-
sential for the definitive diagnosis [3].

The interest in the non-operative manage-
ment of appendicitis has grown most likely
due to a growing number of randomized stud-
ies showing postoperative complications and
higher operative treatment costs. Additionally,
when using antibiotics as first-line therapy,
appendectomy can be avoided in significant

number of patients [4-8]. This non-surgical
approach is reserved for patients with uncom-
plicated appendicitis, without signs of gangrene
or perforation, while complicated appendicitis
treated this way leads to higher risk of surgical
complications and subsequent surgery [6, 9].

Because of its noninvasive nature, availabil-
ity, high diagnostic accuracy, lack of radiation
and contrast administration, ultrasonography
is the diagnostic modality of choice in pediatric
patients [10]. Studies have shown that it is a
reliable imaging method for the differentiation
of perforated and non-perforated appendicitis
when relying on highly specific findings such
as periappendiceal fluid and the loss of the
conspicuity of the echogenic submucosal layer
[11, 12, 13].

The aim of our study was to evaluate sono-
graphic and laboratory findings as predictors of
complicated and uncomplicated appendicitis in
order to decide on further treatment options.



Ultrasound and laboratory parameters in distinguishing complicated from uncomplicated appendicitis in children

Figure 1. Acute uncomplicated appendicitis in a seven-year-old boy with a one-day history of abdominal pain, vomiting, and diarrhea; axial (a)
and longitudinal (b) grayscale ultrasonography images of the right lower quadrant shows noncompressible 8 mm appendix with wall thicken-

ing and typical target sign

Figure 2. Grayscale axial ultrasonography images of the right lower
quadrant in a five-year-old girl with a one-day history of abdominal
pain shows a 7.4 mm in diameter noncompressible appendix with
hyperechoic periappendiceal fat (bold arrow), wall thickening, and
periappendiceal free fluid (thin arrow); complicated (perforated) ap-
pendicitis was found at appendectomy

METHODS

This is a retrospective cohort study done at a Tertiary Pedi-
atric Institution approved by Institutional Ethics Commit-
tee. This study included 174 patients aged 2-18 years who
had laboratory tests and ultrasound done by a pediatric
radiologist before appendectomy between January 2022
and January 2023.

Patient population

We used our hospital’s information system to review medi-
cal charts of all patients who received an ultrasound ex-
amination before the operation, had appendectomy dur-
ing the same hospital admission as sonography, and had
intraoperatively or histopathologically proven appendicitis.
Patients who had some data missing due to incomplete
data entry or had some alternative diagnosis proven (car-
cinoid), were excluded from the study, so the final number
of the patients was 174.
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Diagnostic protocol

Ultrasonography examinations were performed by one of
the attending radiologists from our department on Sie-
mens Acuson s2000 (Siemens Medical Solutions USA,
Inc., Malvern, PA, USA), using convex and linear trans-
ducers (2-6 mHz and 4-9 mHz). The whole abdomen was
scanned, with special interest for the right lower quadrant.
The grayscale images in long and short axis were made as
well as color Doppler images.

According to the previous studies we reviewed the fol-
lowing sonographic findings in each patient: the maximum
outside diameter, wall thickness, periappendiceal fluid,
periappendiceal hyperechoic fat, lymphadenitis and appen-
dicoliths [12, 13, 14]. The maximum outside diameter was
measured in short axis view and it was considered signifi-
cant when it was 6 mm or more (Figure 1). Wall thickness
was considered significant when measured over 3 mm.
Periappendiceal fluid was diagnosed in direct proximity of
the appendix, while periappendiceal hyperechoic fat was
defined as increased echogenicity of the tissue adjacent
to the appendix (Figure 2). Lymphadenitis was defined
as sonographically detectable lymph nodes. An appendi-
colith was diagnosed when we identified an intraluminal
hyperechogenic focus with an acoustic shadow (Figure
2). Because of the different therapeutic approach for pa-
tients with appendiceal abscess or inflammatory mass, they
were excluded from this study [15]. Laboratory findings
that were used as predictors were white blood cell (WBC)
count over 11 x 10%/1 and C-reactive protein (CRP) over
100 mg/1 [16].

Intraoperative and histopathological findings

Based on the intraoperative findings and histopathologi-
cal findings, appendicitis was classified into three groups:
phlegmonous, gangrenous, and perforated. Phlegmonous
appendicitis was defined by transmural neutrophil infiltra-
tion without gangrene and perforation, gangrenous ap-
pendicitis was characterized by foci of ischemia that cause
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Table 1. Distribution of age, sex, sonographic and laboratory findings

Cveji¢ S. et al.

Parameters Total (n=174) AUA (n = 86) ACA (n=88)
Age 12 (2.5-18) 9.3(2.5-18) 8.9 (4-18)
Male 108 (62%) 54 54
Female 66 (38%) 35 31
Maximum outside diameter (mm) 9.24 +2.53 9.51 +2.58 8.97 +2.54
Wall thickness > 3 mm 14 (8%) 6 (7%) 8 (9%)
Periappendiceal fluid 73 20 53
Periappendiceal hyperechoic fat 117 49 68
Lymphadenitis 76 43 33
Appendicoliths 38 17 21
White blood cell count 15.5+5.26 14.54 £5.22 18.16 £5.38
C-reactive protein level, med (min-max) 41.2(0.3-225) 23.30(0.3-225) 60.90 (2.2-225)

AUA - acute uncomplicated appendicitis; ACA — acute complicated appendicitis

gangrene. Perforation was determined by the presence of a
transmural defect. Phlegmonous appendicitis was consid-
ered to be uncomplicated while gangrenous and perforated
were designated as complicated [17].

Statistical analysis

All statistical analyses were calculated using the Statisti-
cal Package for Social Sciences IBM SPSS Statistics for
Windows, Version 23.0 (IBM Corp., Armonk, NY, USA).
Sonographic findings and laboratory parameters were
compared with intraoperative and histopathological find-
ings of complicated and uncomplicated appendicitis and
assessed by binary logistic regression. A backward variable
elimination was performed to determine a proper model
for the regression analysis. The initial model included eight
predictors: the maximum outside appendiceal diameter,
wall thickness, periappendiceal fluid, hyperechoic periap-
pendiceal fat, lymphadenitis, presence of appendicoliths,
WBC count and CRP level. After backward elimination
only four remained: periappendiceal fluid, hyperechoic
periappendiceal fat, WBC count and CRP level. In the
final step, third model was constructed by including the
interaction between periappendiceal fluid and hyperechoic
periappendiceal fat. In the final model there were three
significant predictors: WBC count, CRP, and interaction
between periappendiceal fluid and hyperechoic periap-
pendiceal fat. The threshold for assessing statistical sig-
nificance was set to 0.05. Diagnostic performance of each
parameter was presented with sensitivity and specificity.

RESULTS

There were 174 patients who met the inclusion criteria, 108
male (62%) and 66 female (38%). The age range was from
two years and six months to 18 years, with a mean age of 12
years. Out of all patients, 86 (49.43%) had histopathologi-
cally proven uncomplicated appendicitis, and 88 (50.57%)
had complicated appendicitis (37 gangrenous (21.3%) and
51 perforated (28.73%)). Mean maximum outside diameter
of appendix was 9.24 mm. Mean age of patients with com-

‘ DOI: https://doi.org/10.2298/SARH230926040C

plicated appendicitis was 8.9 years and was significantly
younger than the mean age of patients with uncomplicated
appendicitis which was 10.3 years (p < 0.005) (Table 1).

After the binary logistic regression was performed, the
following predictors showed significant correlation with
complicated appendicitis: periappendiceal fluid had odds
ratio (OR) of 4.93 with p < 0.001, hyperechoic periappen-
diceal fat (OR = 2.17, p = 0.047), WBC count > 11 x 10°/1
(OR =3.58, p =0.028), CRP > 100 mg/l (OR = 3.72,
p = 0.003). In the final model, we included interaction
between periappendiceal fluid and hyperechoic periap-
pendiceal fat which showed OR of 8.63 and p < 0.001. In-
clusion of interaction between these two variables excluded
them as individual predictors (Table 2).

Table 2. Binary logistic regression with backward elimination

Finding OR p value
Periappendiceal fluid 493 | <0.001
Hyperechoic periappendiceal fat 217 0.047
WBC count > 11 x 10%1 3.58 0.028
CRP > 100 mg/I 3.72 0.003
Interaction between periappendiceal fluid 8.63 | <0.001
and hyperechoic periappendiceal fat

OR - odds ratio; WBC - white blood cells; CRP - C-reactive protein

The maximum outside appendiceal diameter of more
than 6 mm was the most sensitive parameter of compli-
cated appendicitis (93.2%), but it had a very low specificity
(8.6%). When the diameter threshold was increased (over
6mm), the specificity values were higher, but had a con-
current decrease of sensitivity values. The most specific
(95.2%) sonographic finding for the complicated appen-
dicitis was wall thickness > 3 mm, with a lower sensitivity
(16.6%) (Table 3).

DISCUSSION

Some studies have indicated antibiotic-only treatment for
patients with uncomplicated appendicitis [5-9]. This has
made it necessary to establish clinical, laboratory, and im-
aging findings that would accurately distinguish it from
complicated appendicitis and ensure the complications
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Table 3. Sensitivity and specificity values of sonographic and laboratory findings

for acute complicated appendicitis

tem based on the Alvarado score and diagnosed
complicated appendicitis with sensitivity of 86.1%

Finding Sensitivity | Specificity | PPV | NPV and specificity of 90.4% when patients had a score
(%) (%) (%) (%) .
of 10.5 or higher.
MOD > 6 mm 93.2 8.6 49.7 333 . . . .
. Using the multivariate analysis, we were able
Wall thickness > 3 mm 16.6 95.2 57.1 75 . . .
. , . to conclude that the interaction between periap-
Periappendiceal fluid 61.4 76.8 75 64.7 . . . . .
: : - pendiceal fluid and hyperechoic periappendiceal
Periappendiceal hyperechoic fat 58.1 64.9 77.3 43 L K
— fat on ultrasonography is significantly associated
Lymphadenitis 38.2 50.6 44,7 439 K R Lo
P with complicated appendicitis. These results are
Appendicoliths 24.4 80.9 57.9 50 . ith th dby R 1
WBC count 11 x 10%/1 843 282 | 551 | 631 C?nswtent (vivu the ones p risente FY ;WO eet
CRP level > 100 mg/I 3295 93.1 828 | 595 al. [14] and Carpenter et al. [11]. Furthermore,

MOD - maximum outside diameter; WBC - white blood cells; CRP - C-reactive protein;

PPV - positive predicted value; NPV - negative predicted value

of non-surgical treatment of perforated appendicitis are
avoided. Even though computed tomography (CT) is still
widely used as an imaging modality of choice for appen-
dicitis [18, 19, 20], in our institution fewer than 5% of
patients undergo CT for this diagnosis. As a radiation-free
tool, operated by trained pediatric radiologists, ultraso-
nography is considered a method of choice in evaluating
pediatric patients with suspected appendicitis [21, 22].
Additionally, some publications show poor correlation
between CT reports of appendiceal perforation and in-
traoperative or histopathological findings [23].

In our study all 40 patients that had intraoperative or
histopathological findings of perforation were classified as
complicated appendicitis on ultrasonography. Moreover,
we proved that all the patients that had perforation, had at
least one of the following two ultrasonography parameters,
periappendiceal fluid and hyperechoic periappendiceal fat.
These results show high predictive value of the combina-
tion of these parameters as reported previously [11, 12].
On the other hand, when assessing the reports that were
classified as uncomplicated appendicitis, we found that
43 of them had both of the aforementioned parameters
negative, but only 32 of these patients (74.4%) had the
diagnosis proved histopathologically. These results indicate
that in order to rule out complicated appendicitis, some
other factors should be included in the decision-making
process. Most of the scoring systems, like the Alvarado
score and appendicitis inflammatory response score, were
developed to identify patients with appendicitis, discrimi-
nating it from non-appendicitis [24, 25]. Atema et al. [16]
presented a scoring system based on seven clinical and
ultrasonography features, with a cut-off value of six points,
which showed high sensitivity of 95%, but low specificity
of 45.7%. Diizgiin et al. [26] presented a new scoring sys-
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Ynotpeba ynTpassyKa u nabopaTopmjckux napameTapa y pa3sIMKoBaky
KOMN/AIMKOBAHOT M HEKOMNIMKOBAHOT aneHANLMUTICA KOA feLie

Codwja Lisejunh', MBaHa Jawwh', TujaHa Pagosuh'?, Bnagumnp Pagnosuh?3, Mapko Hukonos?, AHec [lypar?, MonuHa Masuhenh'
'YHuBep3uTeTCcKa fievja knuHrka, Cnyx6a 3a pagronorujy, beorpag, Cpbuja;

2YHneep3uTet y beorpaay, MeanunHcku pakyntet, beorpag, Cpbuja;

3YHnBep3uTeTcKa Aevja knuHuka, Cnyx6a 3a gevjy xupyprujy, beorpag, Cpbuja

CAMETAK

YBoa/uwmb Livsb papa je 61o eBanyupati yntpassyyHe U1 na-
6opaTopmjcke Hanase Kao NpeanKTope KOMMIMKOBAHOT 1 He-
KOMMJIMKOBAHOT aneHAULMTICA Y Liniby AOHOLLEHA OfTyKe O
[arbUM Tepanujckum moryhHocTma.

MeTopae Y 0By peTpoCneKTUBHY KOXOPTHY CTYAWjY YK/byYyeHa
cy 174 nepgujatpumjcka 6onecHvKa y nepuogy of roaviHy AaHa,
Kojuma cy ypaheHe nabopatopujcke aHanuse 1 ynTpassyyHm
npernep youum aneHgektomuje. BplueHo je nopebhetbe pesyntata
Ca MHTPaonepaTUBHYIM 1 XMCTONATOMOLIKIM Hana3om KOMMv-
KOBaHOT (raHrPeHO3HOT iy NepGopPaTVBHON) 1 HEKOMMMKO-
BaHor (bnermoHo3Hor) aneHgmumTMCca 1 paheHa je npoueHa
y3 nomoh 6uHapHe NorncTuYKe perpecuje ca enMMmnHaLImjom
yHa3ag. ViHuumjanHm moaen je yKibyurnsao ocam npegukropa.
HakoH envMmnHauuje yHasag, npeocTana cy YyeTmpu: nepura-
NeHAMKynapHa TeYHOCT, XnepexoreHa nepuaneHarKynapHa
macT, 6poj neykoumta u Li-peaktvisHu npotenH (LIPTT). KoHauHn
MOfeN je YK/byunBao 1 HTepakLuujy n3mehy nepraneHamky-
NapHe TEYHOCTY U XUNepexoreHe nepraneHanKynapHe MacTu.
[lnjarHocTnuKa BpeAHOCT CBAKOr NapamMmeTpa NpefCcTaB/beHa je
ceH3uTyBHOWRY 1 cneunduyHowhy.

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):270-275

PesynTatn Op cBrx 60necHuKa, 86 je Mano HeKOMMIMKOBa-
HY, @ 88 KOMMAVKOBAHN aneHANUMTUC (37 raHFPeHO3HU 1 51
nepdopatrBHM). Y KOHAYHOM MOZeny TPy NpeauKTopa cy buna
3HayajHO NoBe3aHa Ca KOMMINKOBaHUM aneHANLMTUCOM: UH-
TepaKuuja n3mehy nepraneHAnKynapHe TEUHOCTU U XUNePeXo-
reHe nepuaneHamkynapHe mact, 6poj neykouuta > 11 x 10°//
1 LIPM > 100 mg/I. YkibyumBame nHTepakumje namehy nepma-
neHAVKynapHe TEYHOCTU 1 XMMEepPeXoreHe nepraneHanKynap-
He MacTu UX je NCKIbYUMIIO Kao UHAMBUAYaNHe NPeanKTope.
Hajsehy ceH3nTUBHOCT of cBYX NapameTapa (93,2%) nokasao
je cnomalmby gnjametap aneHgmKkea > 6 mm, fOkK je Hajcne-
unruHmjn napametap (95,2%) 6vna gebrwuHa 3uga > 3 mm.
3akspyuak Kopuwhere nepuaneHanKynapHe TeYHOCTU 1 X1~
nepexoreHe nepuaneHANKyNapHe MacTyi Kao ynTpasByYHNX
npeavkTopa, 1 6poja neykoumta u LIPI kao nabopatopujckix
NpeauKkTopa, MoXe fa pasnunKyje HeKOMMANKOBaHW Off KOM-
NAVKOBaHOT aneHANLMTIICA KO feLle U MOMOTHe KHMYapy fa
04J1yuu 0 Tepanuiju aHTMOMOTULIIMA U XUPYPLIKOM TPETMaHY.
KmbyuHe peun: yntpasByk; 1abopaTopujcki napameTpu; KOM-
NAMKOBaHW aneHANLNTIC; HEKOMMIMKOBAHY aneHanLUTUG;
Jeua
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The impact of cycling exercise on motor and
functional recovery of patients in acute and
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SUMMARY

Introduction/Objective Neurological impairment and immobility in stroke patients can lead to numerous
complications. This study aimed to evaluate the effect of cycling exercises with visual feedback combined
with conventional rehabilitation on neurological and motor recovery, balance, walking speed and endur-
ance, and activities of daily living (ADL) in patients after acute and subacute stroke.

Methods A randomized prospective controlled trial was applied to this research. One hundred and
twenty-seven hemiplegic stroke patients who received in-hospital rehabilitation were randomly assigned
into two groups. Both groups received conventional rehabilitation treatment. The experimental group
had an extra 30 minutes of cycling exercises for the upper and lower extremities on a stationary ergo-
cycle MOTOmed muvi. Both groups’ neurological status, upper and lower limb function, independence
in ADL, balance, walking speed, and endurance were observed before and after the rehabilitation treat-
ment. Outcome measures used were the National Institute of Health Stroke Scale (NIHSS), the modified
Ashworth scale (MAS), the Brunnstrom Motor Evaluation Scale (BMES), upper and lower Fugl-Meyer
assessment (FMA), the Barthel index (BI), the Berg Balance Scale (BBS), the six-minute walk test (6MWT)
and the Timed Up and Go test (TUG).

Results The neurological recovery on the NIHSS scale, spasticity of the knee extensor measured by the
MAS, the BMES and FMA-LE subscale for the affected leg, and the 6MWT presented more significant
improvement in the experimental group than in the control group after the treatment (p < 0.05 for all
three analyses).

Conclusion Cycling exercises with visual feedback combined with conventional rehabilitation could
promote neurological recovery and improve the motor function of the affected leg and walking speed

Received  MpumbeHo:
October 25, 2023

Revised - PeBusnja:
March 26, 2024

Accepted - MpuxeaheHo:

May 9, 2024
Online first: May 10, 2024

Correspondence to:

Dusica SIMIC PANIC
Seljackih buna 17
21000 Novi Sad
Serbia

dusica.simic-panic@mf.uns.ac.rs

in patients recuperating after acute and subacute stroke.
Keywords: rehabilitation; stroke; hemiplegia; recovery of function; lower extremity

INTRODUCTION

Stroke represents the most frequent source
of acquired disability in the adult population,
which leads to reduced cognitive and motor
functions and a decrease in patients’ autonomy
in activities of daily living (ADL). Stroke usual-
ly affects older adults and results from brain tis-
sue injury caused by insufficient cerebral blood
supply [1]. Hemiplegia is a prevalent symptom
after acute stroke and the focus of rehabilita-
tion. Additionally, many stroke survivors have
impaired balance and mobility. Rehabilitation
treatment after stroke is more effective if it is
timely, intensive, and if it includes multisensory
stimulation. Various rehabilitation approaches
have been proposed, but few have been con-
firmed as effective in clinical research. The
underlying mechanism of neurological deficit
recovery after stroke is still not fully explained
because more than one process is involved in
recovery, and cerebral plasticity plays a signifi-
cant role [2]. Stationary ergocycle is uncompli-
cated and provides inexpensive exercise that

improves muscle strength, stamina, and balance
[3]. MOTOmed muvi is a new stationary ergo-
cycle with different exercise modes. It allows
recording and provides essential information
on the patient’s improvement in real time. That
way, it can assist the clinician and therapist de-
termine optimal training intensity and frequen-
cy to promote recovery [4]. However, there has
been an insignificant number of clinical studies
that examined the impact of cycling exercises
on the recovery of hemiplegic patients during
the acute and subacute stroke phases.

This study aimed to determine the effect of
the cycling exercises performed on stationary
ergocycle as an addition to conventional reha-
bilitation on neurological and motor recovery,
balance, ADL, and walking speed and endur-
ance in patients after acute and subacute stroke.

METHODS

Our research was devised as a prospective ran-
domized controlled trial. The participants were
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stroke patients receiving in-hospital rehabilitation at the
Medical Rehabilitation Clinic, Clinical Centre of Vojvodina
from 01. March 2022 to 31. April 2023. The study was ap-
proved by the ethics committee of the Clinical Centre of
Vojvodina (Ref. No. 2022-600-184). All study participants
gave their written informed consent. The inclusion criteria
were as follows: first stroke; stroke onset less than three
months; diagnosis of ischemic or hemorrhagic stroke based
on neurological examination, brain computed tomogra-
phy (CT), or magnetic resonance imaging (MRI); unilat-
eral hemiplegia; initial National Institute of Health Stroke
Scale (NIHSS) score ranging 6-20; age of more than 18
years; cognitive ability to participate in rehabilitation treat-
ment; minimal ability to actively perform movements in the
shoulder and elbow with compensatory trunk movement.
The exclusion criteria were recurrent stroke, stroke accom-
panied by severe mental disorder, patients with aphasia who
could not comply with directions, and heart, liver, or renal
failure. The calculation of the test power was carried out for
the research. The sample size was calculated using the soft-
ware G*power 3.0.10 [5]. We used an alpha level of p < 0.05,
a study power of 0.8, and an effect level of 0.15 (small effect
size). The sample size amounted to 90 subjects (45 each
in each group)f or the combined analysis of variance [6].

After baseline assessment, eligible patients who met
the inclusion criteria were randomly assigned to the ex-
perimental and control group in a 1:1 ratio. Computer-
generated numbers were used for randomization. The
numbers were stored in sealed envelopes, handled by a
physician unaware of the study’s purpose. The resident
physician (T.S.) created the random allocation sequence
using the EpiDat v. 4.0 software and maintained it classi-
fied so that allocation remained concealed. When patients
appeared for the first rehabilitation session, the assigned
therapist started the randomization within the computer
program to irrevocably designate the patient to the control
or experimental group prior to disclosing the procedure.

Both groups underwent regular conventional in-pa-
tient rehabilitation treatment for three weeks, six days per
week (18 sessions). Conventional rehabilitation consisted
of physical and occupational therapy, each lasting one
hour. Physical therapy involved personalized exercises
chosen by the therapist, manual mobilization, and physi-
cal agents. Occupational therapy implemented repetitious
exercises to improve coordination and ADL skills using
different standard equipment. The experimental group
had an additional 30 minutes of cycling exercises for the
upper and lower extremities with visual feedback on a
stationary ergocycle (MOTOmed muvi, RECK-Technik,
Betzenweiler, Germany). MOTOmed muvi ergocycle en-
ables simultaneous leg and arm training. The ergocycle
panel showed parameters of symmetry of bilateral upper
and lower limb exertion, cycling extent (in kilometers),
achievement (watts), resistance (kilograms), and number
of revolutions per minute (rpms). The data during cycling
were recorded on a computer.

The cycling exercises for the upper and lower extremities
consisted of 15 minutes forward and 15 minutes backward
movement. Every training began with preparation; patients

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):276-282

were seated on a chair before the stationary ergocycle. Heart
rate and arterial tension were measured at each session’s
beginning and end. Preparation was followed by passive
warm-up: 150 seconds of passive cycling exercises so that
the ergocycle moved the arms and legs of the patient at a
steady pace of 25 rpm. After warm-up, the patients started
active cycling exercise, which consisted of 10 minutes of
active cycling for arms and legs. They were instructed to
maintain a pedaling speed of 50-70 rpm. Visual feedback
was used to accomplish load symmetry 50/50 on the er-
gocycle panel. The weight of active exercise was settled as
Stage 13 of the Borg scale [7], signifying “a little strenuous”
training. The session ended with passive training: 150 sec-
onds of passive cycling exercises, the patient’s limbs were
moved by the ergocycle at a steady pace of 25 rpm.

The patients’ neurological and functional status was
assessed at the baseline (within the first 24 hours of ad-
mission to the Clinic) and after 18 therapy sessions. The
assessment was carried out by the specialist of physical
medicine and rehabilitation (S.P.), who was unaware
whether the patients were assigned to the control or experi-
mental group. NIHSS was used to estimate neurological
impairment [8]. The Modified Ashworth Scale (MAS) was
used to determine the knee extensor’s spasticity level [9].
The Berg Balance Scale (BBS) was used to evaluate static
balance and fall risk. It evaluates balance during activities
such as standing, sitting, transfers, and rotations needed
in ADL. A higher score implies better balance and reduced
fall risk; the best result is 56 points [10]. Motor function
was classified by the Brunnstrom Motor Evaluation Scale
(BMES) [11] for the hemiparetic arm, hand, and leg. It has
six stages: the first one is characterized by flaccidity and
the inability for voluntary movement, and the last one is
achieved when the patient performs isolated joint move-
ment. BMES is a frequently administered stroke-specific
tool for determining the post-stroke motor recovery level
and gross hemiparesis severity [11, 12]. However, it is
subjective, and due to rough evaluation, minor functional
changes in recovery can be overlooked [12]. Because of
these limitations, we also applied the Fugl-Meyer assess-
ment (FMA) for a more detailed examination. FMA is
based on BMES but has more sensitivity for subtle changes
in motor recovery and is responsive and feasible [13, 14].
FMA analyses the reflex activity of the affected extremi-
ties, movements, and their relation to synergies, speed,
and coordination. We used subsections of FMA for the
upper (FMA-UE) and lower extremity (FMA-LE). FMA-
UE incorporates 33 items for proximal and distal segments
of the affected arm with a maximum motor score of 66
points. The FMA-LE subscale has 17 items; the highest
score of 34 points is received for normal function [14].
Barthel index (BI) was applied to evaluate independence in
ADL. The BI score estimates 10 essential activities needed
for self-care and mobility [15]. The maximum result is
100, and lower results mean that the patient suffers from
a more remarkable inability to perform ADL without help.
The six-minute walk test (6MWT) and the Timed up and
Go test (TUG) were used to analyze walking speed and
endurance [16].

www.srpskiarhiv.rs ‘

277



278

Simi¢-Pani¢ D. et al.

Assessed for eligability
(n=148)

Excluded

Did not meet inclusion

Enrollment (n =127)

criteria (n=21)

Clinical assessments at the admission
(n=127)

Randomized (n =127)

l

Experimental group (n = 63)
Conventional rehabilitation and additional
cycling exercise

Control group (n = 64)
Conventional rehabilitation

}.7

Y

Drop out (n=4)

T—

A,

Drop out (n=4)

Clinical assessments at the end of the rehabilitation treatment

l

Analyzed
(n=159)

l

Analyzed
(n=60)

Figure 1. Flowchart of the design and conduct of the study

Statistical analysis

In our study, IBM SPSS Statistics for Windows, Version
22.0 (IBM Corp., Armonk, NY, USA) statistical software
was applied for data processing and analysis. Frequency
and percentage were used to describe the sample struc-
ture. Descriptive statistics methods were used to determine
measures of central tendency (arithmetic mean) and mea-
sures of variability (standard deviation) of observed clini-
cal data. The patients’ demographic and clinical baseline
characteristics in the two groups were compared using the
X’ test for categorical variables, the independent t-test for
continuous variables, and the Mann-Whitney U test for
ordinal variables. The assessments at the beginning and
end of each group’s rehabilitation treatment were compared
to determine if there were changes after the administered
therapy. A Student’s t-test analyzed quantitative variables.
To estimate the treatment effect and differences between
the control and experimental groups in two-time intervals
(the beginning and the end of treatment), a split-plot anal-
ysis of variance (SPANOVA) was used. The significance
level was set at p < 0.05.

RESULTS

The recruitment interval for this study lasted from March
1, 2022 to April 31, 2023. The participant flow is described
in Figure 1. A total of 127 patients were recruited. Eight
patients left the protocol for several reasons, such as illness
unrelated to the study, personal reasons, and loss of desire

‘ DOI: https://doi.org/10.2298/SARH231025032S

to participate in the prescribed treatment due to the devel-
opment of severe depression. The rehabilitation treatment
was completed by 119 patients (Figure 1). Table 1 summa-
rizes participant demographics. Participants in this study
had moderate neurological deficits, evaluated by the NTHSS
scale. Demographic and clinical data of the two groups were
compared at initial evaluation, and no substantial differ-
ences were detected between groups (Table 1).

Table 1. Demographic and clinical characteristics of patients

Variables gE :(o%eg I (r: eznéagl) Corz;rc;l g(;;)up p

Sex (male/female) 31/28 29/31 0.71
Age (years) 65+ 11.98 67.34+£10.86 | 0.84
Type of stroke (I/H) 49/10 53/7 0.67
aléifte/zgnete)mlplegla 24/35 28/32 041
Time since stroke (days) 33+17.2 36+19.7 0.89
NIHSS (0-42) 10.3 +£4.45 11.4+5.67 0.63

Data are presented as mean + SD;
| —ischemic; H - hemorrhagic; NIHSS - National Institute of Health Stroke Scale

The values of clinical assessments for the experimental
and control groups at the initial evaluation and the end of
rehabilitation treatment are shown in Table 2. No signifi-
cant difference among the experimental and control groups
was observed at the first assessment.

Patients in the experimental group showed consider-
able improvement in all parameters of the stationery er-
gocycle after 18 sessions. The average cycling extent (dis-
tance) progressed from 2612 + 454 meters measured at
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Table 2. Values of outcome measures at baseline (T1) and the end of

Table 3. Split-plot analysis of variance (SPANOVA) for outcome

rehabilitation treatment (T2) variables
OUEame T Variable ( Wilks'A ( F ( p ( Partial n?
measures Group = = Change NIHSS
Experimental 103 +2.29 80+2.14 -2.3+0.95 Time (beginning vs.end) | 0.225 | 403.139 | *0.000 0.775
(No'”jzs) Control 114+309 | 95+326 | -19+126 | |Time*group 0.966 | 4148 | *0.044 | 0034
p-value 0.438 0.227 %0.030 Experimental vs. Control 7.045 | *0.009 | 0.057
Experimental | 1.8+0.79 06+052 | -1.2+1.05 MAS
MAS Control 20+1.10 1.8+1.31 -0.2 +0.75 Time (beginning VS. end) 0.886 312.436 | *0.000 0.754
p—value 0.826 *0.002 *0.003 Time* group 0.019 2.369 0.086 0.031
Experimental 42 +1.34 48+ 1.25 0.6+ 057 Experimental vs. Control 5.842 | *0.022 0.083
?Mg)s am | control 374131 | 45+146 | 08+0.50 BMES arm
p—value 0.372 0.413 0.740 Time (beginning vs. end) 0.513 110.316 | ¥0.000 0.487
Experimental | 4.2+ 1.41 47+139 | 05+0.75 Time* group 0976 | 2.889 | 0.092 | 0.024
?1M§)5 hand Control 3.8+151 44+ 1.64 06+1.22 Experimental vs. Control 2437 | 0.121 0.021
p-value 0.286 0.425 0.820 BMES hand
Experimental 43+1.03 52+ 1.03 09+1.21 Time (beginning vs. end) 0.509 111.992 | *0.000 0.491
?1M§)S g [Control 404109 | 45+115 | 05+033 Time* group 0983 | 2022 | 0.158 | 0017
a p-value 0.553 *0.047 *0.049 Experimental vs. Control 2328 | 0.130 0.020
Experimental | 352+ 15.72 |42.0+1627 | 6.8%205 BMES leg
FMA-UE Control 33.6+21.17 39.2 +21.80 56 +4.58 Time (beginning VS. end) 0.494 118.75 *0.000 0.506
(0-66) p—value 0.641 0.429 0.073 Time* group 0.973 3.269 0.073 0.027
Experimental | 21.0+542 | 295479 | 9.0+275 Experimental vs. Control 4.634 |*0.041| 0.076
(F(?f/;;;E Control 202+7.84 | 243+7.86 | 4.1+141 FMA-UE
p-value 0.556 ¥0.000 *0.000 Time (beginning vs.end) | 0.244 | 361.945 | *0.000 | 0.756
Experimental | 46.9+19.09 | 64.8+21.1 |17.9+15.71 Time* group 0973 | 3270 | 0073 | 0.027
(B(; 100) Control 51.1+17.29 65.8+17.8 14.7 + 13.75 Experimental vs. Control 0.408 0.524 0.003
p-value 0.371 0.653 0.239 FMA-LE
Experimental 28.6 +9.79 433+ 8.64 14.7 + 3.94 Time (beginning VS. end) 0.098 | 1071.563 | *0.000 0.902
?OBSS 6) Control 29.9+13.82 | 39.2+13.08 | 9.32+2.83 Time* group 0438 | 149.923 | *0.000 | 0.562
p-value 0.543 ¥0.048 ¥0.000 Experimental vs. Control 7.036 | *0.009 | 0.047
Experimental | 159.8 + 78.62 | 241.6 + 94.54 | 81.8 +70.96 Bl
(6MVtVT ) | Control 1424 +93.33 | 1748 +87.12 | 32.4+26.75 Time (beginning vs.end) | 0.772 | 304326 | *0.000 | 0.633
meters o-value 0293 %0.032 *0.035 Time* group 0024 | 2.899 | 0091 | 0010
Experimental | 96.2 +64.94 | 131.7 +84.43 | 35.5 + 30.57 Experimental vs. Control 0548 | 0446 | 0.005
(TSL;fon g5 | Control 102.6 +72.42 | 121.9+97.33 | 246 +19.21 BBS
p-value 0.594 0.136 0.092 Time (beginning vs.end) | 0.074 | 1466.058 | *0.000 | 0.926
Data are presented as mean + SD; Time* group 0.612 74.272 | *¥0.000 0.388
NIHSS - National Institute of Health Stroke Scale; MAS — modified Ashworth scale; Experimental vs. Control 0.425 0.516 0.004
BMES - Brunnstrom Motor Evaluation Scale; FMA-UE - Fugl-Meyer upper extremity 6MWT
subscale; FMA-LE - Fugl-Meyer lower extremity subscale; Bl - Barthel index; BBS -
Berg Balance Scale; 6MWT - six-minute walk test; TUG — Timed up and Go test; Time (beginning vs.end) | 0.686 | 112.325 | ¥0.000 | 0.521
*p <0.05 s significant Time* group 0922 | 4699 | 0062 | 0.112
Experimental vs. Control 6.862 |*0.033 | 0.032
C . . X . TUG
the initial session to 3978 + 868 meters at the final session Time (beginni & 0621 213325 %0000 | 0578
(p <0.001). The mean achievement (wattage) raised from T!me* UL AL 0'054 5 6'83 o ’073 0‘01 .
. . ime* grou X . ! X
13.7 + 6.73 watts at the first session to 26.8 + 10.36 watts 'g P
Experimental vs. Control 3.203 | 0.062 0.065

at the final session (p < 0.001). The average resistance at
the initial session was 5.8 + 2.45 kg, which advanced to
8.6 £ 3.89 kg at the final session (p < 0.001).

At the end of the treatment (discharge), the experi-
mental group presented more pronounced neurological
recovery on the NIHSS scale, reduced spasticity of the
knee extensor measured by the MAS, more substantial

NIHSS - National Institute of Health Stroke Scale; MAS — modified Ashworth

scale; BMES - Brunnstrom Motor Evaluation Scale; FMA-UE - Fugl-Meyer
upper extremity subscale; FMA-LE - Fugl-Meyer lower extremity subscale;
Bl - Barthel index; BBS - Berg Balance Scale; 6MWT - six-minute walk test;
TUG -Timed up and Go test;

*p < 0.05 is significant

improvement on the BMES for the affected leg, the FMA-  measured by MAS (F | - = 5.842, p = 0.022), the BMES for
LE subscale, the BBS, and 6MWT (p < 0.05). the affected leg (Fl) 1, = 4.634, p = 0.041), FMA-LE sub-
We used SPANOVA to determine the impact of two  scale (Fl) 11, = 7.036,p = 0.009) and 6SMWT (F, = 6.862,

therapeutic approaches. The results of the SPANOVA
analysis confirmed a statistically significant difference in
the neurological recovery measured by the NIHSS scale
(F, . =7.045, p = 0.009), spasticity of the knee extensor

1,117
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1,117

p = 0.033) at the end of rehabilitation treatment in favor of
the experimental group (Table 3). For all tested variables,
changes between the pretest (beginning of the rehabilita-
tion treatment) and posttest values (end of rehabilitation
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treatment) in both groups were highly statistically sig-
nificant (p < 0.001). The effect size was large; thus, both
groups of patients benefited from rehabilitation treatment.
The interaction between the treatment type and time is
shown in Table 3.

DISCUSSION

Various studies have shown that brain function is, to a
degree, compensatory after stroke [17, 18]. Based on neu-
roplasticity, the function of the central nervous system
can be improved by intensive rehabilitation. Furthermore,
timely applied treatment can enhance the gene expres-
sion of nerve growth factors, improve neurotransmitter
transmission, and advance motor function [19]. Current
research findings imply that aerobic training can improve
the strength of affected limbs, balance, and walking speed
after stroke [20]. Stationary ergocycle MOTOmed muvi
provides passive, assisted, and active resistance training
modes for the upper and lower extremities. The used mode
can be adapted for every patient based on the motor re-
covery stage. Cycling exercises prevent muscle atrophy,
expand the range of joint motion, and help patients gain
confidence to participate in the rehabilitation treatment
[21]. Reports agree that most of the recovery after a stroke
occurs within the first 3-6 months [22, 23]. However, there
is limited research on the impact of cycling exercise on
motor improvement during the acute and subacute stroke
phases. In our study, we noted a more substantial neu-
rological recovery assessed by the NIHSS in the experi-
mental group, although the interaction between the type
of treatment and time was significant. Maté et al. [22], in
their meta-analysis, confirmed that cycling exercise com-
bined with functional electrical stimulation can enhance
neurological recovery and aerobic fitness in patients with
central nervous system disorders. Wei et al. [23] found that
early rehabilitation positively affects neurological recovery
measured by the NIHSS after stroke. The results of the
present study demonstrated that the experimental group
displayed significantly lower spasticity at discharge, similar
to some other studies [18, 20]. This might be because visual
feedback cycling exercises activate the monosynaptic corti-
cospinal inhibition pathways and reduce the transmission
from neurons to muscles, reducing muscle spasticity [24].
Our findings show that after the treatment, the experi-
mental group exhibited more prominent improvement in
BMES for the affected leg, FMA-LE subscale, and 6MWT,
indicating that cycling exercises can substantially improve
lower limb motor and walking functions. Similar results
were obtained in previous studies, which evaluated the use
of cycling training in chronic stroke [24, 25]. Nindorera
et al. [26], in their research, combined conventional reha-
bilitation and cycling training for patients with chronic
stroke and discovered that applied protocol could improve
lower extremity function and stamina, gait speed, and re-
duce muscle tone. Furthermore, the patterns of muscle
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activity during walking and cycling require alternate flex-
ion and extension motion and corresponding activation
of agonist and antagonist musculature. This can benefit
neuromuscular regulation and muscle activation of the
paretic lower extremity [27]. In our research, the upper
extremity motor function (the BMES for the affected arm
and hand and the Fugl-UE subscale) significantly increased
after rehabilitation treatment. Nevertheless, the difference
among the groups after the treatment was insignificant
(p > 0.05). In their study, Linder et al. [24] obtained simi-
lar results. Despite the significant change in BI for both
groups after the treatment, our findings imply that both
treatments were equally beneficial. This is in accordance
with several other trials [22, 25, 27]. Considering the effect
of additional cycling exercise on balance (BBS), we found
no statistically discernible difference among the groups,
although the experimental group presented a higher trend
of improvement. Duran et al. [27], in their research, found
that different treatment approaches had a modest impact
on balance in stroke patients (cycling training vs. under-
water walking therapy vs. conventional rehabilitation). Our
results confirm that cycling exercises as part of a post-
stroke rehabilitation program can promote lower limb
recovery, reduce spasticity, and improve gait recovery.

The limitations of this study include the difference in
the duration of treatment for the examined groups, which
burdens the generalization of the results. More tests could
be applied to monitor hand functions aside from the FMA-
UE, which could be the topic of further research. Research
with longer and more rigorous follow-ups is needed to
examine the long-term benefits of cycling exercises for
stroke patients. Furthermore, this study was carried out
in a single rehabilitation clinic with patients who mostly
suffered from moderate stroke, so our findings may not
be suitable for all settings.

CONCLUSION

Our results imply that cycling exercises on a stationary
ergocycle combined with conventional rehabilitation could
improve neurological and motor recovery of hemiparetic
lower extremity and walking speed in acute and subacute
stroke patients. Cycling exercises with visual feedback
could be part of a protocol for the in-hospital rehabilita-
tion of acute or subacute stroke patients.
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YTuuaj BexX6m Ha CTaLMOHAPHOM eprouMKay Ha MOTOPUYKM U GYHKLIMOHANHK
onopasak 601ecHMKa Yy aKyTHOj 1 cyb6aKkyTHOj pa3u moxKAaHoOr yaapa

Jywnua Cumnh-NManuh'?, Tujana Cnacojesuh'2, CnobopaH MantennHay'?, Xeroko KusaHosuh'?, Jlapuca BojHoBUh'?,

CHexxaHa Tomaleswh-Togoposuh'2

'YHusep3utet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;
2YHNBEP3UTETCKI KNUHUYKY LieHTap BojBoanHe, KnuHuka 3a meanunHcky pexabunutauujy, Hosu Cag, Cp6uja;
YHnBep3UTETCKM KNUHUYKY LieHTap BojBoauHe, KnuHuka 3a Heyponorujy, Hosu Cag, Cpbuja

CAXETAK

YBoa/Uwnm Heyponowky feduunT 1 cMatbeHa NOKPeT/by-
BOCT KoJj 60/1ecHMKa ca MOXXAaHUM yLapom MOry JOBeCTU A0
6pojHVX KomnavKaLumja. OBa cTyAmja je MMana 3a Lnb fa npo-
LieHn edekat Bexx6u y Buay feedback TpeHuHra eprounknom
y KOMOUHaLWMjy ca KOHBEHLMOHAIHOM pexabunuTtawmjom Ha
HeypOJOLLKN 1 MOTOPUYKIM OMopaBak, 6anaHc, 6p3nHy xoaa,
V3LPX/bUBOCT MPU XOAY U aKTUBHOCTM CBAaKOAHEBHOT XKMBOTa
Kop bonecHMKa nocne akyTHOr 1 Cy6aKyTHOF MOXAaHOT yAapa.
MeTtoge OBO UCTpaXKmBame AM3ajHMPAHO je Kao paHZoMU3MpPa-
Ha NPOCMEeKTUBHa KOHTpoMNCcaHa cTyamnja. CTo ABajeceT cefam
60necHMKa ca XeMUMIernjom nocne MoxzgaHor yaapa Koju cy
61Ny Ha 6ONHNYKOj pexabunnTaLmju paHLOMM3UPaHO je y ABe
rpyne. O6e rpyne cy nMmasne KOHBEHLIMOHANTHW pexabunuTaLmo-
HY TpeTmaH. EkcnepumeHTanHa rpyna je gobuna gogatHux 30
MVIHYyTa BeXO6M 3a ropbe 1 okbe eKCTPeMUTETE Ha CTaLoHap-
HoMm eprovuukny MOTOmed muvi. Heyponowiku ctatyc, pyHKuUmja
rOPHUX 1 fOHMX EKCTPEMUTETA, HE3aBUCHOCT Y aKTUBHOCTM
CBaKOJHEBHOT X1BOTa, 6anaHc Kao 1 6p31Ha 1 N3APXKIbUBOCT
npv Xofy, NPOLeHbEHN Cy Npe 1 Nocie pexabunutauyje Kog obe
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rpyne. KopuwheHe ckane 3a npoLeHy ncxoga bune cy ckana
HauvoHanHor nHCTHTYTa 3a 3gpaBrbe 3a MoxaaHu yaap (NIHSS),
MoaundrkoBaHa ACXxBopToBa ckana (MAS), Brunnstrom ckana
(BMES), Fugl-Meyer npoLieHa 3a ropre 1 fioke ekcTpemmTeTe
(FMA), bapTen nHgekc (Bl), Beprosa ckana 6anaHca (BBS), we-
CTOMUHYTHU TecT xofa (6MVT) n Tect yctaHn-kpeHu” (TUG).
PesynTtatm HeyponowKu ctaTyc npoLereH Ha OCHOBY CKane
NIHSS, cnacT4HOCT eKcTeH30pa KosieHa MepeHa nomohy MAS,
BMES n FMA-LE cy6ckana 3a 3axsaheHy Hory, kao u 6MWT no-
Ka3anu cy 3HauajHo Behe nobosbluame y ekcnepriMeHTanHoj
rPynu y OBHOCY Ha KOHTPOJHY rpyny nocine TpetMaHa (p < 0,05
3a cBe Tpy Bapujabne).

3aksbyuak Bexbe Ha eproumkny ca BusyenHum feedback-om y
KOMOVHaLWj1 ca KOHBEHLMOHANTHOM pexabunutawmujom Mory
YHanpeauTn HeYPOJIOLLKM ONopaBak, mobosbLIAT MOTOPUUKY
byHKUMjy 3axBaheHOr AoHEr eKcTpemmTeTa 1 6p3uHY XoAa Kog,
60necHMKa nocse akyTHOr 1 Cy6aKyTHOT MOXXAAHOT yaapa.

KrbyuHe peuu: pexabunuraumja; MOXaaH1 yaap; XeMUunieruja;
bYHKLMOHANHY OrMopaBak; Jok M eKCTpeMuTeT
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SUMMARY

Introduction/Objective Human resource management and related practices represent a broad research
arena in the context of healthcare organizations. Adapting human resource management practices to
current labor market conditions and achieving organizational goals in the domain of satisfactory health
service quality represent significant current challenges and research gap. The aim of the study is to ex-
amine the relationship between human resource management practices and health service outcomes
of public healthcare organizations.

Methods The research was designed as a cross-sectional study. A structured questionnaire was used
as an instrument to collect primary data. The sample consists of 257 healthcare workers employed in
healthcare organizations in the public sector. To assess the statistical significance of relationships in the
research model, the method of PLS-SEM is used.

Results Our study revealed the competitive salary is negatively related to community health service
results (CHSR) (B =-0.177, p < 0.05) of public healthcare organizations. Study results noted that employ-
ment security is positively related to CHSR (B = 0.296, p < 0.001), as well as to training and development
(B=0.359, p < 0.001).

Conclusion The results of the study noted theoretical implications through the contribution of human
capital theory and resource-based theory of the firm. The identification of human resource practices that
positively contribute to health services outcomes provides clear practical implications for managers of

public health organizations.

Keywords: HRM; HRM practice; health services outcome; organizational performance

INTRODUCTION

Human resource management (HRM) in
healthcare organizations involves a unique set
of practices designed to enhance organizational
performance through the actions of healthcare
personnel in interaction with patients. The con-
cept of HRM in healthcare is critical because
it directly impacts the operational efficiency of
healthcare organizations [1], the quality of care
provided, and can affect patient satisfaction.
HRM has been identified as a critical success
factor of any healthcare system and contrib-
utes to its sustainability [2, 3]. The practice of
HRM supports the establishment of healthcare
organizations’ business models through a vari-
ety of activities, including employee relations,
compliance and legal matters, recruitment
and selection (RS), training and development
(TD), and performance management. Each
of the mentioned activities has a specific im-
portance for operational efficiency, which is
achieved by applying appropriate approaches
and procedures in interaction with healthcare
personnel. TD focus on providing ongoing ed-
ucation and training to healthcare workers to
enhance their skills, competences, and knowl-
edge. Fanelli et al. [4] reached the conclusion

that managerial and clinical competencies hold
equivalent significance for healthcare profes-
sionals. The aforementioned development of
the competencies establishes the background
for improving performance and contributes in
the development of the HRM system architec-
ture within healthcare organizations. RS prac-
tices ensure that the organization hires skilled
and competent staff, including doctors, nurs-
es, and support staff. Successful recruitment
of healthcare providers requires face-to-face
meetings, building relationships with admin-
istrators, and utilizing multimodal strategies
simultaneously [5]. Performance management
ensures that healthcare professionals meet the
organization’s care delivery standards and ad-
here to medical protocols. Newton-Lewis et al.
[6] suggested the performance management in
healthcare organizations is crucial for driving
organizational and system performance, but
interventions should be tailored to the specific
health system context. Chapman [7] noted that
performance management system is crucial for
strengthening health departments and effec-
tively using resources, as it is a key factor in
their long-term sustainability. A system of car-
ing HRM practices, such as job design, training,
flexible work arrangements, work-life balance,
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and participation in decision making, results in an organi-
zational climate of care and concern for employees, leading
to higher levels of employee engagement [8]. The results
of the research conducted by Sivapragasam and Raya [9]
showed that HRM practices have a statistically significant
relationship with employee-level outcomes like perceived
efficacy, engagement, and well-being. The proliferation
of digitization and the rapid advancement of information
technology have empowered platforms and information
systems to provide an extensive array of functionalities that
facilitate HRM activities. A human resources information
system (HRIS) enables the deployment of HRM practice
more efficiently and productively by digitizing procedures
and activities. On the other hand, Tursunbayeva [10] sug-
gested that healthcare organizations and HR professionals
employed within need to use HRIS responsibly, finding a
balance between innovation, productivity, efficiency, and
respect for legal, ethical, and compliance issues.

The importance of HRM for healthcare organizations
is profound and multifaceted, deeply influencing every
aspect of healthcare delivery. The direct effect of HRM
practices is often complemented by positive indirect effects
that are realized in different contexts. Ranjhan and Mallick
[11] have found the HRM practice significantly moderates
the positive relation between organizational citizenship
behavior and competitive advantage in healthcare organi-
zations. HRM practice appears as essential for developing
competencies in healthcare professionals, ensuring the re-
cruitment of skilled staff, and maintaining high standards
of care delivery.

HRM and healthcare organization performance

The beneficial effects of HRM practices on various aspects
of healthcare organizations’ performance have been sub-
stantiated by a multitude of prior studies. Vermeeren et al.
[12] found that HR policies positively affect the financial
performance of healthcare organizations, minimize ill-
ness absence, and enhance organizational performance
associated with patients. Van den Broek [13] suggests that
employees play an intermediary role in the relationship
between HRM and organizational performance. Therefore,
HR practices should simultaneously consider both enhanc-
ing organizational performance as well as upholding em-
ployees’ work-life balance. Based on a cross-section study,
Nafari and Rezaei [14] noted the positive impact of HRM
activities on the organizational performance of healthcare
organizations. Using regression models, they came to the
conclusion that statistically the most significant impact is
achieved by HR practices related to TD, compensation and
reward, and recruitment. Huettermann and Bruch [15]
revealed the health-related HRM has a positive effect on
the well-being of employees, as well as having a positive
indirect impact on organizational performance. Buchelt et
al. [16] suggest that healthcare organizations should trans-
form HR practices so that performance evaluation includes
both quantitative and qualitative dimensions. Important
conclusions about the impact of HRM on the organization-
al performance of hospitals were discovered by Parayitam
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et al. [17]. The results of their research showed that com-
pensation and rewards, performance appraisal (PA), and
learning culture have a positive impact on organizational
performance. Also, it was revealed that RS, and TD have
no influence on the hospital’s organizational performance.
Acosta-Prado et al. [18] noted that HRM strongly predicts
innovative performance of non-profit hospitals, while in-
novation can also enhance organizational performance by
acting as a mediator, according to Riana et al. [19], who
found that HRM practice has a substantial impact on both
innovation and organizational performance.

These studies suggest that HRM practices are related to
improved performance in healthcare organizations, includ-
ing employee satisfaction, and organizational efficiency.
This establishes a framework for enhancing the quality of
health services as a fundamental purpose.

HRM and health service outcome

Healthcare organizations may observe a diverse array of
effects as a result of their HRM practices. The realization
of the multidimensional effects of human resource prac-
tice occurs via strategic alignment, which entails guiding
and leading employees to work in the direction of orga-
nizational goals and operational efficiency. Implementing
HR practices at both the strategic and operational levels
is essential for healthcare organizations to achieve highest
level of positive outcomes. This approach is based on the
argument that retaining and satisfying employees positively
influences the quality of care, leading to increased patient
satisfaction.

HR practices recorded a direct and positive effect on
client satisfaction, according to an important finding
of the research conducted by Vermeeren et al. [12]. HR
capabilities have a positive and statistically significant
relationship with proactive healthcare worker behaviors
and a beneficial association with patient care, according
to a study by Khatri et al. [20]. Furthermore, proactive
healthcare worker behaviors mediate the aforementioned
relationship. The aforementioned study well illustrates the
connection between HR practices and health service out-
comes, indicating the valorization of its effects through
the behavior of employees in healthcare organizations. A
research study by Oppel et al. [21] showed that invest-
ments in strategic HRM are reasonable because they have
a positive effect on patient satisfaction using two mecha-
nisms: solving physician shortage problems and reducing
temporary staffing. Limited implementation of adequate
human resources practices can have far-reaching conse-
quences beyond mere diminished patient satisfaction. HR
practices positively impact health service outcomes, with
engagement serving as a mediating factor, according to a
study by Shantz et al. [22]. Every single HR practice exam-
ined in the aforementioned study, namely communication,
participation in decision making, training, opportunities
for development, and training, had a positive effect on the
quality of care. This finding underscores the importance of
implementing strategic HRM to effectively manage person-
nel and guide activities.
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A significant impact of HRM practices on health ser-
vice outcomes can be identified. Summarizing the above,
healthcare organizations have to establish HR practices
that are patient-centric and prioritize service quality and
patient satisfaction. The primary objectives of strategic
HRM are endeavors to enhance patient-provider commu-
nication, programs to improve the patient experience, and
staff training in customer service. These practices are able
to ensure that the healthcare professionals are oriented
towards providing high-quality patient care. The aim of
the paper is to identify elements of HR practice that can
have a positive effect on health service outcomes.

METHODS
Participants and procedure

A cross-sectional study was conducted to determine the
statistical significance of the relationship between HRM and
health services outcomes. The study involved the partici-
pation of healthcare professionals employed by healthcare
organizations located in the central region of the Republic
of Serbia, including Belgrade as the capital. The research
sample consisted exclusively of personnel employed by pub-
lic healthcare organizations. Responses were obtained at
an 85% rate, as 257 valid questionnaires were collected in
total from 300 that were distributed. Women comprise the
majority of the study participants at 84 percent, with the
remaining individuals being males. The sample primarily
consists of healthcare personnel who are under the age of
40, comprising 53% of the participants. Those aged 41 to
50 are represented at 30%, and those aged 51 and above are
represented at 17%. A total of 86% of the respondents in
the sample hold permanent employment status, while the
remaining individuals are temporary staff members. The
sample structure guarantees the essential diversification
amidst a homogeneous group of healthcare professionals
who are employed by public healthcare organizations.
The study was approved by the Council of the Faculty
of Medical Science, University of Kragujevac, on Jun 22,
2022 (reference number 01-7218/18-52). We collected pri-
mary research data in accordance with the Declaration
of Helsinki ethical guidelines. All participants were care-
fully apprised of the scientific objectives of the research
and were assured of their anonymity. Informed written
consent was noted on the first page of the questionnaire.
Participants were notified that participation was volun-
tary, and their consent was inferred upon finishing the
questionnaire. Data confidentiality was also guaranteed.
Several assumptions were implemented to mitigate the
issue of common method bias. Prior to the study, all pos-
sible participants were briefed about the academic purpose
of the study and guaranteed anonymity and confidentiality.
Additionally, detailed directions for completing the ques-
tionnaire were provided at the start of each section. Finally,
in the questionnaire itself there are clearly separated sec-
tions that contain statements that observe independent
variables, dependent variable, and categorical variables.
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Measurements

Primary data were gathered through the use of a structured
questionnaire comprising three distinct sections. The state-
ments containing the constructs of the independent vari-
able were positioned in the initial section. Observations
of the dependent variable were detailed in the statements
forming the second section. In both sections, next to the
column in which the statements were listed, there was a
scale for evaluating the statements. At the end of the ques-
tionnaire, there were statements with categorical variables,
such as gender, age, and employment status of the respon-
dents. The items in the first two sections were evaluated
on a five-point Likert scale.

To enhance the predictability of the research and mini-
mize the risk of an initial error during questionnaire de-
velopment, we opted for an approach that utilized stan-
dardized measurement scales. Such scales are present in
previous studies through which their validation was car-
ried out and their utility value was confirmed. We trans-
lated the measuring scales from English to Serbian before
using them. In the second step, through a pilot study on a
sample of 30 respondents, their validity was tested through
the analysis of Cronbach’s alpha coefficient. The results
of the pilot study showed that the necessary criteria were
met, after which the sampling continued. The following
measurement scale was deployed within the study.

We measured the independent variable through six
constructs that represent HR practice. The HRP scale de-
veloped by Villajos et al. [23] included constructs such
as TD, contingent pay and rewards (CPR), PA, RS, com-
petitive salary (CS), and employment security (ES). Each
construct was observed using three statements, such as,
The opportunity to receive training and attend courses and
workshops, A benefits and rewards plan that is linked to my
performance, A fair evaluation of my performance, Careful
selection of new employees, and A work contract that offers
job security.

The dependent variable was observed through the
Community Health Services Results construct. In our
study, it consists of statements initially noted within the
Baldrige Health Care Criteria by Meyer and Collier [24].
The two items were used: Contribution to community
health programs, and Partnership with other organizations
to improve community health programs.

The creation of the original data set and preliminary
statistical analyses were done using IBM SPSS Statistics
for Windows, Version 22.0 (IBM Corp., Armonk, NY,
USA). To test the relationship between HRM practices
and health service outcomes, a partial least square ap-
proach to structural equation modeling (PLS-SEM) was
used. Complex relationships between variables have been
effectively modelled using the aforementioned method,
even when normality criteria are not met or the sample size
is relatively small. The outcomes for the validation of the
measurement model were acquired through the employ-
ment of confirmatory factor analysis. In order to estimate
the structural model and analyze the path coefficients, the
standard bootstrapping procedure was applied.
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RESULTS

The standard PLS-SEM algorithm procedure was launched
to measure model assessment. The outcomes of the con-
firmatory factor analysis were used as the framework for
testing the reliability and validity of measurement scales
and statements. The internal consistency reliability and
convergent validity analysis results of the proposed model
are displayed in Table 1. Standard coefficients and bench-
mark values were used for evaluation. Factor loadings
are significantly above the value of 0.7 for all statements
contained in the constructs, which confirms their validity.
For all the constructs contained in the model, the value of
Cronbach’s alpha (a) coefficient ranges 0.830-0.955 and
largely meets the requested criteria. The composite reliabil-
ity value ranges 0.892-0.956 for all latent variables and is
significantly above the 0.7 standardized criterion. Average
variance extracted is represented by values 0.733-0.918
and is significantly higher than the acceptable threshold
of 0.5 value [25].

Table 1. Measurement model and constructs

Construct and items ‘ Loadings a CR AVE
TD 0.955 0.956 0.917
TDO1 0.957

TDO02 0.965

TDO3 0.950

CPR 0.932 0.936 0.880
CPRO1 0.913

CPR0O2 0.960

CPRO3 0.940

PA 0.952 0.952 0.912
PAO1 0.938

PA0O2 0.970

PAO3 0.956

RS 0.953 0.954 0.914
RSO1 0.958

RS02 0.967

RS03 0.943

CS 0.830 0.892 0.733
CSo1 0.859

CS02 0.802

CSo03 0.905

ES 0.918 0.926 0.859
ESO1 0.907

ES02 0.948

ESO3 0.924

CHSR 0.911 0.911 0.918
CHSRO1 0.957

CHSRO02 0.959

TD - training and development; CPR - contingent pay and rewards; PA -
performance appraisal; RS - recruitment and selection; CS — competitive
salary; ES — employment security; CHSR — community health services results;
AVE - average variance extracted; CR - composite reliability

The Fornell-Larcker criterion was used for analysis and
conclusions about discriminant validity. The results of the
analysis shown in Table 2 show that the initial value in
each column is higher than any other value in the same
column, that comply with the Fornell-Larcker criterion.
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By validating statements and measurement scales, assump-
tions were made for starting the standard bootstrapping
procedure and testing the relationships between the con-
structs.

Table 2. Discriminant validity (Fornell-Larcker criterion)

Constructs 1 2 3 4 5 6 7
1.CHSR 0.958

2.CS 0.526 | 0.856

3.CPR 0.599 | 0.782 | 0.938

4. ES 0.670 | 0.686 | 0.606 | 0.927

5.PA 0.658 | 0.795 | 0.822 | 0.695 | 0.955

6.RS 0.658 | 0.803 | 0.716 | 0.738 | 0.868 | 0.956

7.TD 0.727 | 0.607 | 0.685 | 0.718 | 0.761 | 0.795 | 0.957

TD - training and development; CPR - contingent pay and rewards; PA —
performance appraisal; RS - recruitment and selection; CS — competitive
salary; ES — employment security; CHSR - community health services results

Statistics related to the structural model analysis are
reported in Table 3 and contain values for lower and upper
confidence intervals, path coefficients for all relationships
and t-values. Statistics of least square approach to structur-
al equation modelling revealed the CS is negatively related
to community health service results (CHSR) (f =-0.177,
p < 0.05). Study results noted that ES is positively and
statistically significant associated with CHSR (B = 0.296,
p <0.001), as well as TD (P = 0.359, p < 0.001). Results
showed that CPR, PA, and RS are positively related to
CHSR but not statistically significant.

Cross-validated redundancy index (Stone-Geisser Q?)
has been calculated for CHSR as endogenous latent vari-
able. The value of the coefficient Q* was recorded as 0.570
for the independent variable and this result demonstrated
an excellent score. For the same construct, the coefficient
of determination explained variance (R?) was calculated
to assess the model’s explanatory power. The R? value was
0.592 and revealed strong model’s explanatory power in-
dicating that the model provides an explanation for more
than 50% of the variance. Standardized root mean square
residual for the model was 0.059 and is significantly below
the 0.08 criterion [26]. Goodness-of-fit is recorded within
acceptable range.

DISCUSSION

The results of our study are consistent with the evidence
obtained in previous research, but at the same time they
bring new insight into the relationship between HRM
practices and CHSR. In general, the results of the statisti-
cal analysis confirmed that HRM is an important factor
for the operational capability of the healthcare system [1].
HR practice related to competitive salary has a significant
negative impact on CHSR. This result reveals that current
earnings in public health organizations do not meet the
criterion of external competitiveness. Indirectly, this mis-
match affects the motivational mechanism and weakens
the potential for providing quality patient care. ES records
a strong positive association with health service results
and gives an indication for an indirect conclusion that
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Table 3. Results of testing direct effects

The analysis of the individual relations in-

Relationship Path tvalue | . 95%Cl Results clude.:d in the research m.odel of our st'udy

coefficient (bias-corrected) provides a clear theoretical contribution.
CS — CHSR -0.177* 2.132 | [-0.335,-0.014] | Supported Confirmation of a statistically significant re-
CPR — CHSR 0.152 1.829 | [-0.009,0.315] | Not supported lationship between TD activities of HRM and
ES — CHSR 0.296*** 4.027 [0.157,0.442] Supported CHSR is in accordance with human capital
PA — CHSR 0.130 1.269 | [-0.076,0.325] | Not supported theory [29]. Investments in human capital con-
RS — CHSR 0.074 0693 | [:0.142,0277] | Not supported tribute to the creation of potential for increasing
D — CHSR 0.359™ 4.205 | [0193,0531] | Supported productivity and organization’s value towards
(C::r;;truct Stoner;i;i;ser @ oF:;29 ; OG;; improving knowledge and competence. The re-
P 0055 sults of the study also greatly support the key

TD - training and development; CPR - contingent pay and rewards; PA - performance
appraisal; RS - recruitment and selection; CS — competitive salary; ES — employment
security; CHSR - community health services results; GOF - goodness-of-fit; SRMR —

standardized root mean square residual
*p < 0.05;

**p <0.01;

®p < 0,001

healthcare organizations with a lower turnover rate achieve
good health service results [21]. HR practice related to
TD achieves the strongest relationship with health service
results. This unequivocally confirms that a wide range of
opportunities for learning and competence development of
employees in public healthcare organizations contributes
to the quality of health services. This relation is indirect
rather than direct and can be realized through the activa-
tion of intrinsic motivation which can have a positive effect
on job satisfaction [27] and create the potential for better
performance of healthcare professionals. Summarizing the
above, it can be concluded that the practice and policy of
HRM can play a significant role in increasing the quality
of health service results of public healthcare organizations,
both through improving patient care and quality of life [20,
28], and increasing client satisfaction [12]. Despite previ-
ous research that indicated the importance of managing
the performance of employees in healthcare organizations,
the results of our study did not reveal the association be-
tween performance appraisal and health service results [7].
An important result of the study is the absence of effects
of HR practices related to CPR, and staffing policy. This
provides an incentive for new research and focusing atten-
tion on certain elements of HR practice.
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Ynpas/mate /byaCKUM Pecypcuma M UCXoa, 34PaBCTBEHUX YC/yra — Pa3oTKpUBakbe
04HOCa Y jaBHUM 34paBCTBEHUM OpraHu3aLmjama

[paraH Epuh', Mapko CnaBkosuh?

'3aBog 3a 30paBCTBEHY 3aLUTUTY PafHUKa MUHMCTAapCTBa YHYTpaLLbMX NOC0Ba, beorpag, Cpbuja;

*Yuusep3utet y Kparyjesuy, EkoHomcku pakynter, Kparyjesau, Cpbuja

CAXETAK

YBoa/Linm Ynpasbatbe SbyAcKUM pecypcumMa U MoBe3aHe npak-
ce NpefcTaB/bajy WMPOKO NCTPaXMBAYKO NOApYyYje y OKBUPY
3[]paBCTBEHUX opraHu3auuja. lNpunarohasamwe npakcy ynpa-
BJbakba /byACKIM pecypcrma TeKyhrM ycioBrIMa Ha TRXKULLTY
paja 1 NocTn3ame opraHM3aL oHNX LnsbeBa y AOMeHY 3af0-
BOJbaBajyher KBanuTeTa 34paBCTBEHE yCyre NpefcTaBbajy
3HauajHe Tekyhe 13a30Be 1 CTBapajy M3a30B 3a UCTPaXKMBaHE.
Linmb cTyamje je pa ncnuta ogHoc n3mehy npakce ynpaerbarba
JbYACKMM pecypcrma 1 NCxopaa 3apaBCTBEHMX YCslyra 34paB-
CTBEHWX OpraHu3auuja y jaBHOM CeKTopy.

Mertope VcTpaxuBatbe je KOHLMMMPAHO Kao CTyAunja npeceka.
3a NprKyn/bake NpYMapHUX NoAaTaka KoOpULIAEH je CTpyKTY-
pVIpaHn YNUTHUK. Y30paK YnHu 257 34paBCTBEHUX pajHMKa
3aMoC/IeHNX Y 3APaBCTBEHUM OpraH/3aLjaMma y jaBHOM CeKTo-
py. 3a NpoLieHy CTaTUCTUYKe 3HauYajHOCTN OAHOCA Y UCTPaXK-
Ba4YKOM MOAeNy NMPUMEHEH je METOA CTPYKTYPHUX jefHaunHa.

DOI: https://doi.org/10.2298/SARH240319033E

PesyntaTtu Hawa cTyauja je nokasana Aa je npakca KOHKYPEeHT-
HMX 3apaja HeraTMBHO MOBE3aHa Ca MCXOLOM 34PaBCTBEHMX
ycnyra (8=-0,177, p < 0,05) 38paBCTBEHVX OpraHn3aLmja y jas-
HOM cekTopy. Pe3yntatu cTyauje cy nokasanu Aa je curypHocT
3anocsiera No3nNTUBHO NOBE3aHa ca UCXOLOM 34PaBCTBEHNX
ycnyra (8=10,296, p < 0,001), Kao 1 ca o6ykom 1 pa3Bojem 3a-
nocnenux (8= 0,359, p < 0,001).

3akspyyak Pesyntatu cTygmje umajy Teopujcke MMnavKaum-
je Kpo3 gonpuHoc noctojehoj Teopuju JbyACKOT Kanutana u
Teopuju GupMe 3aCHOBaHOj Ha pecypcuma. igeHTndumkaumja
npakKce ynpas/baha JbyACKUM pecypcrmMa Koja Mo3UTUBHO [0-
NPUHOCK NCXOAY 3APaBCTBEHMX YCiyra Aaje jacHe NpakTuuHe
UMMIIMKaLumje 3a MeHallepe 3apaBCTBEHMX OpraHu3aumja y
jaBHOM ceKTopy.

KrbyuHe peun: ynpassbatbe /byACK/M Pecypcrma; npakca ynpa-
BJbakba JbyACKVM PECYPCUMa; CXOA 3APaBCTBEHNIX YCyra; Op-
raHv3aunoHe neppopmaHce
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Adult-onset Still’s disease and Muckle-Wells
syndrome — two sides of the same coin?
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SUMMARY

Introduction Adult-onset Still's disease (AOSD), a systemic inflammatory disorder, often represents a
heterogeneous entity and diagnosis requires the exclusion of mimicking disorders, including autoinflam-
matory diseases. We present a patient who meets the diagnostic criteria for AOSD and Muckle-Wells
syndrome (MWS).

Case outline A 35-year-old male presented with lymphadenopathy and a chronic nonspecific rash,
fever spikes, widespread arthralgia, and joint effusions. Laboratory results showed increased inflamma-
tion, leukocytosis, neutrophilia, thrombocytosis, and elevated liver enzymes, accompanied by negative
immunoserological tests. Patient was diagnosed with AOSD and prednisone (15 mg/d), methotrexate
(10 mg/w) and chloroquine (250 mg/d) are introduced in therapy. Due to refractory course, patient was
introduced with anti IL-6 biological agent tocilizumab in 2014 (8 mg/kg monthly). However, after three
doses, the drug is stopped due to disease exacerbation. In 2015, there was suspicion that there was an-
other underlying disease from the autoinflammatory spectrum, but DNA analysis of the most common
mutations in the NLRP3 gene was negative. In 2017, an ear, nose, and throat specialist confirmed bilateral
sensorineural hearing loss, and in 2019, amyloidosis was confirmed after biopsy of the duodenum. Patient
fulfilled a new-proposed diagnostic criteria for MWS and confirmation of mutation in NLRP3 gene is not
obligatory according to Eurofever registry.

Conclusion The symptoms of AOSD and MWS partly overlap, as well as their diagnostic criteria. In chronic
refractory cases of AOSD, evaluation of diagnosis should be performed and autoinflammatory syndromes

must be kept in mind.

Keywords: adult-onset Still's disease; Muckle-Wells syndrome; autoinflammatory diseases

INTRODUCTION

Adult-onset Still's disease (AOSD), a rare sys-
temic inflammatory disorder, is often consid-
ered a part of the spectrum of the better-known
systemic-onset juvenile idiopathic arthritis,
with later age onset. The diagnosis is primar-
ily clinical and necessitates the exclusion of a
wide range of mimicking disorders. AOSD is a
heterogeneous entity, usually presenting with
high fever, arthralgia, typical salmon-pink skin
rash, lymphadenopathy, and hepatosplenomeg-
aly accompanied by systemic manifestations
and hyperferritinemia. Clinical presentation
is exceedingly variable and the disease has no
clinical, biochemical, or radiological biomarker.
The diagnosis is based on clinical and empirical
evidence, with patients meeting inclusion and
exclusion criteria and having negative immuno-
serological results [1, 2].

Autoinflammatory diseases are increasingly
recognized and are in the differential diag-
nosis of many disease states [3]. Cryopyrin-
associated periodic fever syndrome (CAPS)
is a group of monogenetic diseases consisting
of familial cold autoinflammatory syndrome
and presenting with urticaria triggered by cold,

Muckle-Wells syndrome (MWS) with fever,
hearing loss, rash and joint pain, and neonatal
onset multisystem inflammatory disease, a se-
vere neonatal disease. This CAPS entity repre-
sents a third most common autoinflammatory
disease, besides familial Mediterranean fever
and tumor necrosis factor receptor-associated
periodic syndrome [4]. CAPS is associated with
mutations in the NLRP3 gene (Nod-like recep-
tor Family Pyrin Domain Containing 3) which
encodes for protein cryopyrin. Cryopyrin asso-
ciates with the apoptosis-associated speck like
protein and pro-caspase 1 to form the NLRP3
inflammasome, which is important for activa-
tion of pro-interleukin 1f (IL-1p) to mature
IL-1B [5]. Consequently, CAPS can be treated
with anti-IL-1p therapy [6]. Some patients with
more diffuse inflammatory symptoms together
with NLRP3 mutations have been classified as
“atypical” CAPS.

According to recently published papers,
AOSD and CAPS (especially MWS) share a
few similarities in pathogenesis. That explains
a similar epidemiology, clinical presentations of
both conditions which is difficult to differenti-
ate and good response to anti IL-1 treatment [6,
7]. We describe a patient with inflammatory
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Figure 1. Mixed inflammatory i

nfiltrate composed of neutrophils, eosinophils, and
lymphocytes is present in the papillary and reticular dermis (1a); at high magnifica-
tion, the presence of neutrophils within the sweat gland ducts (epitheliotropism) can
be observed (arrow) (1b)

Radunovic¢ G. et al.

rash was associated with fever spikes (< 38°C),
widespread arthralgia and left knee effusion.
Analysis of the left knee aspirate showed
nonspecific inflammatory synovial fluid.
Laboratory results showed increased inflam-
mation (ESR 48 mm/h, CRP 80 mg/1), leukocy-
tosis (19.1 x 10%/L), neutrophilia (12.5 x 10°/L),
thrombocytosis (654 x 10°/L), anemia of
chronic disease and elevated enzymes, slight
above upper reference limit (AST, ALT, lactate
dehydrogenase), with negative immuno-sero-
logical tests: rheumatoid factor, anti-citrulli-
nated protein antibodies, anti-double stranded
DNA antibody, anti-Smith antibody, anti-SSA/
Ro autoantibodies, anti-SSB/La autoantibod-

ies, antineutrophil cytoplasmic antibodies, and

cryoglobulins. Ultrasound of the abdomen re-
vealed slight hepatosplenomegaly, while con-
ventional radiography of the knees, hands, and
feet excluded chronic erosive arthritis. A spe-
cialist of infectious diseases and a hematolo-
gist were again consulted for exclusion of these
diseases (most common tumor markers were
negative). According to patient history, clini-
cal findings and course of the disease, imag-
ing techniques results and laboratory findings
patient is diagnosed with AOSD; diagnosis is
based on presence of lymphadenopathy;, slight

Figure 2. Eosinophilic deposits of amyloid are observed in the lamina propria of the
duodenum (2a); immunohistochemical staining for amyloid A shows positivity (2b)

symptoms fulfilling a few proposed sets of diagnostic/
classification criteria of AOSD but also fulfilling a new
proposed diagnostic criterion of MWS.

CASE REPORT

In late 1999, a 35-year-old man presented with chronic
nonspecific maculopapular exanthema of the trunk, up-
per, and lower limbs, accompanied by axillar and inguinal
lymphadenopathy. In 2000, the patient was admitted to
the Clinic of Allergology and Immunology of the Clinical
Centre of Serbia. Laboratory results showed increased
markers of inflammation [erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP)], leukocytosis,
thrombocytosis and elevated hepatic enzymes [aspartate
transferase (AST), alanine transferase (ALT), gamma-
glutamyl transferase]. After exclusion of hematological
malignancies (lymph node and bone marrow biopsy was
performed on two occasions) and infections (virus serolo-
gies, hemocultures, stool, and urine cultures were nega-
tive) patient was diagnosed with idiopathic chronic urti-
caria and reactive lymphadenopathy. In 2003, the patient
was hospitalized twice during a short period: first at the
Clinic of Dermatovenereology and then at the Institute
of Rheumatology due to lymphadenopathy and chronic
non pruritic urticaria resistant to treatment. Urticarial

‘ DOI: https://doi.org/10.2298/SARH240115034R

hepatosplenomegaly, leukocytosis, neutrophilia
and thrombocytosis, elevated hepatic enzymes,
non-erosive polyarthritis, fever, and atypical
urticarial rash. The patient met the proposed
diagnostic and classification criteria for AOSD, as outlined
by Cush et al. [8], Fautrel et al. [9], and Calabro, primar-
ily using the Yamaguchi criteria. Prednisone (15 mg/d),
methotrexate (10 mg/w) and chloroquine (250 mg/d) are
introduced in the therapy. From 2003 to 2011 the patient
was hospitalized at the Institute of Rheumatology several
times due to persistent low-grade fever, articular and skin
symptomatology, which were resistant to treatment (in-
stead of chloroquine leflunomide was introduced, dosage
of prednisone and methotrexate was increased with wide
symptomatic therapy). According to literature, the first line
treatment for chronic refractory (dominantly articular) of
AOSD is IL-6 inhibitors and tocilizumab is proposed for
further therapy [10]. Biological agent was introduced to
therapy in 2014 (8 mg/kg monthly) and after three doses
of tocilizumab, the drug was stopped due to disease exac-
erbation. Laboratory findings indicated intense increase
in inflammatory markers, with marked leukocytosis, neu-
trophilia and thrombocytosis. Due to the exacerbation of
the skin changes, skin biopsy was performed, and results
showed urticaria with the mixed lymphocyte/neutrophil
infiltration (Figure 1A and 1B).

At that time, the patient reported a bilateral hearing
impairment which was a new symptom in clinical course
of the disease, accompanied by persistent slight proteinuria
(< 300 mg). All immune-serological tests for vasculitis and
other systemic rheumatological conditions were negative

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):289-292
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again. In 2015, for the first time, there was suspicion about
another underlying disease, and blood sample for DNA
analysis is sent to a foreign laboratory for testing for the
most common mutations in NLRP3 gene, but the tests was
negative. In 2016, the patient was prescribed with anti-
gout agent colchicine 0.6 mg daily with dosage increase up
to 1.8 g daily in 2018, with poor medication compliance.
Regarding the clinical course of the disease, in 2017 an
ear, nose, and throat specialist confirmed bilateral sen-
sorineural hearing loss after severe hearing impairment.
Serum amyloid A (SAA) was highly increased in the sera
of the patient in April 2019 (968 mg/L, cut off 6.4), biopsy
of abdominal fat pad was inconclusive due to severe weight
loss, but amyloidosis is definitely confirmed after biopsy
of duodenum in 2019 due to persistent gastrointestinal
bleeding (Figure 2A and 2B).

These three manifestations — urticaria, hearing loss, and
amyloidosis — were first described as UDA syndrome in
1962 by Muckle and Wells [11]. In July 2019, due to the
chronic course of the disease and no response to previous
therapy, there was a request from a rheumatologist to the
Republic Expert Committee for Rare Diseases for anti IL-1
drug treatment (anakinra or canakinumab). However, this
request was not approved, so patient continued to take 10
mg of prednisone daily and 15 mg of methotrexate, and
this was the very last data from patient’s medical record.

All procedures were carried out in compliance with the
institutional and/or national research committees’ ethical
standards, as well as the 1964 Helsinki Declaration and its
revisions or similar ethical standards. The patient provided
written permission to publish all shown material.

DISCUSSION

The patient fulfilled a newly proposed diagnostic criteria
for MWS and confirmation of mutation in NLRP3 gene is
not obligatory according to Eurofever registry [12, 13]. To
the best of our knowledge, and after extensive literature
search, only two papers are published about association
of AOSD and MWS in the past ten years [14, 15], but the
diagnosis was still uncleared in our patient only. However,
authors of recently published papers report new mutation
in NLRP3 gene, thus, directing all of us to look for new
mutations and variants [16, 17]. Both MWS and AOSD are
characterized by urticaria which exhibit specific histologi-
cal characteristics that distinguish them from urticaria not
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associated with systemic diseases. Specifically, urticaria
seen in MWS and AOSD is characterized by the presence
of epitheliotropism (neutrophils within epithelial struc-
tures of the epidermis or eccrine sweat glands) [18]. The
presence of epitheliotropism in skin biopsies of patients
with urticaria should raise suspicion and warrant further
investigations for underlying autoinflammatory conditions.

Both, MWS and AOSD, can present with secondary
amyloid A (AA) amyloidosis as a complication [19]. It
is characterized by the extracellular deposition of fibrils
composed of fragments of the SAA protein; a major acute-
phase reactant protein primarily produced by hepatocytes.
AA can be detected through histochemical staining with
Congo red or immunohistochemical staining for AA
(Figure 2A and 2B).

The symptoms of AOSD and CAPS, especially MWS,
overlap, as well as diagnostic criteria, so different sets
of criteria may be challenging. Our patient fulfilled the
Yamaguchi (and other proposed) criteria, responded par-
tially to higher doses of steroids and conventional synthetic
disease-modifying antirheumatic drugs, with lymphade-
nopathy, hepatosplenomegaly and elevated liver enzymes
supporting AOSD as primary diagnosis. Bilateral senso-
rineural hearing loss is suggestive for phenotypic CAPS/
MWS. Other characteristics such as arthralgia/arthritis,
leukocytosis, thrombocytosis, neutrophilia and anemia
can be seen in both conditions. Regarding the nonspecific
urticarial rash as well as confirmed amyloidosis, they also
can be seen in both conditions.

Unfortunately, the patient died at home, in late 2019; an
autopsy was not performed, so a possible cause of death
could be macrophage activation syndrome [20], the most
severe complication, gastrointestinal bleeding, or a car-
diovascular event.

The treatment of choice for both conditions, refrac-
tory AOSD and MWS, is IL-1 inhibition (anakinra or
canakinumab), with canakinumab showing long-term ef-
ficacy and safety [21]. In September 2022, the first anti IL-1
drug (canakinumab) was registered in Serbia for pediatric
monogenic autoinflammatory diseases as well as refractory
AOSD. In chronic refractory cases of AOSD, evaluation
of diagnosis should be performed, and autoinflammatory
syndromes must be kept in mind in differential diagnosis
because both diseases are highly heterogeneous and share
wide similarities.
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Ctunosa 6onect ogpacanx u Makn-Bencos cuHapoM — ABe CTpaHe UCTe Megasbe?
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CAMETAK

YBog CtunoBa 6051eCT ofjpacivix je CUCTEMCKO 3anarbeHCKO
obosbere Kof Kojer NocTaB/bake AvjarHo3e 3axTeBa npet-
XOLHO UCKIbYUMBake CIMYHUX 060Sbera Kao LITO Cy ayTo-
3anasbeHcke 6onectu. Mpukasahemo 6onecHuKa ca cucTem-
CKOM 3anasbeHCKoM bonelhy Koju NCTOBPEMEHO UCMyHaBa
AunjarHocTnyKe Kputepujyme 3a Ctunoy 6onect ogpaciux un
Makn-Bencos cuHgpom.

Mpuka3s 6onecHuka Kopg 35-roguimer MyllKapLa ce MaHu-
decToBana numdageHonaTnja ca XPOHMYHUM HecneLndUyHUM
KOXXHMM MPOMeHaMa, CKOKOBMMa MOBHLLEHE TeNecHe Temne-
patype, 6on0BMMa 1 oToLMMa 3rn06oBa. Y nabopatopujckum
aHanmsama cy BuhHeHn NoBULLIEHN MapKepy 3anarbetba, neyKo-
LMTO33, HeyTpopUMja, TPOMOOLIMTO3a 1 MOBWLLEHN JETPEHM EH-
3VIMU, JOK CY CBU VIMYHOCEPOJIOLIKI TECTOBM GUMI HEraTUBHU.
MocTaBrbeHa je anjarHo3a CTunoBe 6onecTy ogpacvx 'y Tepa-
nujy Cy yKibydeHn npoHncoH® (15 mg/d), meTotpekcart (10 mg/n)
1 XJIOPOKBYH (250 mg/d). 360r pedpakTopHOr ToKa 6onectu,
2014. roanHe je yKIbyueH 61onoLKM aHTU [L-6 nek ToLmnmnsymab

DOI: https://doi.org/10.2298/SARH240115034R

(8 mg/kg meceuHo), anu je nek obycTaB/beH nocsie Tpu fo3e
360r noropluarba 6onectu. Tokom 2015. roavHe NocTaB/beHa

je CymMrba Ha Apyro 06osbetbe U3 CNEKTPa ayTo3ana/beHCKMX

6onecty, anu je [IHK aHanm3a Hajuewhinx myTauuja y rery NLRP3
6vna HeratuBHa. Cneuwjanucta OPJl je 2017. rognHe NOTBPAMO
AnjarHo3y 060CTpaHor ceH3opuHeypanHor owTteherba ciyxa, a
2019. rogvHe je notBpheHa 1 AnjarHo3a aMuIona03e Ha OCHOBY
6uoncuje pyoaeHyma. Ha ocHoBY HOBYX CUMMTOMa, 60NECHUK

je MCnyHNo HOBOMpPeJIoXKeHe ANjarHOCTUYKe KpuTeprjyme 3a

Makn-Bencos cungpom 1 notepga mytaumje y NLRP3 reHy Huje
61na HeonxofHa 3a JujarHosy.

3akmyuak Cumntomu CTunose 6onectn ogpacnux n Makn—
Bencosor cuHapoma AenuMnYHo ce npeknanajy, Kao U hUXoBK
AVjarHOCTUYKK KpuTtepujymu. MoTpebHa je peesanyalija aunja-
rHo3e CTunoBe 60ecTy Kof CBUX 60NIECHVIKA Ca PePPAKTOPHUM
TOKOM 6051eCTI, Ca OCBPTOM Ha ayTo3ana/beHcKe 6onectu.

KmyuHe peun: Ctunoa 6onect ogpacnux; cuHgpom Makn—
Benc; ayTo3anasbeHcke 6onectu
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SUMMARY

Introduction Desmoid-type fibromatosis (DF) is a benign but locally infiltrative soft tissue tumor that
develops from fascia and musculoaponeurotic tissue with high local recurrence rate. The aim of this article
was to present a case of recurrent DF of the chest wall and chest wall reconstruction after tumor resection.
Case outline A 62-year-old man came for an examination due to a tumor localized on the right anterior
chest wall. The previous year, the patient had undergone surgical excision of DF of the abdominal wall.
Physical examination found a firm and painless 6-7 cm mass on the right side of the chest wall with
no swelling of superficial lymph nodes. A computed tomography scan revealed a homogenous mass
of soft tissue density, measuring 7.12 X 4.23 cm, arising from right anterolateral wall of thoracic cage
with adjoining ribs destruction. The patient was taken to surgery, and right thoracotomy was done with
excision of tumor along with resection of the eighth, nineth and tenth rib. The results of pathological
examination were consistent with the frozen section, and the patient was diagnosed with DF. Despite
the absence of postoperative radiotherapy, there was no evidence of local recurrence two years later.
Conclusion Surgical treatment of recurrent DF of the chest wall requires a wide resection with negative
margins. Multidisciplinary approach in case of full-thickness defect of the chest wall and combination of
pedicled muscle flap and polypropylene mesh are important to provide chest wall stability.
Keywords: fibromatosis; chest wall resection; surgery

INTRODUCTION

Desmoid-type fibromatosis (DF) is a benign
but locally infiltrative soft tissue tumor that
develops from fascia and musculoaponeurotic
tissue [1]. DF was first described in the abdom-
inal wall and later in the extremities and chest
wall with high incidence of local recurrence [1,
2]. Recurrent DF displayed a different biologi-
cal behavior then primary disease and excision
of recurrent DF is associated with high risk of
further recurrence [2]. Treatment of recurrent
DF with infiltration of ribs is challenging and
requires a multidisciplinary approach [3].

We present a case of full-thickness chest
wall reconstruction with a pedicled latissimus
muscle flap (LD) and polypropylene mesh after
the resection of recurrent DE

CASE REPORT

A 62-year-old man presented with a two-months
history of a right chest wall mass. The patient
had undergone surgical excision of DF of the
abdominal wall the previous year. Physical ex-
amination found a firm and painless 6-7 cm
mass on the right side of the chest wall attached
to the deep tissues with no swelling of super-
ficial lymph nodes (Figure 1a). A computed

tomography scan revealed a homogenous mass
of soft tissue density, measuring 7.12 x 4.23 cm,
arising from the right anterolateral wall of the
thoracic cage with adjoining ribs destruction
(Figure 2). The patient was taken to surgery,
and right thoracotomy was done. Wide resection
with a tumor free margin (> 3 cm) along with
the resection of adjacent muscles of chest and
abdominal wall and the eighth, nineth, and tenth
rib were performed (Figure 1b and 1c). The re-
insertion of diaphragm and reconstruction of
the abdominal wall with polypropylene mesh
were performed as well (Figure 1d and 1e). The
right LD was harvested and transposed through
subcutaneous tunnel to the full-thickness chest
wall defect (Figure 1fand 1g). Primary closure of
wounds using four Redon drains was performed
(Figure 1h). The patient was transferred to the
intensive care unit and moved to general care
after 24 hours. He was discharged from the hos-
pital after eight days. The sutures were removed
on day 14 after the surgery. The results of path-
ological examination were consistent with the
frozen section, and the patient was diagnosed
with DE. Despite the absence of postoperative
radiotherapy, there was no evidence of local re-
currence two years later (Figure 1i).

All procedures performed were in accor-
dance with the ethical standards of the institu-
tional and/or national research committee and
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Figure 1. a - Patient presenting a desmoid-type fibromatosis on the right anterolateral chest wall; b - full-thickness defect after
resection of desmoid-type fibromatosis; ¢ — surgical specimen showing the tumor with adjacent ribs segment; d — reinsertion of
diaphragm; e, f, g, and h - subsequent reconstruction of full-thickness chest wall defect and abdominal wall defect with poly-
propylene mesh and pedicled latissimus dorsi muscle flap; i — postoperative result after two years

with the Helsinki Declaration and its later amendments or
comparable ethical standards. Written consent to publish
all shown material was obtained from the patient.

DISCUSSION

Chest wall tumors have broad potential etiologies and
surgery is considered a potentially curative treatment

‘ DOI: https://doi.org/10.2298/SARH240421044E

[4]. Around 20% of DF are located in the chest wall. DF
has a high local recurrence rate, and the goal of surgery
is achieving negative margins without causing critical
functional defects. The positive margins after resection
are associated with high incidence of local recurrence [5,
6]. Aggressive and extensive resection are very impor-
tant in successful management of DF. In the case when
DF invade vital structures, obtaining negative margins
often represents a therapeutic challenge for thoracic and

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):293-296



Full-thickness chest wall reconstruction after resection of recurrent desmoid-type fibromatosis

Figure 2. A computed tomography scan of the chest: tumor of the
right anterolateral chest wall, dense tissue tumor arising from the an-
terolateral chest wall

reconstructive surgeons [4, 7]. Other treatment options for
DF include radiation therapy, chemotherapy, antihormone
agents, and tyrosine kinase inhibitors [1, 5]. Radiotherapy
is recommended for patients with positive margins or un-
resectable tumor [8]. Treatment of recurrent DF of the
chest wall remains a challenge due to infiltration of mus-
cles and bone structure [1, 9].

In this case, we performed full-thickness anterolat-
eral chest wall reconstruction with polypropylene mesh
and LD after radical excision of DE The DF invaded the
eighth, nineth, and 10th rib with adjacent muscles. The
full-thickness chest wall reconstruction must provide chest
wall stability and avoid paradoxical motion [5, 10].
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The chest wall defects after resection of four or less
consecutive ribs can be stabilized with Gore-Tex patch
or polypropylene mesh with providing a good soft tis-
sue cover for alloplastic materials [6, 7]. The alloplastic
materials are to be used in chest wall reconstruction, but
they carry the risk of infection. In case of infection, the
alloplastic material must be removed [3, 8]. Wide range
of the muscle or musculocutaneous flaps can be used to
cover alloplastic materials and support chest wall stability
such as LD, rectus abdominis flap, pectoralis major flap,
omentum flap, or thoracoepigastric flap [11, 12]. The LD is
a good choice for chest wall reconstruction in combination
with ribs graft or alloplastic materials [12, 13]. The LD flap
has minimal donor site morbidity without changes in the
shoulder movement. The muscle flap’s arch of rotation and
effective length may be increased by dividing its humeral
insertion. The disadvantages of harvesting the LD are vis-
ible donor scar and seroma formation [13].

The treatment of DF of the chest wall is very compli-
cated and requires a multidisciplinary approach. A wide
excision with clear resection margins of DF has lower risk
of local recurrence. Full thickness defect of the chest wall
after wide excision of tumor requires reconstruction with
polypropylene mesh and local pedicled muscle or muscu-
locutaneous flaps.
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CAMETAK

YBop [leamonaHa dprbpomatosa (D) je 6eHUrHN anu noKanHo
VNHGUATPATVBHU TYMOP MEKOT TKIBa KOjU HacTaje of pacLiuje n
MYCKYN0arnoHeYPOTUYHOT TKIBA, Ca BVICOKOM CTOMOM JIOKaJTHOT
peuunausa.

Linmb oBora pafia 610 je ga ce npukaxe ciyyaj pekypeHtHe 1O
311Aa FPYAHOT KOLUA 1 PEKOHCTPYKLMja 3uAa FpyAHOT KoLua no-
cne oAcTparberba Tymopa.

Mpukas 6onecHnka MNprkasaH je MyLLKapaL, CTapocTy 62 rogu-
He, Koju Aonasy Ha npernes 360r TyMOPCKe NMPOMEHE JIOKani3o-
BaHe Ha ieCHOj CTpaHuW Npefrber 3vaa rpyaHor Kowa. bonecHnk
je nopBprHyT XMpypLIKoj ekcumsnju 1O npeTxoaHe roagvHe.
OusvkanHum npernepom yTBpheHa je uBpcTa v 6e3bonHa Maca
BeNNYMHe 6-7 cm ca [leCHe CTpaHe 31aa rpyaHor Kolua 6e3 yBe-
haBarba NOBPLUMHCKMX MMMPHKX YBOpOBa. KommjyTeprizoBaHa
Tomorpaduja je OTKpMIAa XOMOreHy Macy rycTiHe MeKor TKIBa,
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avmeHsnja 7,12 X 4,23 ¢cm, Koja nonasu u3 fecHor npearer
cnosballkber 3uga rpyaHor KoLa ca AeCTPYKLMjOM CyCeaHUX
pebapa. bonecHuk je onepucaH, ypaheHa je fecHa TopakoTo-
MWja ca OfCTparbyBakbeM TYMOPA U PECEKLIjOM OCMOT, JeBETOT
1 pecetor pebpa. Pe3ynTtaTv NaToXMCTONOLWKOF Npernesa cy
6vnun y cknagy ca ex tempore 6rioncumjom, a bonecHuky je auvja-
rHoctrkoBaHa 1. YnpKoc oAcycTBy paguotepanuje, Huje 6uno
NOKaNHOr peuunanea nocne Ase roguHe.

3aKrbyuak XvpypLIKo feyere peKypeHTHe [ 3upa rpyaHor
KOLLIa 3aXTeBa WNPOKY peceKLujy ca HeraTBHUM pyboBuMa.
MynTuancuunamHapHy NprucTyn y ciyyajesrma gedekata nyHe
AebrbrHe 3uaa rpygHor Kolla 1 KoMbrHaLvja neTerbKacTux
MULLAHMX peXHbeBa 1 NONNMPONUIEHCKE MPEXMLIE BaXKHU CY
3a 0be36ehuBame CTabUnHOCTY 31aa FPYAHOT KoLLa.

KmbyuHe peun: prbpomaTtosa; pecekuyja 3viaa rpyAHOr KOLLa;
Xupypruja
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SUMMARY

Introduction Surgery of the primary tumor following extended course of chemoimmunotherapy has
only recently been recognized as a feasible and safe option for selected groups of patients with initially
unresectable non-small cell lung cancer.

Case outline Here we report a case of a 49-year-old female patient, who never smoked, that was diag-
nosed with metastatic non-small cell lung cancer. Lesions were evident in both lungs and the brain. She
underwent stereotactic radiosurgery for brain metastases and combination therapy of chemotherapy,
atezolizumab and bevacizumab. Response to therapy was both remarkable and durable. Ten cycles into
treatment, magnetic resonance imaging of the brain revealed no metastatic lesions. Positron emission
tomography / computed tomography revealed a single lesion in the right upper lobe 22 X 23 mm in
diameter. The patient underwent a right upper lobectomy. Pathohistological evaluation of the specimen
revealed complete pathologic response. The patient recovered from surgery and continued chemoim-
munotherapy. Four months post-surgery she is disease free and of excellent performance status.
Conclusion Primary tumor surgery following extensive chemoimmunotherapy regiment is feasible and
could be considered as a treatment option. Further research is warranted to define a patient population
that stands to benefit the most from this modality.

Keywords: chemoimmunotherapy; combination therapy; atezolizumab; lung cancer; thoracic surgery

INTRODUCTION

Immune checkpoint inhibitors (ICI) based
therapies have become standard of care for the
treatment of metastatic non-oncogene addicted
non-small cell lung cancer (NSCLC) leading
to significant and durable responses in some
patients [1]. Recently, surgery of the primary
tumor following extended course chemoim-
munotherapy therapy has been deemed fea-
sible and safe in selected patients with initial
diagnosis of unresectable NSCLC [2, 3]. While
there is evidence that local radical therapy is
beneficial aid to immune checkpoint inhibi-
tor based systemic therapy in improving clini-
cal outcomes of patients with oligometastatic
NSCLGC, the role of primary tumor surgery
remains undefined [1]. Here we report a case
of an oligometastatic NSCLC patient that suc-
cessfully underwent primary tumor surgery fol-
lowing remarkable response to extended course
of chemoimmunotherapy, antiangiogenic agent,
and stereotactic radiosurgery (SRS).

CASE REPORT

A previously healthy 49-year-old female pa-
tient, who never smoked, presented to the
emergency room after a transient loss of con-
sciousness. Magnetic resonance imaging (MRI)
of the brain revealed four lesions — two in the
left temporal lobe and another two in the left
frontal lobe. Further radiographic evaluation of
the chest and upper abdomen revealed a spicu-
lated lesion in the right upper lobe 55 x 43 mm
in diameter, a subpleural nodule in the left up-
per lobe 10 mm in diameter. Signs of necro-
sis were evident in the right hilar mediastinal
lymph nodes (Figure 1). Pathohistological eval-
uation of transbronchial biopsy specimen of the
lesion in the left upper lobe confirmed the diag-
nosis of lung adenocarcinoma. Results of EGFR
mutations and ALK translocations testing came
back negative, and the tumor was found to have
programmed death ligand1 (PD-L1) tumor
proportion score (TPS) of 10%. Given her ex-
cellent performance status decision was made
to start the treatment with the combination of
chemotherapy, atezolizumab, and bevacizumab.
The patient also underwent SRS procedure for
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chemoimmunotherapy. The postoperative
period was uneventful. Pathohistological
evaluation of the surgical specimen revealed a
pathologic complete response (pCR). She has
since continued atezolizumab-bevacizumab
therapy and is without tumor reoccurrence
four months after surgery.

All procedures performed in studies involv-
ing 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
amendments and comparable ethical stan-
dards. Written consent to publish all shown
material was obtained from the patient.

DISCUSSION

Figure 1. Magnetic resonance imaging of the brain revealing brain metastases in the left

frontal and temporal lobes (A, B); multi-slice computer tomography of the chest showing
tumor mass in the right upper lobe (C), and a spiculated nodule in the left upper lobe (D)

as well as mediastinal lymphadenopathy

Figure 2. Magnetic resonance imaging of the brain preformed after stereotactic radiosurgery
procedure with no detectable lesions (A, B); positron emission tomography / computed to-
mography following ten cycles of systemic therapy, showing a maintained partial response
to therapy and a significant radiopharmaceutical uptake in markedly reduced tumor mass
(C,D,E)

the treatment of brain metastases (BM). The radiographic
evaluation following the first four cycles revealed partial
response per iRECIST criteria with more than 45% reduc-
tion in sum of target lesion diameter. MRI of the brain fol-
lowing the SRS procedure showed complete disappearance
of the lesions without residual signal changes. Following
the eighth cycle of therapy, a further reduction of 17% of
sum of target lesions was displayed. Ten cycles into treat-
ment another MRI of the brain revealed no metastatic le-
sions and PET/CT was performed. (Figure 2) Significant
uptake of fludeoxyglucose (SUVmax 4.8) was evidenced
only in the lesion in the right upper lobe now 22 x 23 mm
in diameter and in the right hilar lymph nodule. The pa-
tient underwent a right upper lobectomy with the removal
of 12 lymph nodes from the 4R,10R,11R and seventh sta-
tion ten months after commencing the treatment with

Chemoimmunotherapy is now the standard
of care for patients with metastatic non-on-
cogene addicted NSCLC with PD-L1 TPS
of 1-49% [1]. With several chemoimmuno-
therapy regiments recommended, selecting
the optimal for a particular patient is a task
encountered repeatedly by tumor boards
worldwide. Siciliano et al. [4] compared
different ICI based treatment strategies for
advanced NSCLC in a recently published
metanalysis. They found that atezolizumab-
bevacizumab-chemotherapy was best ranked
in terms of progression free survival (PFS)
in non-squamous NSCLC and PD-L1 TPS
1-49% subgroups of patients. Atezolizumab-
bevacizumab-chemotherapy ranked best over-
all for objective response rates [4]. Impressive
objective response rates and estimated PFS
make this regiment suitable for downstaging
of advanced non-squamous NSCLCs as evi-
denced in our patient’s case.

Repots and case series of primary tumor
surgeries following downstaging after systemic
mono-ICI therapy only recently started surfac-
ing as operating on such patients was deemed risky due to
mediastinal and hilar fibrosis that occurs in response to ICI
treatment, proving their feasibility in selected group of pa-
tients [3, 5, 6, 7]. Recently, reports of patients safely under-
going pulmonary resection following chemoradiotherapy
and durvalumab maintenance for initially unresectable
NSCLC have been described [6]. This highlights the fea-
sibility of primary tumor surgery even in situations where
higher rates of mediastinal and hilar fibrosis are expected.

Chemoimmunotherapy regiments have now found their
place in neoadjuvant setting. Results of CheckMate816 tri-
al, evaluating nivolumab-chemotherapy versus chemother-
apy alone as neoadjuvant regiment for resectable NSCLC
demonstrated significant rates of pCR in the experimental
arm (24% vs. 2.2%, p < 0.0001) highlighting the efficacy
of ICIs in this setting [8]. Similar rates of pCR (23.1%)
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were observed by Galetta et al. [3] in patients undergo-
ing surgery of primary tumors for previously unresectable
NSCLC after tyrosine kinase inhibitor and ICI treatment.
After median follow-up of 28.7 months, 82% of patients
were alive and the projected five-year survival rate is 66%
[3]. In another publication, Higuchi et al. [2] reported
PCR rate of 30.8% and two year overall survival rate of
76.2% for advanced NSCLC patients that received mono
or chemoimmunotherapy. The median systemic treatment
duration prior to surgery of the primary tumor was 10.1
months, similar to our case. None of the patients’ treatment
regimen however, included an antiangiogenic agent. To the
best of our knowledge this is the first case of surgery of
the primary tumor following the systemic treatment that
includes chemotherapy, atezolizumab and bevacizumab
for metastatic NSCLC [2]. Both publications mentioned
above included patients with BM at baseline, showing that
surgery of primary tumor could be considered following
BM treatment. He et al. [9] found that upfront treatment
of BM followed by surgery of primary NSCLC was asso-
ciated with improved survival. Authors concluded that it
was the patients that received brain surgery as opposed to
radiotherapy for BM treatment derived the most benefit
[9]. None of the patients however received ICI in the men-
tioned study. The abscopal effect has been well recognized,
therefore it could be hypothesized that the patients on ICI
based therapy stand to benefit more from the addition of
BM radiotherapy than those treated with chemotherapy
alone [10]. In addition to that, bevacizumab is thought
to trigger T-reg cell proliferation and increase T cell in-
filtration and thus could have contributed to chemoim-
munotherapy efficacy in our case [11]. Furthermore, an
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exploratory analysis of IMpower150 trial found that com-
bination of atezolizumab and bevacizumab could delay the
onset of new brain lesions [12]. With all of this in mind
decision has been made to continue with the atezolizumab-
bevacizumab maintenance therapy as per IMpower150
trial protocol following surgery of the primary tumor [12].
Oligometastatic NSCLC is a vaguely defined condition due
to its heterogeneity, but it is thought to be best managed by
combining systemic and local radical therapy [1] Surgery
of the primary tumor after downstaging is now consid-
ered feasible following extended course of chemoimmu-
notherapy and could provide a good chance for long-term
survival for some initially unresectable NSCLC patients.
Pathological downstaging and pCR rates after surgery for
initially unresectable NSCLC, post-extended chemoim-
munotherapy are similar to those in pivotal neoadjuvant
trials for resectable NSCLC. pCR has been adopted as an
endpoint in neoadjuvant trials for resectable NSCLC and
has been associated with favorable clinical outcomes [8].
Its role should be carefully evaluated in patients with ini-
tial diagnosis of metastatic NSCLC even after successful
downstaging, as it may not reflect complete eradication of
the disease thus leaving a gap in knowledge regarding the
optimal postoperative treatment and follow-up strategies.

Due to the present widespread use of chemoimmuno-
therapy and its efficacy, more patients are expected to be
eligible for surgery of the primary tumor following down-
staging. Further research is warranted to define a patient
population that stands to benefit the most from this mo-
dality as opposed to multidisciplinary treatment without it.
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KomnnetaH natonowku oarosop nocne onepauuje npUMapHoOr Tymopa M npumeHe
XeMOMMYHOTEpanuje U CTepeoTakTUYHe PagMoXMpypruje UHULKMjaNHO MeTacTaTCKor

HecutHohenujckor KapuuHoma nayha

®unun Mapkosuh', Hukona Hukonuh', Hukona Yonuh? Miunan Casuh34, Muxanno CrjenaHosuh'#

'YHUBeP3NTETCKN KNMHIUYKI LeHTap Cpbuje, KnuHuka 3a nynmonorujy, beorpag, Cp6uja;
2YHnBep3nUTeTCKI KNUHUYKM LieHTap Cpbuje, LieHTap 3a pagronorujy 1 marHeTHy pe3oHanLy, beorpag, Cpbuja;
*YHnBep3uTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a rpyaHy xupyprujy, beorpag, Cpbuja;

*YHuBep3uTteT y beorpagy, MeguuuHckm dpakyntet, beorpag, Cpbuja

CAXETAK

YBop Xvipypruja npumapHoOr Tymopa nocie gyrotpajHor ne-
Yyera XeMOVMyHOTepanvjomM HeAaBHO je Npeno3HaTa Kao n3-
BOAJbMBA 1 6e36efHa onuymja 3a ogabpaHe rpyne 6onecHmKa
C MHULMjaNHO HepeceKTabnnHUM HeCMTHOReNMjcKUM KapLu-
Homom nnyha.

Mpukas 6onecHuka MNpepactaBbamo cyyaj 49-roguilkbe bone-
CHULe, HemyLUaya, KO Koje je AjarHoCTKOBaH MeTacTaTCKu He-
cnTHohenujckn KapuuHom nnyha. ViHmupjanHo metactatcke ne-
3uije 6une cy npucyTHe y oba nnyhHa kpvna 1 mo3ry. MoxpaHe
MeTacTase Cy TpeTpaHe CTePeoTaKTUUHOM PafVoXMpPyprijom,
a CMCTEMCKO Jleyetbe je 3anoyeTo NprUMeHOM XxemMoTepanuje,
aTe3o0/1M3ymabom 1 6eBaLiu3ymabom. OaroBop Ha Tepanujy 61o
je n3yseTtHo fobap v fyroTpajaH. Mocne gecet UyKnyca Tepanu-
je, Ha MarHeTHoj pe3oHaHLUM eHAO0KPaHWjyMa HUCY AeTeKTOBa-
He meTacTaTcke ne3uje. CKPYHUHT NO3UTPOHCKOM EMUCUOHOM

DOI: https://doi.org/10.2298/SARH240129031M

ToMorpadujom / KoMnjyTeprm3oBaHOM TOMOPadprjom OTKPUO
je camo jefiHy ne3njy y JECHOM FOpHEM pextby, AUMEH3Vja
22 x 23 mm. bonecHuua je nofgBPrHyTa 106€KTOMMj1 AecHOr
ropmer pexta. [latoxmcronoluka aHanm3a y3opka nokasasna
je noTnyHu naTonoLwKn oarosop. bonecHuua ce onopasuna
1 HacCTaBWa fleyere XeMoMMyHoTepanujom. YeTrpu meceua
rocsie XMpypLIKOr 3axBaTa, 6onecHuLa je 6e3 getekTabunHe
6051eCTV M OANMYHOT OMLUTET CTakba.

3aksbyy4ak Xvipypruija npyuMapHor Tymopa nocie npopy»KeHor
peXkrMa XeMoVIMyHoTepanvje N3BOA/blBa je 1 MoXe Ce cMaTpa-
TV onuujoM Neyersa. MoTpebHa cy farba NCTpaxmBarba Kako 6u
ce feduHncana nonynaumja 6onecH1Ka Koja 61 HajsuLLe Mana
KOPUCTY Off OBOT HauvHa fleyemsa.

KrmbyuHe peun: xeMovMyHOTepanuja; KOMOMHOBaHa Tepanuja;
ate30513ymab; kapumHom nnyha; TopakanHa xupypruja
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SUMMARY

Introduction Primary, “pure” squamous cell carcinoma (SCC) is an exceptionally rare pancreatic ma-
lignancy that has been described in sporadic case reports. The appearance of this rare entity created a
diagnostic dilemma for us, therefore, in this case report, we are focused on the radiological detection
and characterization, pathogenesis, and therapeutic options of pure pancreatic SCC.

Case outline In an 80-year-old female patient, a partially necrotic mass in the tail of the pancreas was
detected by computed tomography, which is the rarest localization of this tumor. On the performed
imaging, the tumor showed predominantly malignant features with a surprising definitive histopatho-
logical diagnosis in the direction of pure SCC. Distal pancreatectomy with splenectomy was performed
because of the infiltration of lienal vascular structures.

Conclusion Due to the very aggressive form of this tumor and poor prognosis, early detection, risk fac-
tors control, genetic burden, and optimization of surgical and therapeutic management can improve

the quality of life and prolong the overall survival period.
Keywords: squamous cell carcinoma; computed tomography; distal pancreatectomy

INTRODUCTION

Primary squamous cell carcinoma (SCC) of
the pancreas is a supremely rare entity and the
main reason for this is the lack of squamous
cells in the pancreas [1, 2]. Pathophysiology is
not entirely clear, but there is suspicion of in-
flammatory-based squamous metaplasia of the
ductal columnar cells [3]. There are not many
published articles describing the pure SCC of
the tail of the pancreas. Consequently, there is
no clinical management protocol for this type
of pancreatic carcinoma and the survival rate is
poor, because of its highly aggressive behavior
[2]. In 2020, Qin et al. [4] presented the results
of their population-based study that showed
for SCC a median overall survival of only three
months. Classic risk factors for ductal adeno-
carcinoma (ADC) like smoking and chronic
pancreatitis, do not show association with
SCC [5]. Adenosquamous carcinoma (ASC)
is another rare entity (with mixed elements of
ADC) and squamous carcinoma), but yet more
common than pure squamous carcinoma as in
our case. ASC is the main differential diagnosis
for SCC, but there is also metastatic SCC from
other sites in the body and pancreatoblastoma
(2, 6].

CASE REPORT

An 80-year-old woman was admitted to the
Clinic for Digestive Surgery of the University
Clinical Center of Serbia because of epigastric
pain and nausea that lasted for a year and a half.
Laboratory analyses showed elevated C-reactive
protein (11.9 mg/L), as well as elevated tumor
markers CA 19-9 (201 kU/L) and carcinoem-
bryonic antigen (CEA) (12.4 ug/L), but the
pancreatic amylase (39 U/L) and lipase (52
U/L) were in a normal range. A computed to-
mography (CT) was performed in our hospital
and revealed a necrotic lesion in the pancreatic
tail with postcontrast enhanced borders, with
a maximum diameter of 52 x 43 mm. The sur-
rounding adipose tissue was of higher density
primarily due to the infiltrative growth of the
tumor. The contact of the described tumor le-
sion with the stomach wall and the spleen cap-
sule was clearly visualized (Figures 1 and 2).
The splenic vein was thrombosed (Figure 1).
Considering the values of CA 19-9 and CEA,
the conclusion of the performed diagnosis was
a centrally necrotic lesion of the tail of the pan-
creas with predominantly malignant CT char-
acteristics. An esophagogastroduodenoscopy
was performed and even though the extramural
compression on the minor gastric curve was
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Figure 1. Axial contrast-enhanced computed tomography scan (125
mliodine contrast, T mm: slice thickness); the necrotic lesion with post-
contrast enhanced borders (arrow) which is in the contact with the
gastric body and spleen capsule; thrombosed splenic vein (arrowhead)

seen, the mucosa had a normal appearance, without clear
signs of infiltration. After preparation, the patient under-
went surgery, and distal pancreatectomy and splenectomy
were performed. The pathohistological finding was the
primary squamocellulare invasive carcinoma of the pan-
creatic tail with a histological aspect of “pure” squamous
differentiation of pancreatic carcinoma, showing frequent
foci of pseudoglandular arrangement of squamous cells
(Figure 3). The patient was discharged from the hospital
after 16 days with the decision to receive systemic chemo-
therapy (5-fluorouracil) in the regional oncological center.

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 and comparable ethical standards. Written consent
to publish all shown material was obtained from the patient.

DISCUSSION

Primary pure SCC of the pancreas is a very rare tumor with
an incidence from 0.5% to 2% of all exocrine pancreatic
neoplasms [1, 7]. In a survey conducted in Japan back in
1992, researchers investigated 1300 cases of pancreatic
cancer through autopsies. Among these cases, only 0.7%
were identified as SCC [8]. When comparing pancreatic
ADC to pancreatic SCC, the latter is linked with poorer
differentiation, displaying a more aggressive nature and
leading to worse overall outcomes [9]. Currently, there
are no studies available regarding the molecular profile of
pancreatic squamous carcinoma. Additionally, there are no
retrospective or prospective studies that have identified the
optimal therapy for these tumors. Unlike pancreatic ADC,
risk factors like smoking and chronic pancreatitis do not
seem to be associated with pancreatic SCC.

Due to its rarity, sporadic case reports of this exception-
ally unusual tumor have been published. The appearance
of this rare entity created a diagnostic dilemma for us and

‘ DOI: https://doi.org/10.2298/SARH231025042M

Figure 2. Coronal contrast-enhanced computed tomography scan
(125 ml iodine contrast, T mm slice thickness); the same necrotic le-
sion (arrow) which is in this image in contact with the spleen capsule
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Figure 3. Histological aspect of “pure” squamous differentiation of
pancreatic carcinoma, showing frequent foci of pseudoglandular ar-
rangement of squamous cells (inlet picture) suggesting precancerous
squamous metaplasia of pancreatic ducts

required a review of the available literature, therefore, in
this case report we are focused on the radiological detec-
tion and characterization, pathogenesis, and therapeutic
options of pure pancreatic SCC [10]. Exocrine pancreatic
lesions such as SCC and ADC arise from the ductal tissue.
A form of ASC has also been described. The origin of this
tumor is based on squamous metaplasia of ductules along
with other pathogenic factors that contribute to malig-
nant alteration [10, 11]. Some of the theories explaining
malignant differentiation to SCC mention the neo-trans-
formation of multipotent stem cells as well as aberrant or
ectopic squamous cells. Differentiation of ADC into SCC
is also possible, as well as a mixed tumor form [12]. There
is a frequent association of this malignancy with chronic
pancreatitis, which is considered a risk factor. There is
not much data on gene mutations associated with SCC,
but there are indications of a hereditary influence as well
as the detection of BRCA-2 mutation in a few published
cases [10].
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In their study, Ford et al. [5] showed that the major-
ity of patients are diagnosed with the condition in their
eighth decade of life, and they found no discernible differ-
ence in diagnosis based on gender. The leading symptoms
include anorexia, pain in the epigastrium and back, and
diabetes, depending on the localization in the pancreas,
icterus, gastric outlet obstruction, and rarely may occur
upper gastrointestinal bleeding [13, 14].

Radiological characterization is very challenging. CT
plays a very important role in the evaluation of patients
with pancreatic pathology. Likewise, in our case, the CT
examination showed a dominantly necrotic lesion with ex-
pansive and extra-pancreatic growth. The main differential
diagnosis is pancreatic ADC or ASC, in contrast to which
SCC shows more pronounced neovascularization, which
contributes to CT detection of intralesional postcontrast
viable zones [12]. In our case, the peripheral area of the
tumor was hyperdense with irregular borders along with a
higher density of perilesional fat tissue. The tumor involved
the tail of the pancreas, which is the rarest localization when
it comes to pure SCC. Vascular invasion is common, as
in our patient, where the tumor process infiltrated the
lienal vein, so together with the distal pancreatectomy, a
splenectomy was performed. The role of positron emis-
sion tomography/CT is in the evaluation of the secondary
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dissemination of the disease as well as in the detection of
the possible primary origin of SCC. Unfortunately, at the
time of the discovery of this disease, the tumor is often in
a locally advanced stage. CT and endoscopic ultrasound-
guided needle biopsy or laparoscopic biopsy are procedures
that are very important in obtaining an adequate sample of
the tumor tissue for further histological and immunohis-
tochemical processing [10]. Palliative chemotherapy and
radiotherapy are the only treatment options in unresectable
patients. Surgical resection is possible in less than one third
of the patients, and bearing in mind the greater aggressive-
ness of this type of tumor, the prognosis is worse [15]. As
Ntanasis-Stathopoulos et al. concluded, survival is signifi-
cantly longer in patients after surgical resection [13, 16].

Thanks to the progress in prevention in recent years,

early detection, and treatment of pancreatic cancer, an im-
provement in overall survival after resection is observed.
Although a very rare and aggressive form of malignant
pancreatic process, due to the improvement and optimiza-
tion of the surgical techniques and neoadjuvant chemo-
radiotherapy, as well as advances in imaging modalities, we
can hope for better results when it comes to the prognosis
of the disease [13].
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,UcTH” ckBamouenynapHu KapLuMHOM NPMMAPHO NAHKPEacHOr Nopekna

bojaHa Muwwkosuh', Munuua Mutposuh-JoBaHosuh??, Bopuc Taguh®#, QywaH LWanowckn??, Hhophe KHexesnh*

'YHUBep3uTeTCKN KNMHNUYKY LeHTap Cpbuje, LieHTap 3a paguonorujy, Onerbere ypreHTHe paguonoruje, beorpag, Cpbuja;
YHuBep3uTeTCKu KNUHUYKK LieHTap Cpbuje, LieHTap 3a pagronorujy, Onemberse paguonoruje Mpse xupypLuke KnuHuke, beorpag, Cpbuja;

*YHusepauTet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;

*YH1Bep3UTETCKM KNMHWYKKM LeHTap Cpbuje, Mpsa xupypluka KnuHuKa, Ofembetbe xenatobunujapHe xupypruje, beorpag, Cpbuja

CAXETAK

YBopg lNpumapHu, ,4ncTn” ckBamoLienynapHu KapLMHOM je 13-
Y3eTHO pefak MaAUrHUTET NaHKpeaca, Koju je onucaH y cnopa-
OVNYHMM NprKa3vmMa 6onecHuKa. MojaBa OBOT PeTKOr EHTUTETA
CTBOpPWNIA je ANjarHOCTUYKY AWSIeMY 3a Hac, Te CMO y OBOM MpWi-
Ka3y 6onecHmKa GoKycMpaHu Ha PaguoNoOLWKO OTKPUBakbE 1
KapakTepu3alujy, naToreHesy v Tepanujcke onuuje ,4nctor”
CKBaMoLienynapHoOr KapLMHOMa NaHKpeaca.

Mpuka3s 6onecHnka Kog 6onecHuue ctape 80 rogmHa Kom-
njytepr3oBaHOM TOMorpadujom je oTKprBeHa AeTIMMUYHO
HEKPOTMYHA Maca Yy peny NaHKpeaca, WTo je Hajpeha fokanu-
3auuja oBor Tymopa. Ha ypaheHom npernegy, TYMop je nokasao

DOI: https://doi.org/10.2298/SARH231025042M

NpeAoM1HaHTHO MaNUrHe KapakTeprcTUKe, ca n3HeHahyjyhom
AePUHUTVIBHOM XMCTOMATOJTOLKOM AMjarHO30M Yy NpasLy ,un-
cTor" ckBamoLenynapHor KapunHoma. YpaheHa je gucranHa
naHKpeaTeKTOMMja ca CNIeHeKTOMIMjoM, 360r MHGUATPaLmje
NIVjeHanHUX BaCKyNlapHUX CTPYKTYpa.

3akmbyyak C 0631pom Ha To Aa je 0Baj TYMOpP BeOMa arpecyiBaH
1 IMa N0l MPOrHO3Y, paHO OTKPYBatkbe, KOHTPona pakTopa
pu3KKa, reHeTckor onTepehera 1 onTrMM3aLuja XvpypLuKor
1 TepanujcKor fieyerba Mory nobosbLuaT KBaIMTET XKUBOTa U
NPOAYUTY YKyNaH Neprog NpexBibaBatba.

KmbyuHe peun: ckBamoLenynapHu KapLrHOM; KOMMjyTepr3o-
BaHa Tomorpaduja; AncTanHa naHKkpeaTekTomMmja
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Clinical and dermoscopic spectrum of
age-dependent spitzoid lesions — when to react?
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SUMMARY

Introduction Spitzoid lesions represent a spectrum of melanocytic lesions comprising benign Spitz
nevi, intermediate lesions known as atypical Spitz tumors, and Spitzoid melanoma. They tend to be more
common in children and young adults, but all age groups can be affected. Due to complexity of their
clinical, dermoscopic and histological differentiation, they are extremely difficult to manage, especially

in pediatric population.

Outlines of cases In this report, we present a series of six cases with spitzoid lesions in different age

groups with different outcomes.

Conclusion With the following case series, we report clinical and dermoscopic features of biologically
various spitzoid lesions, appearing in different age groups. We believe that this article will increase knowl-
edge of both physicians and dermatologists about when and how to react when dealing with a patient

with spitzoid lesion.

Keywords: spitzoid lesions; Spitz nevus; atypical spitz tumor; spitzoid melanoma; management

INTRODUCTION

Spitzoid lesions present a distinct group of mela-
nocytic lesions with overlapping clinical, dermo-
scopic and in some cases even histopathological
features. They are classified into benign Spitz
nevi (SN), intermediate lesions known as atypi-
cal Spitz tumors (AST), and spitzoid melanoma
(SM) [1]. While typical SN is a pink to reddish-
brown or purple-red papule, a highly pigmented
variant of SN also exists and is referred to as
Reed nevus (RN) [2]. Spitzoid lesions are ex-
tremely rare, as only 1-2% of all melanocytic
lesions in both children and adults are diagnosed
as SN, while AST and SM are even less common
than SN [3, 4]. Most lesions are up to 1 cm in
diameter, with a wide range of coloration from
pink to black [1, 5]. Although more frequently
found in childhood and young adulthood, they
occur in individuals of all ages. Currently, no
consensus guidelines exist for the management
of spitzoid lesions, and due to complexity of their
clinical, dermoscopic and histological differen-
tiation, they are extremely difficult to manage.

REPORT OF CASES
Case 1

A six-month-old female infant presented to our
dermatology department with a pigmented mac-
ule in the umbilical region which was discovered
by accident during examination. The lesion was
dark brown to black, flat, well demarcated, with
a diameter of 5-6 mm. Dermoscopy revealed

a melanocytic lesion with a starburst pattern
typical of a pigmented Spitz nevus (Figure 1).
Follow-up was suggested, every six months,
without excision. At the age of two years, the
lesion changed symmetrically maintaining the
previously noted starburst pattern (Figure 2).

Case 2

A 30-year-old woman presented to our der-
matology department with a pigmented lesion
on the interior surface of her right upper leg.
The patient reported the presence of the lesion
since early childhood, but noted that the lesion
started changing in color and diameter in the
previous several months. Dermoscopic findings
revealed an asymmetrical melanocytic lesion,
without a clear pattern of pigment distribu-
tion. In the center of the lesion milky gray, ho-
mogenous pigmentation with subtle pin-point
peppering, and remanences of streaks that re-
semble starburst pattern were found (Figure
3). Wide local surgical excision was suggested
and histopathological findings showed features
of an atypical spitz tumor, without necessary
criteria for the diagnosis of an SM.

Case 3

A 40-year-old woman presented to our derma-
tology department with a newly acquired pig-
mented papule on the lateral aspect of her right
knee. Dermoscopy showed a melanocytic lesion
with homogenic structureless dark pigmenta-
tion in the center, surrounded by asymmetri-
cal pseudo-pod-like structures resembling a
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Figure 2. Spitz nevus in the umbilical region of a two-year-old child

Figure 5. Spitzoid melanoma in a 47-year-old man
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starburst-pattern of a Reed nevus (Figure 4). Having
in mind the dermoscopic findings and the patient
age, wide local surgical excision was suggested.
Histopathology revealed atypical epithelioid mela-
nocytes confined to the epidermis and epidermal
adnexal structures. The diagnosis of SM in situ was
made.

Case4

A 47-year-old man presented to our dermatology
department with a newly appeared pigmented pap-
ule on his left elbow. Dermoscopy showed asymme-
try and radial streaming, pseudopods, and periph-
eral black dots and globules (Figure 5). Wide local
surgical excision was suggested. Histopathology
revealed a microinvasive, 0.2 mm-thick SM.

Case 5

A 3-year-old girl presented to our dermatology
department with a flesh-colored nodule on the
extensor surface of her left lower leg, which had
grown over the past six months, more intensively
over the past two months. Her mother stated she
had the lesion for a longer time, and that it was flat
and pigmented prior to the rapid growth phase.
Dermoscopy showed a melanocytic lesion, cen-
trally without pigment and with thin interlaced
blood vessels. Towards the periphery of the lesion
individual globules were present. In one most pe-
ripheral zone, the remains of a starburst or coffee
bean-like appearance that looked like remnants of a
spitzoid lesion (Figure 6). Wide local surgical exci-
sion was suggested and histopathology revealed a
2 mm-thick SM, Clark level 4.

Case 6

A 20-year-old man presented to our dermatology
department with a pigmented nodular lesion on the
extensor surface of his right lower leg. The patient
reported a known presence of the observed lesion
since his early childhood, also he noted that the le-
sion started changing in color, diameter and thick-
ness in the past several months Dermoscopy showed
remanences of a melanocytic lesion, with absence
of color uniformity and pattern symmetry, but also
presence of asymmetrically distributed brown dots,
pseudopods and central blue-white veil (Figure 7).
Wide local surgical excision was suggested and histo-
pathology revealed a 2.3 mm-thick SM, Clark level 4.

All procedures were performed in accordance
with the ethical standards of the institutional and
national research committee and with the 1964
Helsinki Declaration and its later amendments or
comparable ethical standards. Written consent to
publish all shown material was obtained from the
patients.
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Figure 7. Spitzoid melanoma in a 20-year-old man

DISCUSSION

Spitz nevi present benign spitzoid lesions and are on aver-
age less than 6 mm in diameter. They are typically described
as dome-shaped, but may as well be flat or polypoid. [3]. A
pink to red color is most commonly observed, but flesh-col-
ored and brown to black lesions have also been seen in SN,
the latter of which are also referred to as Reed nevi (2, 3].
Some authors consider RN a single nosological entity, but
whether SN and RN are distinct lesions, or unpigmented
and pigmented variant of the same spectrum is still con-
troversial, due to their both similarities and differences [2].

Atypical spitz tumors are currently defined as tumors of
uncertain malignant potential. Their diameter ranges 5-10
mm and they present as a plaque or a nodule in variety of
colors ranging from pink to black. The multicomponent
pattern is characterized by an uneven distribution of colors
and structures [3, 4, 5].

Spitzoid melanomas tend to be larger than AST, with
a mean diameter of 1.05 cm, more rarely a SM less than
6 mm can also occur [6]. Spitzoid melanomas are more
likely to be nodular, but may also be flat or slightly elevated
[3]. Majority of SM lesions have a multi-color pattern as
Carrera et al. [7] demonstrated a mean number of 2.7 col-
ors per SM lesion, while the spectrum ranges from red/
pink, grey to brown/black.

Dermoscopically, the majority of SN (53%) exhibit a
starburst pattern. However, a notable percentage of cases
also display globular, coffee-bean like appearance (22%)
and atypical pattern (25%) while in hypopigmented SN the

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):305-309

most characteristic feature is vascular pattern [2].
Atypical spitz tumors are more challenging to clas-
sify as their characteristics overlap with SN and SM
[1]. They are more likely to show a non-specific or
multicomponent pattern in comparison to SN, but
also exhibit a dotted vessel pattern and shiny white
lines as frequently as SM [7, 8]. Spitzoid melanomas
tend to exhibit more asymmetry and more colors,
pink Spitz-like pattern, milky red areas, shiny white
lines, red/pink and white coloration, and polymor-
phous vascular pattern [7].

Age is one of the main criteria to distinguish
Spitzoid lesions with indolent behavior from
AST with greater risk of malignancy and SM [9].
However, it should not be overly relied on, as al-
though melanomas are rare in pediatric population,
SM represent the most common type regarding
children, making it the most frequent malignant
skin tumor in children [10, 11]. As shown both
in the literature and in case of our patient No. 5,
nodular spitzoid lesions with multicomponent
dermoscopical pattern should always be excised,
regardless of age. On the other hand, evolution of
SN undergoes from rapid, often dramatic growth
phase and in these cases many physicians and even
dermatologists tend to raise a red flag, especially
when dealing with pediatric population and react
advising excision, though unnecessary. These le-
sions usually stabilize as shown in our case No. 1
and may gradually undergo an involution process [12].

Several studies involving both pediatric and adult pa-
tients reported a mean age that ranges from late teens to
early 30s, and Lott et al. [14] reported a mean age of 22
years at the time of diagnosis of SN [1, 11, 13]. Very few
studies reported an average age of AST diagnosis solely,
one of them was conducted by Moscarella et al. [8] and
they reported a mean age of 20.8 + 13.8 years in 55 pa-
tients with AST in a multicenter retrospective case—control
study. Our patient No. 2 also belongs to this age group, as
she was diagnosed at the age of 30 years. The average age
for SM diagnoses tends to be higher, with a mean age of
55 years (range 8-90 years) reported by Lott et al. [14] in
a 54-cases study. Our adult patients with SM were within
this age range as well.

A Study by Bartenstein et al. [6], which included only
pediatric patients, demonstrated a median age of 7.4 and
7.2 for SN and AST, respectively, the age group being from
three months to 19.7 years, which correlates with the age
of our patient No. 1. Carrera et al. [7] reported a mean age
of 12.5 years (range 2—-20) for SM based on a sample of 15
patients collected in a multicentric retrospective study, as
SM is relatively rare in the pediatric population. In the case
of our patient No. 5, although by age she was at the lower
end of this range, timely excision led to a better prognosis.

In a recent single center 10-year retrospective study
comprising 250 spitzoid lesions in pediatric population,
conducted by Herzum et al. [15], literature data was con-
firmed. The results showed that 82% of spitzoid lesions
in pediatric patients were benign, though a not negligible
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Figure 8. Proposed protocol for the management of spitzoid lesions

percentage of AST (17%) were retrieved, as well as 1% of
SM [15]. These findings highlight the need for extreme
caution when dealing with spitzoid lesions in childhood,
as demonstrated in the case of our patient No. 5.

To date, no specific guidelines or standardized criteria
exist for the management of spitzoid lesions, and due to
complexity of their clinical, dermoscopic and histologi-
cal differentiation, they are highly difficult to manage.
Numerous guidelines have been developed by several der-
matology societies, to help clinicians handle this problem
[9, 16, 17]. The majority suggested approach to minimize
unnecessary excisions, without raising the risk of overlook-
ing concerning lesions [13, 17]. Based on the suggested
algorithms, depending on the patients age, symmetrical
flat lesions can be monitored until stabilization, symmetri-
cal nodular lesions should be excised or scheduled for a
close follow-up, while asymmetric Spitzoid tumors should
always be excised [17].

Data from a newer study by Herzum et al. [15] also
suggest that pediatric patients older than 12 years with
clinically pigmented, flat, and lower-limb lesions had be-
nign lesions in 97%, 98%, and 89%, respectively, and the
simultaneous presence of all three criteria was always as-
sociated with benign histology (100%). This could thus
probably represent a criterion for conservative manage-
ment in pediatric patients older than 12 years [15].

Most recent studies also show that nodular spitzoid
lesions at any age with dermoscopical multicomponent
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pattern should raise intense suspicion being highly asso-
ciated with AST/SM and demand highest attentiveness
[7,15].

Newer studies also confirm that Spitzoid lesions in adult
patients should always be closely monitored or excised as
they tend to have a greater likelihood of malignancy [17].

After reviewing the most recent literature on this sub-
ject, as well as based on our own professional experience,
we strongly advise outmost caution when dealing with
a patient with spitzoid lesion, especially in those with
nodular lesions and older than 12 years; in that light we
developed our own protocol in managing spitzoid lesions
(Figure 8).

With the following case series, we report clinical, as well
as dermoscopic features of biologically various spitzoid
lesions, appearing in different age groups. We believe that
this case series may increase knowledge of physicians, pe-
diatricians, and dermatologists about when to react when
dealing with a patient with a Spitzoid lesion.
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KAMHWYKM 1 AepMOCKONCKM CNeKTap CNULOMAHKUX Ie3nja Y OAHOCY Ha y3pacT

nauyujeHTa — Kaga pearosatu?

MBa Mawwpesuh-Mygnpuh', Ceetnana Monaguh'?, JosaH Jlanowesuh'?
'YHUBep3nTeTCKN KNHUYKY LeHTap Cpbuje, KnuHuka 3a gepmatoBeHeponorujy, beorpag, Cpbuja;

*YHneep3uTet y beorpagy, MeguunHcku dakyntert, beorpag, Cpbuja

CAXETAK

YBop CnnuonaHe nesuje npeAcTassbajy CneKkTap MenaHOLUTHIX
ne3uja Koje obyxBaTajy 6eHUrHe cnuL HeByce, MHTepMeAnjapHe
ne3uje No3HaTe Kao aTuNMYHK CIUL, TYMOPW 1 CMIMLIOVAHN Me-
naHom. Mako yewhw kog peue 1y mnahoj nonynauuju, mory ce
jaBUTW y 61110 KOjoj y3pacHOoj rpynit. 360r COXKEHOCTH HIIXOBE
KNMHMYKe, BePMOCKOMNCKE 1 XMCTOMATOSOLLKE CIVKe, 13Y3eTHO
Cy TeLUKM 3a Nleyetbe, MOroToBo y nefmnjatpujckoj nonynauuju.
Mpukas 6onecHNKa Y oBoM npukasy npefcraBbaMo cepujy
Of WecT 6oNecHMKa ca CMLOVAHVM fe3vjama y pasnunymTiim
CTapOCHVM rpynama ¥ ca pasanyuTum UCXOAMMA.
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3aKsbyuak Y pafly npukasyjemo KIMHUYKE 11 BePMOCKOMCKe
KapaKTeprCTVKe GOMOLLKM Pa3nNUNTUX CNULIOUAHYIX Ne3uja,
Koje ce jaB/bajy y pasnMunTM CTapoCHMM rpynama. Bepyjemo
Aa he oBaj unaHak nosehatn 3Hatbe Kako fepmaTonora, Tako
1 BPYrux neKapa o TOMe Kafja 1 Kako pearoBaTu Kaja ce paau
0 NauujeHTy ca CNULOVAHOM J1€3UjOM Ha KOXW.

Kl'by‘ll'le peun: cnmyonaHe ne3|/|je; cnuy HEBYC; aTUNUYHX Cnny
TYMOP; CMLOUAHN MENAHOM; Nevere
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SUMMARY

Wilson's disease (WD) is an autosomal recessive inherited disorder of copper metabolism caused by
mutations in the ATP7B gene, which is located on chromosome 13q14.3. The global genetic prevalence
of WD at birth is approximately 13.9-15.4 per 100,000 population. Although WD is a rare condition as-
sociated with treatment efficacy, mortality rates in patients with WD (5-6.1%) are higher than healthy
controls. Prevalent features of WD include hepatic, neurologic, and psychiatric syndromes, even though
various signs and symptoms of the disease have been depicted to this point. If diagnosed and treated
at an early stage, WD patients would likely improve and be often largely asymptomatic for the rest of
their lives. Prompt diagnosis and lifelong treatment substantially affect outcome.

We aimed to summarize current knowledge about WD epidemiology, genetics, clinical manifestations,

diagnostic workup, and current WD management.

Keywords: Wilson's disease; copper; diagnostic algorithms; treatment

INTRODUCTION

Wilson’s disease (WD) is a rare, recessively in-
herited disorder of copper metabolism caused
by its pathological accumulation in liver and
extrahepatic organs [1]. Accordingly, prevalent
features of WD include hepatic, neurologic, and
psychiatric syndromes, even though various
signs and symptoms of the disease have been
depicted to this point. If diagnosed and treated
at an early stage, WD patients would likely im-
prove and be often largely asymptomatic for the
rest of their lives. Prompt diagnosis and lifelong
treatment substantially affect outcome.

We aimed to summarize current knowledge
about WD epidemiology, genetics, clinical
manifestations, diagnostic workup and current
WD management.

WILSON'S DISEASE GENETICS

Wilson’s disease is an autosomal recessive in-
herited disorder of copper metabolism caused
by mutations in the ATP7B gene, which is lo-
cated on chromosome 13q14.3. It encodes a
copper-transporting P-type ATPase. Mutations
in the ATP7B gene disrupt the synthesis and
function of the ATP7B protein, thereby pre-
cipitating an impairment in the hepatocel-
lular copper excretion pathway. Until now,
1275 mutations in the ATP7B gene have been
identified [2]. The missense mutation H1069Q
(substitution of histidine with glutamine on the
position 1069) in exon 14 is the most common

mutation responsible for WD worldwide.
About 50-80% of WD patients from Central,
Eastern, and Northern Europe carry at least one
allele with the H1069Q mutation, with its high-
est frequency in Poland and Eastern Germany.
The H1069Q is the most frequent mutation in
Serbian population, found in 38.4-48.9% of
analyzed alleles [3, 4].

The approach to identifying pathological
mutations in WD focuses on targeting re-
stricted exons known to contain the majority
of mutations in one population [2, 3]. This
strategy facilitates molecular genetic testing by
eliminating the requirement for a protracted
and expensive process.

EPIDEMIOLOGY

The global genetic prevalence of WD at birth is
approximately 13.9-15.4 per 100,000 popula-
tion [5]. Additionally, there is a difference in
prevalence of WD between epidemiological
(1.4 per 100,000) and genetic (13.9 per 100,000)
studies. Finally, this disparity may be evidence
of underdiagnosis of WD on a population level,
or of delayed diagnosis and consequent early
deaths [6]. Although WD is a rare condition
associated with treatment efficacy, mortality
rates in patients with WD (5-6.1%) are higher
than healthy controls. Late diagnosis and stop-
ping treatment might lead to a high mortality
rate [7].
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CLINICAL PRESENTATION

In addition to the hepatic and neurological manifestations,
whose significance is apostrophized through the name of
‘hepatolenticular degeneration, there is plenty of other
symptoms and signs that result from the copper accumu-
lation and cell damage in various tissues (Table 1). We will
discuss common symptoms of WD in more detail.

Table 1. Clinical manifestations of Wilson’s disease

Extrapyramidal manifestations (tremor,
parkinsonism, dystonia, chorea, myoclonus, tics)

Cerebellar manifestations

Neurological -

manifestations Dysarthria
Dysphagia
Other features (autonomic dysfunction, seizures,
headaches)

Personality changes

Anxiety
Psychiatric Depression
manifestations | Apathy

Psychotic spectrum
Mild cognitive impairment/Dementia
Chronic hepatic failure / cirrhosis

Acute hepatic failure (including fulminant
disease course)

Kayser—Fleischer ring

Hepatic
manifestations

Sunflower cataract

Ocular
manifestations

Other features

nyctalopia, exorpic strabismus, optic neuritis,
pallor of the papilla of the optic nerve, loss of
accommodation

Hematologic (hemolytic anemia,
thrombocytopenia)

Myocardial (cardiac hypertrophy, arrhythmias,
cardiomyopathy)

Renal (hematuria, proteinuria, nephrocalcinosis,
impairment of renal function)

Musculoskeletal (osteoporosis, osteomalacia,
osteoarthritis)

Dermatological (hyperpigmentation,
acanthocytosis nigricans, bluish discoloration of
nails)

Other systemic
manifestations

Neurological manifestations of Wilson’s disease

While all untreated patients will develop neurological
manifestations eventually, approximately 40-60% of pa-
tients present with neurological symptoms and signs at on-
set [8]. In patients with predominant neurological form of
WD, first symptoms usually occur at around 20 years old,
while patients have been described with first symptoms
as early as six years old. Lately, special attention is drawn
towards late-onset WD, suggesting that classic diagnostic
approach should be modified and include testing for WD
even for older individuals when high clinical suspicion is
present.

Hallmark clinical manifestations of WD stem from
basal ganglia involvement. Three major clinical syndromes
were identified in patients with neurological symptoms
at onset:
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a) akinetic-rigid syndrome resembling parkinsonism,

b) generalized dystonic syndrome,

c) “pseudosclerotic” syndrome with predominant cer-
ebellar manifestations.

Tremor is the most common neurological symptom af-
fecting 30-50% of WD patients [9]. While coarse proximal
tremor resembling wing-beating is typical for WD, these
patients can present with static, kinetic, and intentional
tremor. While arms are commonly affected, tremor can
affect other body parts as well, mainly head and tongue.
Besides tremor at rest, 40% of patients can present with
other typical parkinsonian features, including rigidity and
bradykinesia [10].

Dystonia (focal, segmental, multifocal, or generalized)
is a presenting symptom in up to 69% of patients with
neurological symptoms at onset [11]. MRI study showed
that putamen was affected in 80% of WD patients with
dystonia compared to only 24% in those without dystonia,
suggesting its pathophysiological role in dystonia devel-
opment [12]. Status dystonicus, life-threatening disorder
characterized by acute worsening of generalized dystonia,
can be induced in some WD patients either by introduc-
tion or withdrawal of specific drugs for WD [13, 14].

Cerebellar dysfunction is present in approximately 30%
of patients and manifests as cerebellar tremor, appendicu-
lar ataxia, and speech and gait disturbances.

Speech disturbances are a pronounced feature of WD
and in some case series, such as our own, the most com-
mon one, where 90% of patients had speech difficulties
prior to treatment initiation [15].

Psychiatric manifestations of Wilson’s disease

Most reports show that psychiatric symptoms occur as the
earliest manifestation in about 30-40% of patients with WD
[16]. The spectrum of these symptoms varies from subtle
personality changes to frank psychosis. In our study of al-
ready established and treated WD, 72% of them had at least
one psychiatric symptom on the neuropsychiatric inventory,
while 44% had clinically significant symptoms [17]. Anxiety
was the most common and the most severe symptom, fol-
lowed by depression, apathy, and irritability [17].

Hepatic manifestations of Wilson’s disease

Hepatic manifestation varies from subtle structural liver
changes, which may be asymptomatic, to more severe
presentations such as acute hepatitis, acute liver failure,
recurrent jaundice and hemolysis, or cirrhosis [7]. Liver
disease is a presenting symptom in about half (40-60%)
of WD patients [7]. Usually in children and young adults
there is mild to moderate liver disease with mildly ele-
vated liver enzymes, witch if left untreated may progress
to chronic liver disease with consequent cirrhosis, portal
hypertension, hepatosplenomegaly, coagulopathy, and
hypoalbuminemia. Hepatic decompensation may lead to
ascites, jaundice, gastrointestinal bleeding due to coagu-
lopathy and esophageal varices and hepatic encephalopa-
thy with hyperammonemia [7]. The most severe form of
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hepatic involvement in WD patients is acute liver failure
often associated with hemolytic anemia, coagulopathy,
encephalopathy, and rapid renal failure. Acute or rapid
liver deterioration may occur in those WD patients who
stopped treatment [7]. Most severe forms of liver disease
may require liver transplantation [7].

Ocular manifestations of Wilson’s disease

The most common ophthalmological manifestations of
WD are Kayser-Fleischer’s (KF) ring and sunflower cata-
ract, but in this disease pathological changes can also be
present in the retina, visual pathways, and in the ocular
motility [18].

The KF ring is considered a pathognomonic sign
of WD, consisting of concentric deposits of copper in
Descemet’s membrane at the very periphery of both cor-
neas. It occurs in as many as 90.4-100% of people with a
neurological form of WD, and somewhat less often (in
50-60% of cases) in those without neurological signs of
this disease. This sign is considered not only essential for
the diagnosis of WD, but also important for treatment and
as a prognostic factor of the disease [7].

Sunflower cataract is a somewhat rarer manifestation of
WD, as it occurs in about 2-20% of WD patients [7]. This
lens opacification is yellowish in color, located under the
lens capsule, with a central disc and radiating leaves that
resemble a sunflower flower. It generally does not cause a
significant decrease in visual acuity.

Other ophthalmological problems have been described
in WD, but mostly sporadically — nyctalopia, exorpic stra-
bismus, optic neuritis, pallor of the papilla of the optic
nerve, loss of accommodation [7]. We found that WD pa-
tients may have lower intraocular pressure compared to
the healthy population [19].

DIAGNOSIS OF WILSON'’S DISEASE

Wilson’s disease diagnosis is based on a combination of
clinical features and laboratory parameters (Table 2) [7].
Multiple clinical, radiographic, and laboratory biomarkers
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of the WD when combined may facilitate the diagnosis, but
the diagnosing process may be challenging because none of
these biomarkers is specific to WD [1]. The first two steps
should be liver disease laboratory assessment and oph-
thalmological examination for KF ring, followed by cop-
per metabolism tests. If necessary, liver biopsy should be
considered in selected cases. Genetic analysis is necessary
for definite WD diagnosis, but still not widely accessible.

1. Laboratory testing should begin with clinical bio-
chemical liver tests, blood counts, and coagulation param-
eters to assess for liver disease.

2. The KF ring is visible on slit lamp examination or
anterior segment optical coherence tomography, rarely
by naked eye. Absence of KF ring does not exclude WD
diagnosis: it can be found in most cases with neurological
form and in approximately half of cases with hepatic form
of WD. Similar rings can be found in other chronic hepatic
disorders, long lasting cholestasis, and cirrhosis [20, 21].

3. Copper metabolism

a. Serum ceruloplasmin

The normal concentration of ceruloplasmin measured
by the enzymatic assay varies among laboratories (with a
lower limit 0.15-0.2 g/L) [1]. In WD, ceruloplasmin is usu-
ally lower than 0.1 g/L [1]. However, this is typical value for
neurologic WD, but it can be normal in about half patients
with active liver disease [7, 22]. Modestly subnormal levels
of ceruloplasmin (0.14-0.2 g/L) may be detected in hetero-
zygotes [22]. Ceruloplasmin levels are increased in acute
inflammation, estrogen supplementation and pregnancy;,
and decreased in malabsorption syndromes, renal or en-
teric protein loss, severe liver disease of any etiology and
in a distinct genetic disorder - aceruloplasminemia [1].

b. Serum copper

Total serum copper consists of copper incorporated in
ceruloplasmin and “free” serum copper which is not incor-
porated in ceruloplasmin. Total serum copper is usually
decreased in proportion to reduced ceruloplasmin levels.
Therefore, normal or increased total serum copper in indi-
viduals with decreased ceruloplasmin indicate an increase in
the concentration of “free” serum copper. In most untreated

Table 2. Routine tests for diagnosis of Wilson’s disease (adopted from references [1, 21])

Test Typical finding

False-negative

False-positive

Decreased by 50% of lower

Serum ceruloplasmin -
normal limit

+ Normal levels in patients with marked
hepatic inflammation

- Overestimation by immunologic assay

- Pregnancy, estrogen therapy

Low levels in patients with
malabsorption, malnutrition,
aceruloplasminemia and in
heterozygotes

> 100 ug (1.6 pmol) / 24 hours | Normal
(> 40 pg (0.64 pmol) / 24 hours

in children)

24-hour urinary

copper .
PP disease

Incorrect collection, children without liver

Increased: hepatocellular necrosis,
cholestasis, contamination

Serum free copper >100 pg/L (1.6 umol/L)

Normal if ceruloplasmin overestimated by
immunologic assay

Hepatic copper >250 ug (4 pmol)/g dry weight

Due to regional variation
- In patients with active liver disease
- In patients with regenerative nodules

Cholestatic syndromes

Kayser—Fleischer Absent

rings by slit-lamp
examination

Present

- In up to 50% of patients with hepatic
Wilson's disease
« In most asymptomatic siblings

Other chronic hepatic disorders with
long lasting cholestasis and cirrhosis
(i.e. primary biliary cirrhosis)

DOI: https://doi.org/10.2298/SARH240511046S
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Figure 1. Symmetrical T2W hyperintense lesions of the lateral putamen; heterogeneous
lesions of both thalami, hyperintense at the periphery and hypointense centrally; (A) “face
of the giant panda sign” of mesencephalon when the substantia nigra and red nucleus are
surrounded by a high T2W signal in the tegmentum (B); courtesy of Robert Semnic, MD

patients, “free” serum copper is elevated above 200 pg/L.
Measuring serum copper is more important to monitor
pharmacotherapy than in the diagnosis of WD [1, 7].

c. Urinary copper

In untreated symptomatic patients urinary copper levels
> 100 ug /24 h (> 1.6 umol / 24 h) are considered diagnos-
tic for WD. However, up to 23% of patients (mostly chil-
dren and asymptomatic siblings) may have copper levels
less than 100 pg / 24 h at the presentation. Keep in mind
that urine copper may be elevated in other hepatic dis-
eases and somewhat elevated in heterozygotes. Incomplete
urine collection, copper contamination and renal failure
may also affect measuring copper values. The radioactive
copper test is available in highly specialized centers and
is used if other cooper test or genetic findings are incon-
clusive (1, 7, 22].

1. Liver biopsy

A liver biopsy is sometimes needed for the differential di-
agnosis of liver pathology. In terms of the WD diagnosis,
liver biopsy is used to measure hepatic parenchymal cop-
per concentration. Hepatic copper > 250 pg (4 pmol)/g dry
weight is considered diagnostic for WD [7].

2. Neuroimaging

Brain MRI is very important for WD diagnosis and may
be helpful for treatment monitoring [7]. Typical finding
is symmetric T2-weighted hyperintense changes in basal
ganglia (mainly putamen and caudate nuclei), thalami,
midbrain, and pons. In more advanced cases, these abnor-
malities can be seen in T1-weighted images as hypointense
changes [7]. The ‘face of the giant panda’ in the midbrain
is a characteristic sign, but present in up to 20% of cases
of neurological WD (Figure 1) [1, 7]. Characteristic brain
MRI changes occur in almost all drug-naive neurologi-
cal WD patients, in 40-75% of hepatic and in 20-30% of
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presymptomatic WD patients [7], and are
always symmetrical [23]. We studied 16
neurologically asymptomatic patients with
hepatic form of WD and found that MRI
showed brain parenchyma lesions in all un-
treated, and in 44% of treated patients [24].
In our study, prominent midbrain atrophy
was present in patients with WD, with some
measures changed regardless of the form of
the disease (neurologic vs. hepatic). Some
of the brain morphometric measures (in-
terpeduncular angle, transverse diameter of
the midbrain peduncle, and interpeduncu-
lar distance) were useful in differentiating
patients from healthy subjects (probability
reaching 93%) [25].

Transcranial sonography is a reliable and
sensitive tool in detecting basal ganglia ab-
normalities, including accumulation of cop-
per and other trace metals in WD [26]. We
found significantly higher prevalence of hyperechogenicity
in lenticular nucleus and substantia nigra in comparison
with healthy controls [26].

3. Genetic analysis

The entire ATP7B gene sequencing should be performed
if the diagnosis is difficult to establish by clinical and bio-
chemical testing. Specific analysis for known mutations is
recommended for WD screening in the first-degree rela-
tives of WD proband [22].

WILSON'’S DISEASE TREATMENT

The aim of WD treatment is to remove the accumulated
copper from tissues and to prevent further copper gain
by its increased elimination and/or reduced resorption of
dietary copper (Table 3).

1. Dietary copper restriction

Copper is ubiquitous in food and water supplies and a
low-copper diet has long been considered important in
WD management. However, according to the current rec-
ommendations, a low-copper diet is unnecessary although
some clinicians suggest avoidance of copper-rich foods
such as shellfish, liver, cocoa, nuts, chocolate, mushroom,
and dried fruits in first few months of treatment [27].

2. Chelation therapy
Chelating agents mobilize intracellular copper into the
circulation and enhance its urinary excretion [28]. The
most used chelating agents are penicillamine and trientine.
« Penicillamine
Penicillamine is a thiol with a sulfhydryl group that

binds copper and facilities its excretion into urine. In

www.srpskiarhiv.rs ‘

313



314

Table 3. Dosing, adverse effects and treatment monitoring for current Wilson’s disease treatment (adapted according to references [27, 29])
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Maintenance dose (typically after

2 years)
750 mg-1000 mg/day

800-1600 mg/day for trientine

dihydrochloride (Cufence) or

450-975 mg/day for trientine

tetrahydrochloride (Cuprior) in two

doses

150 mg/day in 2-3 divided doses

Adults with severe neurological
start with 125 mg/day, slowly

start with 150-200 mg/day, slowly

titration by 150-200 mg per 1-2

trientine dihydrochloride (Cufence)
or 450-975 mg per day for trientine
tetrahydrochloride (Cuprior) in two

150 mg/day in 2-3 divided doses
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*Generalized dystonia, oromandibular dystonia with dysphagia;

**Doses are for elemental zinc; therefore, true dose of zinc salt may differ and should be calculated
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recommended doses of 1-2 g per day it
initially leads to up to 9 mg of cupriure-
sis per day. Typically, by the end of 12—
18 months after treatment introduction,
penicillamine-induced copper excretion
decreases following decrement of tissue
accumulated copper [27]. According to
the recommendations of recent thera-
peutic guidelines and our own experi-
ence, penicillamine is recommended for
use in symptomatic patients during the
initial intensive phase of treatment and
later as maintenance therapy [15, 27, 29,
30]. It could also be recommended in
presymptomatic patients. Women with
WD should be made aware of the im-
portance of continuing therapy during
pregnancy, as stopping treatment may
be associated with clinical deterioration
[27]. However, breastfeeding should be
avoided because penicillamine is excret-
ed in breast milk and may interfere with
the infant’s copper metabolism [27]. In
symptomatic adults, recommended pen-
icillamine dose is 1-1.5 g per day (the
dose in children is 20 mg/kg/day) [27,
29]. Given that most adverse effects are
dose-dependent, the general rule is to
start low and go slow, aiming to reach
the initial target dose in 6-8 weeks. We
usually start with 125-250 mg per day
with dose increments of 125 mg per
week in adults presenting with neuro-
logical symptoms.

Although it is not necessary, we usu-
ally admit patient to the hospital to ini-
tiate treatment because careful moni-
toring for adverse effects is essential,
including neurological follow-up, full
blood count, liver function tests and
renal profile every week during the first
month of treatment initiation. Then, in
outpatient settings, we advise monitor-
ing the mentioned parameters once a
month during the first six months of
therapy. After establishing sustainable
clinical improvement, which is estimat-
ed to require about two years of continu-
ous use of chelators, the dose may be re-
duced to 500-750 mg per day to prevent
disease progression. According to The
Wilson’s Disease Support Group UK,
24-hour urinary copper output while
continuing medications (on treatment)
should be 3-8 umol / 24 h (200-500 pg
/ 24 h) with chelating agents [27].

On the basis that high doses of peni-
cillamine may disrupt pyridoxine me-
tabolism, prophylactic supplementation
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with 50 mg once a day is usually advised [2, 7, 30].
D-penicillamine should be taken twice a day on an empty
stomach, preferably fasting 3-4 hours before and 2-4 hours
after the dose.

Up to 30% of WD patients with neurological symp-
toms at presentation may develop paradoxical neurologi-
cal worsening after penicillamine treatment introduction.
It may occur within the first six months after treatment
initiation [31]. Sometimes deterioration is irreversible or
even fatal [14].

« Trientine

The four amino groups of trientine form a stable ring
complex with copper and facilitate cupriuresis. The ef-
ficacy of trientine and penicillamine regarding urinary
copper excretion is similar. Trientine is a life-saving treat-
ment option in patients in whom penicillamine had to be
discontinued due to adverse events or in patients who have
increased risk of adverse effects (i.e. history of autoim-
mune diseases, severe thrombocytopenia, or renal disease
and allergy to penicillin) [1, 27]. Trientine could be used
as a first-line therapy in the initial intensive and the later
maintenance phase of treatment in both symptomatic and
asymptomatic WD patients; it is safe to use during preg-
nancy but should be avoided during breastfeeding [27].

+ Zinc salts

Zinc salts reduce intestinal absorption of copper. Zinc
salts given orally are absorbed by the intestinal cells, in
which they increase production of metallothionein, cys-
teine-rich protein that can bind various metal ions [29].
Subsequently, metallothionein-bound copper is eliminated
by feces when the enterocytes are shed in the intestinal lu-
men during physiological intestinal cell turnover [27, 29].
According to a recent guidance, zinc is recommended as
maintenance therapy in symptomatic patients once symp-
toms have regressed following treatment with oral copper
chelators and as the first-line therapy in asymptomatic
patients [27]. Zinc is administered as sulfate, acetate, or
gluconate salts. The recommended dose is 150 mg of el-
emental zinc in adults, or 75 mg in children, in two or three
divided doses per day. Food interferes with zinc absorption
- therefore, it should not be given at mealtimes. Zinc can
be safely used during pregnancy [27, 29].

LONG TERM OUTCOME

Patients with WD who are timely diagnosed and compliant
to de-coppering treatment have favorable disease outcome.
The treatment adherence is a single most important de-
terminant of a good long-term disease prognosis [7, 15].
However, despite overall good response to de-coppering
treatment, a significant proportion of patients feature re-
sidual neurological symptoms [32, 33]. In our patients
with neurological form of WD who had good therapy
adherence, presence of dystonia at the disease onset was
a predictor of residual disability, in line with other studies
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suggesting that dystonia is a poor indicator of both short-
and long-term outcome [15, 33]. The extent to which the
diagnostic and treatment delay negatively affects progno-
sis varies among studies [15, 34]. A four-fold increased
mortality rate compared to the general population was
reported with cumulative mortality over 10 years of 9.3%
in WD compared to the mortality rate of 2.4% in refer-
ence healthy individuals [35]. Principal causes of death in
WD include long diagnostic delay, non-compliance to the
therapy, and the development of malignancies [36]. In our
cohort of 142 patients, the most frequent causes of death
were liver failure due to cirrhosis in 16.6% and hemor-
rhage due to esophageal varices in 13.3% of patients, while
a surprisingly high rate of suicide (13.3%) was observed,
with mortality rate due to suicide being 1.7 times higher
compared to the age-matched Serbian population [37].

Both mental and general health were among the Quality
of Life (QoL) dimensions mostly affected in WD [38]. QoL
is poor in patients who experienced a long delay in treat-
ment and generally worse in patients with neurological
form of the disease than in patients with hepatic form [39].
Psychiatric symptoms (in particular depression) were iden-
tified as a significant determinant of poor QoL in WD [39,
40]. A lack of standardized QoL assessment scale and more
studies with larger sample sizes represent an unmet need
in addressing QoL in WD [37, 38].

CONCLUSION

WD is a treatable neurovisceral disorder not to be missed.
There are numerous clinical, biochemical, and imaging
biomarkers which, combined, facilitate a timely diagnosis
of WD. Prompt therapy aimed to reduce copper overload
should be immediate, if possible, even in asymptomatic
individuals. Early treatment is connected to favorable out-
come, it could prevent further progression of symptoms,
may reduce present symptoms and significantly influence
patients’ quality of life.

Ethics: The authors declare that the article was written
according to ethical standards of the Serbian Archives of
Medicine as well as ethical standards of institutions for
each author involved.

Conflict of interest: Marina Svetel has received speak-
ing honoraria from Makpharm, Salveo, Unihem and
Pharmaswiss. Nikola Kresojevi¢ received speaking hon-
oraria from Makpharm, Salveo, Remedica, and travel
grants from Vemax Pharma, Salveo, Goodwill Pharma.
Aleksandra Tomi¢ has received speaking honoraria from
Makpharm, Unihem, and travel grant from Medtronic.
Milica Je¢menica Luki¢ and Vladana Markovi¢ received
speaking honoraria from Makpharm. Natasa Dragasevi¢
and Igor Petrovi¢ received speaking honoraria from
Makpharm and Salveo. Iva Stankovi¢, Tatjana Pekmezovi¢,
Ivana Novakovi¢, Marija Bozi¢, Marko Svetel, and Jelena
Vitkovi¢ have nothing to report.

www.srpskiarhiv.rs

315



316

REFERENCES

1.

European Association for Study of Liver. EASL Clinical Practice
Guidelines: Wilson's disease. J Hepatol. 2012;56(3):671-85.
[DOI: 10.1016/j.jhep.2011.11.007] [PMID: 22340672]

Beyzaei Z, Mehrzadeh A, Hashemi N, Geramizadeh B. The
mutation spectrum and ethnic distribution of Wilson disease, a
review. Mol Genet Metab Rep. 2023;38:101034.

[DOI: 10.1016/j.ymgmr.2023.101034] [PMID: 38149214]
Tomi¢ A, Dobrici¢ V, Novakovi¢ |, Svetel M, Pekmezovi¢ T,
Kresojevi¢ N, et al. Mutational analysis of ATP7B gene and the
genotype-phenotype correlation in patients with Wilson’s disease
in Serbia. Vojnosanit Pregl. 2013;70(5):457-62.

[DOI: 10.2298/vsp1305457t] [PMID: 23789284]

Loudianos G, Kostic V, Solinas P, Lovicu M, Dessi V, Svetel M,
et al. Characterization of the molecular defect in the ATP7B
gene in Wilson disease patients from Yugoslavia. Genet Test.
2003;7(2):107-12. [DOI: 10.1089/109065703322146786]
[PMID: 12885331]

Gao J, Brackley S, Mann JP. The global prevalence of Wilson
disease from next-generation sequencing data. Genet Med.
2019;21(5):1155-63. [DOI: 10.1038/541436-018-0309-9]
[PMID: 30254379]

Jang JH, Lee T, Bang S, Kim YE, Cho EH. Carrier frequency of

Wilson'’s disease in the Korean population: a DNA-based approach.

J Hum Genet. 2017;62(9):815-8. [DOI: 10.1038/jhg.2017.49]
[PMID: 28515472]

Czlonkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V,
et al. Wilson disease. Nat Rev Dis Primers. 2018;4(1):21.

[DOI: 10.1038/s41572-018-0018-3] [PMID: 30190489]

Merle U, Schaefer M, Ferenci P, Stremmel W. Clinical presentation,
diagnosis and long-term outcome of Wilson'’s disease: a cohort
study. Gut. 2007;56(1):115-20. [DOI: 10.1136/gut.2005.087262]
[PMID: 16709660]

Pfeiffer RF. Wilson Disease. Continuum (Minneap Minn). 2016;22(4
Movement Disorders):1246-61.

[DOI: 10.1212/CON.0000000000000350] [PMID: 27495207]
Dusek P, Litwin T, Czlonkowska A. Wilson disease and other
neurodegenerations with metal accumulations. Neurol Clin.
2015;33(1):175-204. [DOI: 10.1016/j.ncl.2014.09.006]

[PMID: 25432729]

Machado A, Chien HF, Deguti MM, Cancado E, Azevedo RS, Scaff
M, et al. Neurological manifestations in Wilson’s disease: Report of
119 cases. Mov Disord. 2006;21(12):2192-6.

[DOI: 10.1002/mds.21170] [PMID: 17078070]

Svetel M, Kozi¢ D, Stefanova E, Semnic R, Dragasevic N, Kostic VS.
Dystonia in Wilson'’s disease. Mov Disord. 2001;16(4):719-23.
[DOI: 10.1002/mds.1118] [PMID: 11481698]

Fasano A, Ricciardi L, Bentivoglio AR, Canavese C, Zorzi G, Petrovic
|, et al. Status dystonicus: predictors of outcome and progression
patterns of underlying disease. Mov Disord. 2012;27(6):783-8.
[DOI: 10.1002/mds.24981] [PMID: 22488948]

Svetel M, Sterni¢ N, Pejovi¢ S, Kosti¢ VS. Penicillamine-induced
lethal status dystonicus in a patient with Wilson’s disease. Mov
Disord. 2001;16(3):568-9. [DOI: 10.1002/mds.1111]

[PMID: 11391761]

Stankovi¢ I, Jovanovi¢ C, Vitkovi¢ J, Svetel M, Pekmezovi¢ T, Tomi¢
A, et al. Long-term outcome of patients with neurological form
of Wilson'’s disease compliant to the de-coppering treatment. J
Neurol. 2023;270(7):3492-8. [DOI: 10.1007/500415-023-11681-7]
[PMID: 37016067]

Zimbrean PC, Schilsky ML. Psychiatric aspects of Wilson disease: a
review. Gen Hosp Psychiatry. 2014;36(1):53-62.

[DOI: 10.1016/j.genhosppsych.2013.08.007] [PMID: 24120023]
Svetel M, Potrebic A, Pekmezovic¢ T, Tomic¢ A, Kresojevi¢ N, Jesic¢

R, et al. Neuropsychiatric aspects of treated Wilson's disease.
Parkinsonism Relat Disord. 2009;15(10):772-5.

[DOI: 10.1016/j.parkreldis.2009.01.010] [PMID: 19559640]
Chevalier K, Mauget-Faysse M, Vasseur V, Azar G, Obadia MA,
Poujois A. Eye Involvement in Wilson’s Disease: A Review of the
Literature. J Clin Med. 2022;11(9):2528.

[DOI: 10.3390/jcm11092528] [PMID: 35566651]

Bozic M, Svetel M, Svetel M. Intraocular pressure in

patients suffering from Wilson'’s disease. Eur J Ophthalmol.
2024:11206721241229771.

[DOI: 10.1177/11206721241229771] [PMID: 38304981]

DOI: https://doi.org/10.2298/SARH240511046S

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

Svetel M. et al.

Ala A, Walker AP, Ashkan K, Dooley JS, Schilsky ML. Wilson'’s
disease. Lancet. 2007;369(9559):397-408.

[DOI: 10.1016/50140-6736(07)60196-2] [PMID: 17276780]

Ferenci P. Diagnosis of Wilson disease. Handb Clin Neurol.
2017;142:171-80.[DOI: 10.1016/B978-0-444-63625-6.00014-8]
[PMID: 28433100]

Schilsky ML, Roberts EA, Bronstein JM, Dhawan A, Hamilton JP,
Rivard AM, et al. A multidisciplinary approach to the diagnosis
and management of Wilson disease: Executive summary of the
2022 Practice Guidance on Wilson disease from the American
Association for the Study of Liver Diseases. Hepatology.
2023;77(4):1428-55. [DOI: 10.1002/hep.32805] [PMID: 36152019]
Kozi¢ DB, Petrovi¢ |, Svetel M, Pekmezovic¢ T, Ragaji A, Kosti¢ VS.
Reversible lesions in the brain parenchyma in Wilson’s disease
confirmed by magnetic resonance imaging: earlier administration
of chelating therapy can reduce the damage to the brain. Neural
Regen Res. 2014;9(21):1912-6.

[DOI: 10.4103/1673-5374.145360] [PMID: 25558242]

Kozi¢ D, Svetel M, Petrovic B, Dragasevi¢ N, Semnic R, Kosti¢ VS.
MR imaging of the brain in patients with hepatic form of Wilson's
disease. Eur J Neurol. 2003;10(5):587-92.

[DOI: 10.1046/j.1468-1331.2003.00661.x] [PMID: 12940844]
Semnic R, Svetel M, Dragasevic N, Petrovic |, Kozic D, Marinkovic
J, et al. Magnetic resonance imaging morphometry of the
midbrain in patients with Wilson disease. J Comput Assist Tomogr.
2005;29(6):880-3. [DOI: 10.1097/01.rct.0000181723.61974.51]
[PMID: 16272867]

Svetel M, Mijajlovi¢ M, Tomic A, Kresojevic¢ N, Pekmezovic T, Kosti¢
VS. Transcranial sonography in Wilson's disease. Parkinsonism
Relat Disord. 2012;18(3):234-8.

[DOI: 10.1016/j.parkreldis.2011.10.007] [PMID: 22024248]
Shribman S, Marjot T, Sharif A, Vimalesvaran S, Ala A, Alexander G,
et al; British Association for the Study of the Liver Rare Diseases
Special Interest Group. Investigation and management of Wilson's
disease: a practical guide from the British Association for the
Study of the Liver. Lancet Gastroenterol Hepatol. 2022;7(6):560-
75.[DOI: 10.1016/52468-1253(22)00004-8] [PMID: 35429442]
Walshe JM. Copper: one man'’s meat is another man’s poison. Proc
Nutr Soc. 1968;27(1):107-12. [DOI: 10.1079/pns19680022]

[PMID: 5697538]

Roberts EA, Schilsky ML. Current and Emerging Issues in Wilson’s
Disease. N Engl J Med. 2023;389(10):922-38.

[DOI: 10.1056/NEJMra1903585] [PMID: 37672695]

Aggarwal A, Bhatt M. Advances in Treatment of Wilson Disease.
Tremor Other Hyperkinet Mov (N'Y). 2018;8:525.

[DOI: 10.7916/D841881D] [PMID: 29520330]

Antos A, Cztonkowska A, Smolinski L, Bembenek J, Przybytkowski
A, Skowroniska M, et al. Early neurological deterioration in Wilson's
disease: a systematic literature review and meta-analysis. Neurol
Sci. 2023;44(10):3443-55. [DOI: 10.1007/510072-023-06895-6]
[PMID: 37311952]

Weiss KH, Thurik F, Gotthardt DN, Schafer M, Teufel U, Wiegand

F, et al; EUROWILSON Consortium. Efficacy and safety of oral
chelators in treatment of patients with Wilson disease. Clin
Gastroenterol Hepatol. 2013;11(8):1028-35.e1-2.

[DOI: 10.1016/j.cgh.2013.03.012] [PMID: 23542331]

Burke JF, Dayalu P, Nan B, Askari F, Brewer GJ, Lorincz MT.
Prognostic significance of neurologic examination findings in
Wilson disease. Parkinsonism Relat Disord. 2011;17(7):551-6.
[DOI: 10.1016/j.parkreldis.2011.05.002] [PMID: 21641265]
Prashanth LK, Taly AB, Sinha S, Arunodaya GR, Swamy HS. Wilson’s
disease: diagnostic errors and clinical implications. J Neurol
Neurosurg Psychiatry. 2004;75(6):907-9.

[DOI: 10.1136/jnnp.2003.026310] [PMID: 15146013]

Aberg F, Shang Y, Strandberg R, Wester A, Widman L, Hagstrém

H. Four-fold increased mortality rate in patients with Wilson’s
disease: A population-based cohort study of 151 patients. United
European Gastroenterol J. 2023;11(9):852-60.

[DOI: 10.1002/ueg2.12452] [PMID: 37632157]

Walshe JM. Cause of death in Wilson disease. Mov Disord.
2007;22(15):2216-20. [DOI: 10.1002/mds.21693] [PMID: 17712859]
Svetel M, Pekmezovic¢ T, Petrovi¢ |, Tomic¢ A, Kresojevic N, Jesi¢ R,
et al. Long-term outcome in Serbian patients with Wilson disease.
Eur J Neurol. 2009;16(7):852-7.

[DOI: 10.1111/j.1468-1331.2009.02607.X] [PMID: 19473354]

Srp Arh Celok Lek. 2024 May-Jun;152(5-6):310-317



Wi

38.

39.

Ison’s disease

Balijepalli C, Yan K, Gullapalli L, Barakat S, Chevrou-Severac H,
Druyts E. Quality of Life in Wilson’s Disease: A Systematic Literature
Review. J Health Econ Outcomes Res. 2021;8(2):105-13.

[DOI: 10.36469/jheor.2021.29987] [PMID: 34963883]

Svetel M, Pekmezovic T, Tomic A, Kresojevi¢ N, Potrebic A, JeSi¢ R,
et al. Quality of life in patients with treated and clinically stable

BuncoHoBa 6onect

Wilson’s disease. Mov Disord. 2011;26(8):1503-8.

[DOI: 10.1002/mds.23608] [PMID: 21594897]

Chevalier K, Rahli D, de Veyrac L, Guillaume J, Obadia MA,
Poujois A. Quality of life and depression in Wilson'’s disease: a
large prospective cross-sectional study. Orphanet J Rare Dis.
2023;18(1):168.[DOI: 10.1186/513023-023-02777-4]

[PMID: 37386576]

40.

MapwuHa Ceten'? Hukona Kpecojesuh'?, Anekcanapa Tomuh'2, Munuua Jeumenuua-Jlykuh'2, BnagaHa Mapkosuh'?,
MBa Crankosuh'? Urop Metposuh'? TatjaHa Mekme3osuh?, eaHa HoBakosuh?, Mapuja boxwuh?3, Mapko Ceeter?,

JeneHa Butkosuh', Hatawa [lparawesuh'?

'YHuBep3unTeTCKN KNHMYKK LeHTap Cpbuje, KnuHuka 3a Heyponorujy, beorpag, Cpbuja;

2YHneep3uTeT y beorpaay, MeanunHcku gakyntet, beorpag, Cpbuja;

3YHnBep3uUTeTCKM KNUHUYKM LieHTap Cpbuje, KnuHuka 3a oune 6onectu, beorpag, Cpbuja

CAXETAK

BuncoHoBa 6onect (BB) je ayTO30MHO peLiecBHI HAacIeAHM
nopemehaj metabonuama 6akpa y3poKoBaH MyTaLimjama y reHy
ATP7B, Koju ce Hanasu Ha xpomo3omy 13q14.3. [nobanHa reHet-
CKa npeBaneHuyja BB npu pohety je npubnuxHo 13,9-15,4 Ha
100.000 cTaHOBHMKa. MaKo je y nuTary peTka 6onect 3a Kojy
nocToju epuKacHa Tepanuja, CTone MopTanuTeTa Kog 601ecHu-
Ka ca BB (5-6,1%) Behe cy of 3npaBux KOHTpona. JJoMUHAHT-
He KapaKTepucTrKke Bb yKibyuyjy xenaTnuHe, HeyposoLKe 1
ncvxvjaTprjcke CUHAPOME, a MOPEA HUX Cy OnvcaHy 6pojHM
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APYrv CUMNTOMM 1 3Hauu. AKo 6 ce finjarHo3a nocTasuia n
neyetbe 3anoyeno y paHoj ¢asu, ctarwe bonecHuka ca Bb 6u ce
BEPOBATHO NO6O/bLIANO U 6onecHULM 61 YecTo 61K yrnaBHOM
6e3 cumnToma [10 Kpaja *1BoTa. [paBoBpemeHa AvjarHosa un
[OXMBOTHO NleYerbe 3HauajHO YyTUUY Ha CXOog.

Linrb Ham je 610 ga cymrpamo TpeHyTHa 3Hatba O enuaemuo-
norunju BB, reHeTLK, KNMHNYKUM MaHUdeCTaLmjaMa, AnjarHo-
CTUYKOj 0OpaaV 1 TPeHYTHOM yrpaB/batby Bb.

KmyuHe peun: BuncoHoBa 6onect; 6akap; AujarHOCTUYKM an-
roputam; neyete
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SUMMARY

Ovarian cancer is regarded as the most lethal gynecological cancer with a five-year survival below 45%. It
represents the seventh most common cancer among women. Due to the limited availability of biomarkers
and reliable screening methods for early diagnosis of ovarian cancer, much research is being conducted
to explore and understand the factors that may increase the risk of developing this kind of cancer. When
surgery and chemotherapy treatments have been fully utilized, the development of chemoresistance
becomes a critical factor in the progression of the disease. Glutathione transferases (GSTs) are a group
of enzymes that play a role in the process of detoxification. Genes that code for GSTs proteins exhibit
polymorphism, which can lead to either total or partial loss of enzymatic function. Cytosolic GST activity
is composed of many different isoenzymes that facilitate interactions between glutathione and hazard-
ous chemicals, including cancerogenes, anticancer drugs, and byproducts of oxidative stress. The scope
of this review is to clarify the association of common GST polymorphisms with ovarian cancer risk and
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OVERVIEW OF OVARIAN CANCER

Ovarian cancer is regarded as the most lethal
gynecological cancer with a five-year survival
below 45%. Around 290,000 women world-
wide are diagnosed with ovarian cancer and
180,000 die every year, which represents the
seventh most common cancer among women
[1, 2, 3]. Ovarian cancer can originate from any
of the histologic components of the ovary, such
as epithelium, stroma, or germ cells. The most
prevalent among them is high-grade serous ovar-
ian carcinoma (HGSOC) originating from the
ovarian epithelium [4]. However, pathogenesis of
ovarian cancer has evolved from the hypothesis
that HGSOC develops from ovarian epithelium
to the theory that it starts as a precursor lesion in
the epithelium of distal fallopian tube as a serous
tubal intra epithelial carcinoma [5, 6]. Almost
15-20% of HGSOC have germline BRCA % mu-
tations with cumulative risk of epithelial ovarian
cancer estimated to be 44% and 17% for BRCA1
and in BRCA2 mutation carriers, respectively [7].

Over the course of time, several distinct risk
factors have been discovered for ovarian cancer.
As an example, La Vecchia [8] examined the
connection between the age at which menstrua-
tion begins, the age at which menopause oc-
curs, the regularity of ovulation cycles, and the
specific locations of ovarian cancer. Researchers
determined that women with irregular men-
strual cycles had a nearly 42% greater likelihood

of developing ovarian cancer during the post-
menopausal phase of life [8]. This may also be
observed from the perspective of polycystic
ovarian syndrome, which is considered the
most common cause of irregular menstrual
periods in women of reproductive age [9].

From the pathology standpoint of view,
HGSOC has a diverse development pattern
characterized by the presence of huge papillae,
glandular structures, solid areas, and occasional
micropapillary formations, sometimes accom-
panied by necrosis [10]. It is distinguished by
the presence of high-grade nuclei, and a high
mitotic index. The immunohistochemistry stain
usually shows aberrant expression of p53, dif-
fuse expression of p16, and high expression of
Ki67. Other markers associated with HGSOC
are ER, PR, WT-1, and PAXS8 [11].

Since, HGSOC is regarded as chromosomal-
ly unstable with frequent DNA gains and losses,
there is a great deal of potential for acquiring
chemoresistance [12]. Molecular abnormalities
are defined by ubiquitous inactivating muta-
tions in TP53, copy number alterations and
whole genome duplications [11]. From a molec-
ular perspective, high grade ovarian cancer can
be classified into four distinct subtypes: mes-
enchymal, immunological, differentiated, and
proliferative [13, 14]. Research done by Cheng
et al. [15] discovered seven copy-number sig-
natures that are associated with the prognosis
of ovarian cancer.
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EPIDEMIOLOGY AND INCIDENCE

The average lifetime risk of developing ovarian cancer is
1.3%, the equivalent of 1 in 78 women [16]. The over-
all ovarian cancer incidence rate in the US was 11.5 per
100,000 women during 2010-2014. More than 90% of
ovarian malignancies are of epithelial origin. Epithelial
ovarian carcinomas are classified by tumor cell histology
as serous, endometrioid, mucinous, or clear cell, with one-
quarter being more rare subtypes or unspecified.

At the moment, there is no officially endorsed screening
test for ovarian cancer. However, there are extensive ran-
domized clinical trials aimed at identifying viable screen-
ing methods. In fact, the Prostate, Lung, Colorectal, and
Ovarian Cancer Screening Trial evaluated the effective-
ness of transvaginal ultrasound and detection threshold
(2 35 U/mL) in the tumor marker CA125 for detecting
ovarian cancer at an early stage. But the study did not find
any decrease in ovarian cancer-related deaths even after a
follow-up period of up to 19 years [17].

CHALLENGES IN DIAGNOSIS AND TREATMENT

Nonspecific symptoms such as abdominal bloating, early
satiety, nausea, and abdominal distension are associated
with ovarian cancer. Changes in bowel function, urinary
symptoms, fatigue, and weightloss usually manifest many
months before the diagnosis is made. The majority of pa-
tients are diagnosed in an advanced stage of illness. Due to
the extended period of asymptomatic nature of the disease,
signs of ovarian cancer are demonstrated by the pattern of
cancer tissue spreading throughout the abdominal cavity.

The classic treatment method of ovarian cancer is
characterized by an initial debulking surgery followed by
chemotherapy [18]. The most crucial factor for survival
is the complete elimination of any visible illness in the
abdomen [19]. Poor prognosis and inferior survival rates
are associated with suboptimal surgical treatment that fails
to completely eradicate the tumor burden.

ROLE OF GLUTATHIONE TRANSFERASES IN CANCER

Cytosolic GST is made up of several different forms of en-
zymes that facilitate interactions between glutathione and
lipophilic molecules containing electrophilic centers. GSTs
are recognized as important enzymes in cell detoxification
processes, playing a critical role in the metabolism of both
external substances (such as chemical carcinogens, environ-
mental contaminants, and even anticancer drugs) and inter-
nal electrophilic chemicals [20]. Regarding the substrates of
GSTs, it is important to mention that GSTM1, GSTP1 and
GSTT1 are involved in the inactivation of substances that
can cause cancer, produced during the breakdown of poly-
cyclic aromatic hydrocarbons and arylamines [21]. GST
family members also possess antioxidant activity [22, 23].

GST enzymes have been categorized into seven classes:
alpha, mu, pi, theta, zeta, omega, and sigma. The most
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extensively investigated glutathione transferase genetic
polymorphisms are GSTA1, GSTM1, GSTP1, and GSTT1
and to some less extent GSTO1 [24]. Most of the varia-
tions found in genes that code for cytosolic GSTs are single
nucleotide polymorphisms (SNPs). The substitution of
isoleucine (Ile) with valine (Val) resulting from SNP alters
the catalytic and regulatory characteristics of the GSTP1
enzyme [25, 26]. On the other hand, the GSTA1 polymor-
phism is characterized by three SNPs, namely -567TOG,
-69COT, and -52GOA, which appear to be connected. The
changes mentioned lead to differential expression, with
the variant GSTA1*B allele (-567G, -697T, -52A) having re-
duced transcriptional activation compared to the common
GSTA1*A allele (-567T, -69C, -52G) [27]. The substitution
of the amino acid Alanine (Ala) with Aspartic acid (Asp) at
position 140, caused by SNP where C is replaced by A, in
exon 4 of the GSTO1 gene (GSTO1*Ala140Asp), alters the
deglutathionylase and thioltransferase activity of the gene
[28, 29, 30]. The GSTO2 rs156697 polymorphism involves
a SNP where the nucleotide A is replaced by G. This substi-
tution results in the amino acid Asparagine being replaced
by Aspartic acid at position 142 (GSTO2*Asn142Asp) [31,
32]. This genetic variation may be associated with changes
in the levels of the GSTO2 protein.

The functional importance of GST SNPs has been
emphasized by Hollman et al. [33], who proposed a cat-
egorization of disorders strongly associated with SNPs
discovered in GSTs, including malignancies. Conversely,
deletion polymorphisms of genes that encode for human
cytosolic GSTM1 and GSTT1 are rather prevalent in hu-
man populations. Roughly 50% of the population does not
have GSTM1 enzyme activity because they have a homo-
zygous deletion of the GSTM1 gene. In the case of GSTT],
about 20% of Caucasians have a gene homozygous dele-
tion, resulting in a lack of GSTT1 enzyme activity [34, 35].

GST polymorphisms have been associated with an in-
creased risk for a variety of other types of cancer, such
as breast, gastric, renal, lung and colorectal [36]. Meta-
analysis conducted by Chinese authors on total of 17 stud-
ies, involving 5323 breast cancer cases and 7196 controls,
found a significant association between the null GSTM1
and breast cancer risk [37]. This study exclusively recruited
individuals of Chinese ethnicity, which limits the ability
to apply the findings on general population due to the
well-established variations in the distribution of GSTM1
among other racial populations. The frequency of GSTT1
null genotype varies from 20% in Caucasians to 60% in
Asians, whereas around 50% of the global population
(varying from 22% in Africa to 62% in Europe) have the
GSTM!I null genotype [21].

A study carried out by Coric et al. [38] examined the
impact of GST gene variations on the likelihood of de-
veloping renal cell carcinoma (RCC) and the postopera-
tive prognosis in patients with clear cell RCC. It has been
shown that individuals with GSTMI1-null and GSTP1-
variant genotypes have a higher risk of developing RCC. In
contrast, the absence of the GSTM1 protein due to GSTM1
null genotype is linked to a positive postoperative out-
come in clear cell RCC [38]. Matic et al. [39] investigated
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the correlation between genetic variations in the GSTA1L,
GSTM1, GSTP1, and GSTT1 genes with the risk of bladder
cancer. They further assessed whether this correlation was
influenced by smoking. The presence of null or low-activ-
ity genotypes of the GSTA1, GSTM1, GSTT1, and GSTP1
genes did not have a separate impact on the likelihood of
developing bladder cancer in our patients. Nevertheless,
the combination of low activity GSTA1 and GSTM1-null
genotype enhances an individual’s vulnerability to bladder
cancer when associated with smoking [39].

In addition to its typical function as a phase II detoxi-
tying enzyme, glutathione transferases may also directly
inactivate several standard anti-cancer medications (such
as chlorambucil, cyclophosphamide, melphalan, cisplatin,
thiotepa, and others] through GST-dependent conjuga-
tion reactions, as they are also substrates for GSTs [40,
41]. GSTs also appears to interact with efflux transport-
ers, hence enhancing the efflux of anticancer drugs from
the cell. Additionally, GSTs interact with other signaling
molecules that are involved in the control of apoptosis.
This specifically applies to the GSTP1, since it can bind to
both small and large molecules. It acts as a suppressor of
kinase-dependent apoptotic signaling pathways by form-
ing protein-protein complexes with regulatory mitogen-
activated kinases like JNK1 (c-Jun NH2-terminal kinase).
Additionally, GSTP1 plays a role in detoxifying potentially
cancer-causing substances. Furthermore, it can enhance
the removal of drugs from cells, thereby contributing
to chemoresistance. Also, GSTP1 demonstrates a syner-
gistic impact on the development of chemoresistance to
ethacrynic acid, chlorambucil, vincristine, and etoposide
via interacting with MRP-1 [42].Thus, the catalytic and
regulatory activities of GSTs may be regarded as signifi-
cant components that contribute to at least several key
pathways of chemoresistance [20]. Obviously, GSTs may
have a role in chemoresistance, even for drugs that are not
typically metabolized by GSTs. Therefore, GSTs appear to
be well-suited for the creation of new drugs, particularly
because each type of cancer cells possess a distinct GST
signature. This allows for precise targeting and selectiv-
ity when designing inhibitors and pro-drugs specific to
each isoenzyme [43, 44]. Ishikawa et al. [45] carried out
research on the expression of ATP-dependent glutathione
S-conjugate export pump (GSX-Pump) and the capacity of
tumor cells to eliminate a potentially cytotoxic glutathione-
platinum complex, thereby modulating glutathione (GSH)-
associated resistance to cisplatin. It was discovered that
human promyelocytic leukemia HL-60 (HL-60/R-CP) cells
had functionally overexpressed GSX-Pump [45]. Horton
et al. [46] performed a study on ovarian cancer cells that
were isolated after subjecting the parent cells to increasing
doses of alkylating agent over time. The study demonstrat-
ed that the resistant cell line exhibited nearly a five-fold
increase in GST activity compared to the original cell line.
Additionally, they demonstrated that the resistant cell line
exhibited a minimum of 11 times greater GSTM activity
compared to the parental cells, in which this isoform was
hardly detectable. The results have shown a close and di-
rect relationship between resistance to the alkylating drug
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chlorambucil and the increased expression of mu-class
GSTs. These findings imply that this increased expression
may be partially responsible for the acquired resistance of
ovarian cancer cells [46].

GLUTATHIONE TRANSFERASE POLYMORPHISMS
AND OVARIAN CANCER RISK

Due to the difficulty in the early-stage diagnosis of ovarian
cancer, extensive research has been dedicated to under-
standing the factors that increase an individual’s vulner-
ability to this malignant illness. Currently, there are no
recommendations regarding population-wide screening
procedures that have demonstrated sufficient effectiveness
to be implemented in routine practice. SNPs are the pre-
dominant type of genetic variation in humans and might
potentially influence an individuals susceptibility to cancer.
It seems reasonable to assume that glutathione transferases
play a role in metabolizing different carcinogens that could
potentially contribute to the development of ovarian cancer,
providing a strong biological basis for the study of associa-
tions of GST polymorphisms with risk of ovarian cancer.
Several large-scale meta-analyses have been undertaken in
recent decades to investigate the correlation between GST
polymorphisms with the likelihood of developing ovarian
cancer. Significantly, most of them focused on specific GST
polymorphisms, including the GSTM, GSTT, and GSTP
gene families. Economopoulos et al. [21] conducted a large
and thorough meta-analysis. They analyzed eight studies
that investigated the GSTM1I null polymorphism status,
with a total of 2357 cases and 3044 controls. They also ana-
lyzed six studies on the GSTT1 null polymorphism, with
1923 cases and 2759 controls. Additionally, three studies on
the GSTP1 Ile105Val were included in the meta-analysis.
The investigated GSTM1, GSTT1, and GSTP1 genetic poly-
morphisms do not appear to provide any extra proof of
susceptibility to ovarian cancer [21]. In a study carried out
by Jin et al. [47], they utilized literature data to examine the
association between GSTMI polymorphism and GSTT1
polymorphism in ovarian cancer. They identified a total of
eight studies, which included 2397 cases and 2910 controls
for GSTM1 polymorphism, and 2049 cases and 2668 con-
trols for GSTTI polymorphism. The comprehensive data
indicated that individuals with the GSTM1 null genotype
did not exhibit a substantially higher risk of ovarian cancer
compared to those with the GSTM1I active genotype. In
both the overall analysis and the subgroup of Caucasian
subjects, no association was found between GSTT1 poly-
morphism and the investigated model [47]. Although cur-
rent studies have not yet provided conclusive evidence of a
link between GST polymorphisms and epithelial ovarian
cancer risk, recent study on the role of GST omega class
polymorphisms has shown that that GSTO locus variants
may confer ovarian cancer risk. Preferably, GSTO2 should
be primarily sequenced for variants that may influence the
disease risk [48, 49].

Nevertheless, investigations done on other cancers
of the urogenital system indicate a correlation between
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GSTs and the development of cancer. Matic et al. [39] in-
vestigated the correlation between genetic variations in
the GSTA1, GSTM1, GSTPI, and GSTT1 genes with the
incidence of bladder cancer. Additionally, they assessed
whether these variations were influenced by smoking.
None of the analyzed polymorphisms exhibited a statis-
tically significant independent connection with bladder
cancer risk. However, when combined with smoking, both
the low activity GSTAI and GSTM1-null genotype contrib-
ute to an increased vulnerability to bladder cancer [39].
These findings indicate that GSTs polymorphisms have a
role in carcinogenesis, and lifestyle factors can also impact
the outcome. Since this aspect was not included in the
previous research on the risk of ovarian cancer, the study
of gene-environmental interactions in ovarian cancer risk
might be an appropriate direction for future investigations.
Besides, polymorphisms of GST members should also be
examined in correlation with the degree of oxidative stress
which may be one of contributing factors that initiate ovar-
ian cancerogenesis [22, 23, 50].

GLUTATHIONE TRANSFERASE POLYMORPHISMS
AND OVARIAN CANCER CHEMORESISTANCE

The conventional treatment for ovarian cancer patients
involves cytoreductive surgery followed by the adminis-
tration of chemotherapeutic drugs, specifically platinum-
based compounds with taxans. However, a significant
number of patients who experience a relapse develop re-
sistance to platinum-based chemotherapy due to repeated
treatment cycles. As a result, resistance to chemotherapy,
whether inherent or acquired, is a prevalent issue in the
management of ovarian cancer patients. The precise mech-
anisms of chemoresistance have not yet been completely
understood. Presently, about 90% of patients acquire a kind
of chemoresistance that ultimately proves fatal. The pri-
mary factors contributing to chemoresistance are:

1. the fact that there are heterogeneous tumor cells;

2. the presence of cancer stem cells;

3. the particular features of the tumor microenviron-
ment [51].

As previously mentioned, the majority of polymor-
phisms found in genes that encode cytosolic GSTs belong
to SNPs. Furthermore, the alterations in amino acids
caused by SNPs lead to variations in the expression of GST
variants, resulting in reduced transcriptional activity or
functional change due to altered protein structure [43].
In addition to their role in promoting chemoresistance
through their conjugating activity, GSTs also appear to
interact with efflux transporters, therefore enhancing the
efflux of anti-cancer drugs from the cell. This is another
mechanism that is related to the development of chemo-
resistance [42].

Zhang et al. [52] examined the molecular and cellular
factors behind chemoresistance in ovarian cancer, focusing
on determining the expression of genes that encode gluta-
thione transferase T1 in ovarian cancer cell cultures. The
study demonstrated a significant increase in the expression
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of GSTT1 genes in serous ovarian cancer cell lines that
are resistant to paclitaxel and carboplatin [52]. In addi-
tion, the study done by Liblab et al. [53] examined the
correlation between genetic variations in ERCC1, XRCCl,
and GSTP1, which have a role in platinum metabolism.
The study showed that individuals with the GSTP1 A/G
genotype exhibited a greater incidence of grade 2 anemia.
This finding suggests that grade 2 anemia might potentially
serve as a valuable indicator for predicting the clinical ef-
fectiveness of platinum-based chemotherapy [53]. These
conclusions display the intricate function that glutathione
S transferase can play in oncological therapy. Both poly-
morphisms and gene expression can impact the outcome.
In addition, it has been revealed that GST can also impact
the rate of complications, which are classified based on the
grade or severity of multiple organ systems as a secondary
effect of chemotherapy.

Kolwijck et al. [54] assessed the correlation between
GSTP1-1 levels in ovarian cyst fluid, collected prior to che-
motherapy during surgery, and the clinical outcomes of pa-
tients with epithelial ovarian cancer. The study included a
total of 56 patients diagnosed with epithelial ovarian cancer
and 109 patients without disease, who served as controls.
The outcome was assessed by comparing the duration of
progression-free survival and overall survival. It was discov-
ered that patients with malignant illness and advanced FIGO
stage exhibited elevated levels of GSTP1. Also, patients who
received chemotherapy and had elevated levels of GSTP1
have worse progression-free survival and overall survival
rates. Therefore, it may be concluded that cancer cells in-
crease their ability to metabolize and remove anti-cancer
drugs in GSTP1 dependent manner [54]. Nagle et al. [55]
examined the impact of glutathione-S-transferase polymor-
phisms on the survival of women diagnosed with ovarian
cancer. The researchers examined Australian women who
were diagnosed with ovarian cancer between 1985 and 1997.
They used DNA isolated from peripheral blood and unin-
volved (normal) tissues for their analysis. They found that
women with non-functional GST polymorphism, specifi-
cally the GSTP1 Ile105Val GG/GA genotype, experienced a
significantly improved survival. This can be attributed to the
enhanced ability of functional GST enzymes to efficiently
detoxify anti-cancer drugs, leading to quicker elimination
and reduced impact on tumor cells [55]. The study under-
taken by O’Brien et al. [56] examined the impact of coordi-
nated overexpression of glutathione phase II detoxification
gene products on drug resistance. Specifically, glutathione,
glutathione transferases, and the multidrug resistance-asso-
ciated protein 1 have been individually examined for their
roles in drug resistance. Upon combining all three, there was
a notable increase in resistance levels for doxorubicin and
etoposide. These findings validate the idea that the simul-
taneous improvement of detoxification pathways leads to a
more effective defensive characteristic, leading to enhanced
survival of tumor cells [56].

Khrunin et al. [57] analyzed 21 variations in 10 genes
that encode the proteins responsible for cisplatin metab-
olism. A study was conducted to examine the relation-
ship between the effectiveness and harmful effects of the
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cisplatin-cyclophosphamide treatment in 104 patients
with ovarian cancer. The association between the GSTPI
Ile105Val polymorphism and progression-free survival was
shown to be significant. The allelic status of the GSTAI C
> T polymorphism was shown to be associated with better
overall survival. Despite this, there were no observed asso-
ciations between genotypes and complete tumor responses
[57]. Furthermore, Kim et al. [58] conducted an analysis
on several genes, including GSTPI, GSTM]1, and GSTT1
polymorphisms, to investigate their relationship with drug
toxicity and their potential as a predictive factor. Data was
collected for the medical records of 118 patients. The study
demonstrated that having an active (non-null) genotype
in the GSTT1 was associated with a lower likelihood of
overall response to chemotherapy. Additionally, those with
an A/A genotype in the GSTPI Ile105Val polymorphism
had a significantly higher chance of experiencing grade 3
or 4 hematological complications. Both of these two studies
highlight the significance of GST polymorphisms in the
prognosis, responsiveness, and complication rate associ-
ated with ovarian cancer [58].

Nonetheless, several compounds that can inhibit GSTs
have been produced, and certain natural inhibitors have
also been identified and studied. This is because blocking
GSTs can help reverse drug resistance. The synthesis of
GST inhibitors and the investigation of natural inhibitors
have been extensively documented. Most of these com-
pounds are either GST substrates or GSH analogs or mech-
anism-based inhibitors, resulting in enzyme inhibition
through various mechanisms. The efficient accumulation
and/or activation of anti-cancer drugs within cancer cells
can be achieved by exploiting the overexpression of certain
GSTs in distinct types of malignancies. Therefore, GSTs
are appropriate as biomarkers for combination therapy
including specific GST inhibitors and for the creation of
new anti-cancer medications with focused selectivity [43,
59]. Molecules with the ability to inhibit GSTs may play
arole in the series of actions that can be taken to combat
drug resistance. Specifically, a substantial quantity of GST
inhibitors has previously been developed, while there has
been long-standing evidence of natural inhibitors. The
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Mose3aHoCT noaMmopdu3ama 3a ryTaTUOH-TpaHChepasy ca pU3UKOM 3a
OBapMja/iHX KapLMHOM U NOjaBy XeMMOPE3UCTEHLUje

MeTap Cumuh', Mapwuja Mibewa-Epyerosau?**

'TMHeKoNoLWKo-aKyLlepcKa KnuHuka ,HapoaHu dpoHT’, beorpag, Cpbuja;

*YHnusep3utet y beorpapy, MeanunHcku dakyntert, beorpag, Cpbuja;
SWIHCTUTYT 32 MEAMLIMHCKY 1 KHWYKY 61roxemujy, Beorpag, Cpbuja;

“LleHTap 13BPCHOCTM 3a pefoKc MeauuuHy, beorpag, Cpbuja

CAXETAK

KapumrHoOM jajHrKa ce cmaTpa HajCMPTOHOCHUjMM FMHEKONO-
LUKMM KapLiMHOMOM Ca MeTOroAMLLIHYM NPeXnBibaBatbeM Nc-
nog 45%. OH npefcTaB/ba ceaMy Hajuelwhn pak mehy *keHama.
C 0631poM Ha TO Aa je BOCTYNMHOCT 6rioMapKepa KapLy1MHoMa
jajHMKa orpaHmyeHa, Kao 1 fa He NOCToje noy3faHe meToge
CKPUHWHTA, y TOKY Cy MHOTa UCTPaXKrBara GpakTopa Koju nose-
haBajy p13uK 3a HacTaHak oBor Tymopa. HakoH ncupnbriBarba
XUPYPLUKMX 1 XeMUOTEPANUjCKMX MeToAa leyetba KapLMHOMa
jajHMKa, pa3Boj XxeMrope3nCTEHLMje MOCTaje KpUTYaH GakTop
y HanpepoBamy 6onecty. MyTaTMoH-TpaHcdepase cy amunuja
€H3MMa KOju Urpajy Kiby4Hy ynory y npouecy AeTokcuKaLm-
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je.Y reHuma Koju Kopupajy rnyTaTuoH-TpaHchepase nocroje
nonauMopdr3aMm, Koj Mory JOBECTW A0 MOTMNYHOT UAW Senn-
MUYHOT ry6utka ¢pyHKuMje eH3uma. LiutoconHy akTBHOCT
rNyTaTUOH-TPaHCcPepasa YMHU MHOTO PA3ANYNTUX U30EH3MMa
KOjW KaTanuly nHTepakumje namehy rnytatmoHa n TOKCUYHMX
jeaumetba, YKibyuyjyhn KaHLeporeHe, 1eKoBe NPOTMB paKa 1
NpoAyKTe OKCUAATUBHOT CcTpeca. Linmb oBor npernepHor YnaHka
je pa pasjacHu noBe3aHOCT Hajuelhrx nonmopdrsama reHa 3a
rNyTaTMOH-TPaHCcPepase ca PU3MKOM 3a HaCTaHaK paKa jajHuKa
1 FErOBOM XEMMOPE3UCTEHLIMjOM.

KrbyuHe peun: rnyTaTMoH-TpaHchepasa; KapLmnHOM jajHuKa;
nonnMopdu3mMm; pr3nK; XeMropesncTeHUrja
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“Artificial Intelligence and Medicine” - joint
symposium of the Academy of Engineering Sciences
of Serbia and the Academy of Medical Sciences of
the Serbian Medical Society
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The Academy of Engineering Sciences of
Serbia (AESS) and the Academy of Medical
Sciences of the Serbian Medical Society (AMS-
SMS) have successfully organized a joint
symposium titled “Artificial Intelligence and
Medicine” held in Belgrade on May 15, 2024.

At the opening of the symposium, Professor
Dr. Milo$ Nedeljkovi¢, president of AESS and
Professor Dr. Svetolik Avramov, president of
AMS-SMS greeted the gathering. Both presi-
dents expressed their satisfaction that the
cooperation between the two academies was
established in 2020 by signing a cooperation
protocol. Professor Nedeljkovi¢ reminded the
audience that the first joint meeting between
the two academies was held in 2021 with a
series of lectures from various fields in which
engineers and doctors collaborate [1, 2]. He
added that the proposal for the symposium on
artificial intelligence (AI) and medicine was
made by Professor Dr. Ljubica Pukanovi¢,
former president of the AMS-SMS, who with
Professor Dr. Aleksandra Smiljani¢, vice pres-
ident of AESS, prepared the program of the
symposium. He congratulated the professors
on the rich program and interesting lectures
that would be held by doctors and engineers.
He also expressed his satisfaction that the audi-
ence included engineers, physicians, dentists,
biochemists, and pharmacists and that the sym-
posium was accredited by the Health Council
of Serbia. Professor Avramov expressed his sat-
isfaction that the cooperation between the two
academies, which was slightly hindered by the
COVID-19 pandemic, continues. He empha-
sized the importance of cooperation between
engineers and doctors, which contributed to
the incredible development of medicine in re-
cent decades [3, 4]. He especially praised the
actuality of the topic of the symposium and
added that Al is already being applied in sev-
eral branches of medicine. There is no doubt

that its application will lead to further and sig-
nificant progress in medicine. Both presidents
wished everyone a successful symposium and
future joint scientific meetings between the two
academies.

The program of the meeting consisted of 10
lectures covering different areas of medicine in
which AT finds application.

Professor Dr. Vladan Devedzi¢ (Faculty
of Organizational Sciences, University of
Belgrade), a corresponding member of the
Serbian Academy of Sciences and Arts, gave the
opening talk titled “If the band you are in starts
playing different tunes: a tale about generative
artificial intelligence”” Professor started his talk
with the explanation of what generative Al is,
and how large language models, large visual
models, and other similar AT models allow for
generating different kinds of content. There are
numerous specific applications that use such
models, like the famous ChatGPT chatbot,
the Midjourney image generation app, or the
AIVA app for generating music. After review-
ing important terminology in the generative Al
field, he presented its underlying algorithms, as
well as several of its applications and systems.
Through several examples of current applica-
tions and tools, Professor Devedzi¢ illustrated
how to work with them in practice.

Research Associate Professor Dr. Biljana
Stankovié, coworker of Research Professor
Dr. Sonja Pavlovi¢, member of AMS-SMS, pre-
sented the use of machine learning in the detec-
tion of inflammatory bowel disease molecular
biomarkers in her lecture titled “Application of
artificial intelligence in the analysis of genetic
data obtained by new-generation sequencing”
She introduced the auditorium to the problem
brought by modern high-throughput technolo-
gies such as next-generation sequencing that
generate large amounts of biological data. The
use of such extensive data requires advanced
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Figure 1. Opening address by Prof. Milos Nedeljkovi¢, President of the Academy of Engineering Sciences of Serbia (AESS) and Past Dean of
the Faculty of Mechanical Engineering, University of Belgrade (FMEUB) at the symposium titled “Artificial Intelligence and Medicine” - joint
symposium of the Academy of Medical Sciences of the Serbian Medical Society and the AESS held on May 15, 2024 (Ceremonial Hall, FMEUB,
Belgrade, Serbia); courtesy of FMEUB, lvana Subasi¢

bioinformatics and statistical methods. In the presented
study, the authors used human genome data obtained by
the next-generation sequencing method, as well as data
from medical records, and by machine learning algorithms
selected molecular biomarkers that more accurately pre-
dicted the onset and the course of inflammatory bowel
disease. These biomarkers significantly help in the preven-
tion, early detection, and treatment of this disease.

Two lectures, one by an electrical engineer and the other
by a doctor, dealt with the application of AI methods in
medical imaging.

Professor Dr. Ana Gavrovska (School of Electrical
Engineering, University of Belgrade) in her lecture titled
“Modern automated approaches in improving medical im-
aging with the aim of effective diagnostics, management
and risk assessment” pointed out that automated approach-
es based on Al can significantly improve medical imaging.
Research in the field of medical imaging includes image
quality improvements, detection performance enhance-
ment, advanced image classification, estimation of pos-
sible user states, etc. All this makes medical image-based
methods more effective, personalized, accessible, and less
expensive. While presenting the modern achievements and
possibilities of machine learning in working with medical
images, Professor Gavrovska referred to current research
at the Laboratory for Image Processing, Telemedicine and
Multimedia, School of Electrical Engineering.

Professor Dr. Ruzica Maksimovi¢ (Faculty of
Medicine, University of Belgrade) began her lecture titled
“Artificial intelligence in radiology” by asserting that Al
has significantly contributed to improving the quality of

diagnosis in various areas of radiology. However, she em-
phasized that radiologists should understand not only the
value but also the pitfalls, weaknesses, and potential errors
that may occur with the application of AI. Although Al
algorithms are powerful, interpretation can lead to reduced
diagnostic accuracy if tasked outside of its scope. This re-
quires continuous training of radiologists and their close
cooperation with software engineers and data scientists,
because only such collaboration enables the correct choice
of data analysis and processing methods to be used. This
leads to reliable conclusions of key importance for the di-
agnosis and treatment of patients.

Ilija Tanaskovi¢, Master of Engineering (School
of Electrical Engineering, University of Belgrade;
The Institute for Artificial Intelligence Research and
Development of Serbia) in his lecture titled “Application
of artificial intelligence in the analysis of biomedical sig-
nals and images” introduced the audience to a large num-
ber of available trained models on large datasets that can
be tailored to specific domains. Fine-tuning of the You
Only Look Once (YOLO) model proved to be success-
ful in the analysis of CT scans of patients with kidney
tumors, enabling better detection and segmentation of
the kidney tumor region (precision = 0.93, recall = 0.9).
Analysis of biomedical electrocardiogram (ECG) signals
using 12-channel ECG recordings showed success (93%
area under the curve) for differentiating the normal signal
from the signal of patients with myocardial hypertrophy,
myocardial infarction, and ST/T changes. Additionally,
ECG in combination with impedance cardiogram showed
high accuracy in biometric identification.
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Associate Professor Dr. Predrag Tadi¢ (School of
Electrical Engineering, University of Belgrade) held the
lecture titled “Diagnosis of heart failure using machine
and deep learning” co-authored by Research Professor
Dr. Jovana Petrovi¢ (Vinca Institute of Nuclear Sciences,
University of Belgrade). The lecturer first explained ba-
sic terms in the field of Al (expert system, machine/deep
learning), and the principles on which their successful ap-
plications are based. Examples of successful applications of
these techniques in medicine were then presented. Special
attention was given to the SensSmart project funded by
the Science Fund of the Republic of Serbia, whose goal
is the development of a multi-sensor polycardiograph
(stethoscope, ECG, accelerometer, photoplethysmogra-
phy) and the accompanying algorithm based on machine
and deep learning for the early diagnosis of heart failure.
It was stated that within the SensSmart project, a database
of recordings of sick and healthy subjects will be collected
and made publicly available. This will contribute to solving
one of the biggest obstacles in the wider application of ma-
chine learning in medicine, which the lack is of adequately
annotated and publicly available medical data.

Professor Dr. Vladimir Mladenovi¢ (Faculty of
Technical Sciences in Cacak, University of Kragujevac)
presented in the lecture titled “Application of neural net-
work models in predicting volume load in children on he-
modialysis: an example of a case study of the application of
artificial intelligence in medicine,” the results of research
conducted in cooperation with associate member of AMS-
SMS Professor Dr. Mirjana Kosti¢ (Faculty of Medicine,
University of Belgrade) and their collaborators. Artificial
neural networks were used in the study to obtain precise
information about overhydration in children on regular
hemodialysis. The obtained data on overhydration allows
for the adjustment of dialysis parameters and the reduc-
tion of potential risks caused by excessive hydration. The
example of the application of Al in hemodialysis illustrates
how these technologies can improve the precision and ef-
ficiency of medical procedures, which contributes to im-
proving the quality of life and patient outcomes.

Dr. Marina Popovi¢ Krneta (Faculty of Medicine,
University of Belgrade), coworker of Professor Dr.
Dragana Sobi¢ Saranovi¢, full member of AMS-SMS, in
the lecture titled “Fundamentals of supervised machine
learning and their practical application in nuclear endo-
crinology” presented their experience with the applica-
tion of machine learning in order to identify predictive
factors for the diagnosis and treatment of patients with
papillary thyroid carcinoma (PTC). Through the examples
of patients with PTC, predictive models based on different
types of supervised machine learning were considered,
which would allow for increased effectiveness of applied
therapy in high-risk patients with PTC. On the other hand,
it would enable avoiding unnecessary therapeutic protocols
in patients where there is no clinical benefit from their
application. In addition, she presented how the applica-
tion of explainable machine learning methods can improve
the interpretation and reliability of predictive models in
medical research.
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Assistant Professor Dr. Sc. Marija Zivkovi¢ (Faculty of
Dental Medicine, University of Belgrade) held the lecture
titled “Artificial intelligence in dentistry: opportunities and
challenges”” Firstly, she briefly presented the benefits of
digital dentistry, which made a perfect introduction to the
application of Al in dentistry. Al methods enable image
analysis, more efficient treatment planning, and prediction
of treatment outcomes due to the possibility of analyz-
ing a large amount of data. Specifically mentioned topics
included the importance of Al in the field of orthodon-
tics. Al is characterized by high precision in determining
cephalometric points on X-ray images with the help of
convolutional neural networks, assessing whether extrac-
tions are needed within orthodontic therapy, as well as
determining skeletal maturity based on the cervical ver-
tebral maturation method. Although AI algorithms can
significantly help in the interpretation of complex data,
the final decision on the course of the treatment should
still be made by the clinician, based on the available data
and their personal experience.

Professor Dr. Jelena Roganovi¢ (Faculty of Dental
Medicine, University of Belgrade) held the lecture titled
“Ethical application of artificial intelligence in dental prac-
tice” that rounded off the content of the symposium, since
the application of Al opens up numerous ethical challeng-
es. The application of Al in dentistry requires that two
questions are always considered: first — if and when Al tool
should be applied; and second — how to engage Al in clini-
cal decision-making. Furthermore, dentists need to acquire
specific and Al-use-related skills in order to apply Al safely
and effectively to dental patients. The results of the recent
survey conducted at the Faculty of Dental Medicine in
Belgrade showed that undergraduates compared to post-
graduate dental students were skeptic about whether they
should use Al in the practice at all. This could be a con-
sequence of the lack of basic and continuing education
regarding this subject, as well as of fear of risk that AT will
replace dentists. Professor Roganovi¢ emphasized that the
rapid development and introduction of AI methods into
dental practices requires equally rapid preparation of legal
and ethical regulations on the application of Al

In the discussions after the individual lectures, sym-
posium participants expressed their interest in certain
presented methods as well as in the possibility of their
application in practice. They also shared their experience
in the application of Al and gave interesting suggestions
for further research and cooperation. Ethical issues re-
lated to AI were mentioned several times in lectures and
discussions, especially the necessity of legal and ethical
regulations on the application of Al both globally and in
our country.

The first joint meeting between AMS-SMS and AESS
held in 2021 aimed to show the wide range of fields in
which engineers and doctors collaborate [1]. The sym-
posium titled “Artificial intelligence in medicine” was the
first thematic symposium and it showed that Al is success-
fully applied in health and scientific institutions in Serbia
thanks to the cooperation of engineers and doctors. Al
has found applications in various branches of medicine,
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so it is proposed to organize scientific meetings on the
application of Al in specific branches of medicine in the
future. This would contribute to the exchange of experi-
ence and knowledge, to better cooperation between teams
of different professions, and to the further progress of both
engineering and medicine.
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CTBO AYTOPUMA 3A NMPUTNPEMY PALIA

IIpe mogHOmema pyKonuca YpeSHNIITBY YaCOIM-
ca ,CpICKM apXuB 3a I[eIOKYITHO TeKapcTBo“ (CA)
cBM ayTopu Tpeba Ja MpoyuTajy YOyrcTBo 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpe6ue
uHopMaIuje 0 MUCaby U IPUIIPEMHU Pafa y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je Basxno ja ayro-
pu punpemMe paj npemMa JaTuM Nponosnnyjama, jep
YKOIIVIKO PYKOINC He Oyfie ycKnaheH ¢ oBUM 3axTeBUMa,
Vpenuumrso he opIoxuTy MIu ox6UTH HeroBo myomm-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapuury.
3a wranke koju he ce o6jaButu y CA, camoM HoHyOM
pana CpIcKoM apXuBY CBU ayTOPH pafia IpeHOce CBOja
ayTopcKa IpaBa Ha u3faBava yaconuca — Cpicko je-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaBmyje pagoBe Koju 10
cajia HUCY HUT/ie 06jaB/beHN, Y LeTOCTH VTN JIeTIOM, HUTH
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTU
u Behe IMTUPAaHOCTY IpeTopydyje ce ayTopuMa fia pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesuky. Y CA
ce 06jaBipyjy cnefehe kaTeropuje pagoBa: yBOGHUIIN,
OPUTMHAIHY PaJiOBY, IPETXO/IHA U KPAaTKa CAOILITEmba,
mpuKasy 60IeCHIKaA U CTy4YajeBa, BUJe0-YIaHIIN, CIIMKe
U3 KIMHIYKe MeJIUIIHe, IPErTIelHN PaZloBy, aKTye/He
TeMe, PaJloBI 3a IIPAKCy, PaJOBYU 13 ICTOPHMje MefyuIIMHe
U je3aNKa MeMIMHe, MeUIIMHCKe eTHUKe, PerylaTOpHIX
CTaHJap/ia Y MeJUIMHY, U3BELITaj) Ca KOHIpeca U Ha-
YYHUX CKYTIOBA, IMYHY CTAaBOBM, HAPyUY€H! KOMEHTa-
PY, IMCMA YPEIHUKY, IPUKA3K KIbUTA, CTPYYHE BeCTH,
In memoriam v ppyru npunosu. OpurnHajIHU PasoBy,
IIPeTXOMIHA ¥ KPaTKa CaoIlIITeka, IpUKasy 60mIecHNKa 1
Cy4ajeBa, BUJIe0-WIAHIIM, CIMKe U3 KIMHNYKe MeJUIIHE,
IperyiefHN PafloBy U aKTyelTHe TeMe, TyOImKyjy ce yc-
K/by4MBO Ha €HITIECKOM je3MKY, a OCTajie BpCTe pajioBa ce
MOTY ITyO/IMKOBATY M Ha CPIICKOM je3MKY CaMo IO OfTyLIU
Ypepuuitsa. PagoBu ce yBek 10CTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3NKy (y CK/IOITy caMOT PYyKo-
mca). TekcT pafia KylaTu y mporpamy 3a o6pajy TeKcra
Word, dourom Times New Roman u1 BeTN4MHOM CIOBa
12 ragaka (12 pt). CBe yeTupu MapruHe IOfeCUTH Ha 25
mm, BeMMIIMHY CTpaHuIle Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM ITPOPENIOM, JIEBMM TIOPABHAILEM 1 YB/IaUeIheM
cBaKor nacyca 3a 10 mm, 6e3 ne/pera peun (xudeHnanuyje).
He xopuctuty Tabynarope u y3acToIHe IpasHe Kapak-
Tepe (CIlejcoBe) pany IOpaBHaMba TEKCTa, Beh anaTke 3a
KOHTpOJTy IOpaBHama Ha newupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHy IOKyMeHTa He KOPUCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Iloce cBakor 3Haka
MHTEPIYHKIMje CTABUTHU CaMO jefjaH ITpa3aH KapakTep.
AKO ce y TEKCTy KOPUCTe CIlelMjanHy 3Hauyu (cuM6oin),
xopuctutu out Symbol. [Togany o kopuurheHoj muTe-
paTypu y TEKCTY O3HAa4YaBajy ce apancKuM OpojeBuma y
yIIaCTUM 3arpagama — Hip. [1, 2], ¥ TO pefociefioM Kojum
ce 10jaBsbyjy y TeKcTy. CTpaHulle HyMepucaTu pefioM y
TOH-eM JIeCHOM YTJIy, I0Y€eB Off HAC/IOBHE CTpaHe.

[Tpu mucamy TeKCTa Ha eHITIECKOM je3VKy Tpeba ce Ipupp-
JKaBaTy je3auuKor craupappa American English v xopucTu-

TV KpaTKe 1 jacHe pedeHulle. 3a HasyBe TeKOBa KOPUCTUTHU
UCK/bY4MBO reHepiyuKa MMeHa. Ypehajn (amaparu) ce 03-
HavaBajy GpabpMyKIM HasMBMMa, 2 IMe VI MeCTO IIPON3-
Bohada Tpe6a HaBecTV y 061MM 3arpajiama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje Cy CIIOj cloBa U 6pojesa,
IIpeLVI3HO HanmucaTy 6poj KOji ce jaB/ba Y CYIepCKPUITY
wmm cynckpunry (amp. *Tc, IL-6, O,, b ,, CD8). Ykomko
ce HellITo yobuyajeHo muiie KypsusoM (italic), Taxko ce u
HaBopy, HIIp. rexn (BRCAI).

YKOMMKO je paf 1eo MarucTapcke Tese, OHOCHO JOKTOPC-
Ke jucepranuje, Wiu je ypaheH y OkBupy Hay4HOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha Kpajy
TekcTa. Takobe, YKOMIKO je paji IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABeCTH 3BaHMYaH Ha3MB CKY-
I1a, MeCTO U BpeMe Ofip>KaBarba, fia /M je pajj U Kako my6-
NMKOBaH (HIp. VICTY VI APYTaduji HACTIOB MM CaXKETaK).

KIMHNYKA UCTPAJKMBAIBA. Knuanyka uctpa-
KMBamwa ce AeUHNITY Kao MICTPaXXMBamba yTHUIaja jef-
HOT VTV BUIIe CPeCTaBa VM Mepa Ha VICXO 37paBiba.
Perncrapcku 6poj ucTpaxxuparma ce HaBOIM Y TTOCTEAbeM
peny caxkeTka.

ETMYKA CATTTACHOCT. Pykonucy o NCTpaX1Bamu-
Ma Ha JbyAuMa Tpeba fla cafpske U3jaBy y BU/Y MUCAHOT
IpYCTaHKa UCIUTHBAHUX 0€06a y CKTafy ¢ XelICHHIIKOM
IeKIapaIjoM 1 ofo6perbe HaJJIeKHOT eTIIKOT ofi6opa
Jla ce MCTpaKMBabe MOXKe M3BECTH I JIa je OHO Y CKIIaTy C
IpaBHMM CTaHAapAMMa. ExcriepiMenTanHa CTpaXuBarmba
Ha XyMaHOM MaTepuja/y U MCIIUTYBamba BPIIeHa Ha XIBO-
THbaMa Tpeba Jia cafipke U3jaBy eTUUKOT 0f60pa yCTaHo-
Be 11 Tpeba la Cy y CarJlacCHOCTY C IIPaBHUM CTaHAapAVMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomuc ce mpu-
JaXke MOTIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH U3jallibaBajy O cBaKoM Moryhem
CykoOy MHTepeca UM BeroBOM OACYCTBY. 3a JOfjaTHe
nHpOpMaIMje 0 pa3MMINTUM BpcTaMa Cykoba nHTepe-
ca TIOCETUTHU MHTePHeT-CTpaHnIly CBETCKOT yIpYKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) Top, Ha-
31BOM ,,ITonmuTuka usjase o cykoOy uHTepeca“.

AYTOPCTBO. Cse ocobe Koje cy HaBeleHe Kao ayTOpK
paza Tpeba fa ce kBamIuUKYjy 3a ayTopcTBo. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PaIy Ha PYKOIICY
KaKo O MOrao jia IpeysMe OfTOBOPHOCT 3a IIe/IOKyTIaH
TEKCT ¥ pe3y/ITaTe MsHeceHe y pafy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MTHOM JOIIPMHOCY KOHIIETIIV!U pajia, Ko-
6ujamy pesynTaTa MM aHAIMU3U U TyMadery pe3y/nTara;
IJIaHMParby PYKOIIVCA U/ EBberOBOj KPUTUYKO]j PEBUSI)I
O]l 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA HOjelMHAYHO
3a CBaKOT KoayTopa y OKBupy obpaciia Submission Letter.
duHaHCUpame, CaKyIbabe NMoJaTaKa My reHepaaTHo
HaJIefambe MICTPaXMBauKe IPyIie CaMI 110 ce61 He MOTY
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oIpaBfiaTi ayTopcTBO. CBY APYTU KOjU Cy OTPUHENN
u3paju paja, a Koju HIUCY ayTOpM PyKOmuca, Tpebaio
6u na 6ymy HaBefeHM y 3aXBaTHUIIM C ONIMCOM IJMIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpoBepy Ha IIarujapusam/ay-
rortarujapusam mnpeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce goKake IUarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKLIMO-
HICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IpeJIOr KPaTKOT HACTIOBA Pajia, IIyHa VIMeHa U IIpesyMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpaHa OpojeBUMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjJIMa ayTOPU pajie, MeCTO 1 P>KaBy
(pemocienoM Koju ofroBapa MHAEKCHpaHUM OpojeBrMa
ayTopa); Ha JHY CTpaHMIle HAaBeCTU UMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u MMejI agpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opuruHaaam paj, IpeTXOfHO ¥ KPaTKoO
CaoIIIITelbe, IPerIe] MTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAMI[MHe U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOMIHO M KPAaTKO CAOIIITeme CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Ium paga, Metoze pana, Pe-
3yNnTaTH, 3aK/by4aK; CBAKM Off HABeJEHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Hounbe 60NIOBaHOM peylt.
Hagectn HajsaxkHUje pesynrare (HyMepryKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OMTH IUpPEKTHO IOBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHIKA CaXKeTaK Tpe-
6a ma uma cnenehe genose: YBox (y IOC/IENBbOj pedeHUIIN
HaBecTy Imb), [Ipukas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju mo4nie 60u50-
BaHOM pednt. 3a ocTajle TUIIOBE PafioBa CaykeTaK HeMa
HOCeOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/byYHUX peun v uspasa. He Tpeba ma ce moHa-
B/bajy pedy U3 HAC/IOBa, a KJbY4He pedn Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKyMeHTa IIPUIOKUTH HAaCJIOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KOjMa ayTopu pafie, MecTo 1 fip>xaBy. Ha cnenehoj -
YeTBPTOj IO pefly — CTPAHUIY JOKYMEHTA IPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a pajioBe Y KOjiMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMOBa 13 CTpaHe IUTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy MIN CUH-

TarMe 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LleJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy Ha3WBe IPHIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomuTee 06aBe3Ho Tpebda ga uMajy ciepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY TTa-
cyc YBona), Metone papa, Pesynraru, uckycnuja, 3akmy-
vak, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, OfiroBapajyhu nognacnosy, 3akbydax, JIn-
TepaTypa. [IppouMeHOBaHM ayTOp NpernefHor pajia Mopa
Ta HaBefle Oap meT ayTomnuTara (Kao ayTop MM KOayTop)
pazmoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOIMKO UX MMa, MOPajy fia HaBeny 6ap jeman
ayTOIIMTAT pajioBa TaKohe MyO6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpnkas ciydaja wam 6onecHMKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6ornecurka, [luckycuja, JIuteparypa. He Tpe6a kopucturu
uMeHa 60JIeCHIIKa, MHMIMjale, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparyjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO KOje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe ogpebena y Toxy npunpeme pajga 3a my6-
NIMKOBambe.

CKPAREHMIE. Kopuctuty camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jeIUIberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [THK, cupa, XVB,
ATTI). 3a cBaky ckpaheHUIly TyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo Hifje CTaH#apHa
jemuania mepe. He kopuctutn ckpahenniie y Hacnosy.
Vs6eraBatu kopuirheme ckpaheHnIa y caxxeTKy, ajii ako
Cy HeOIIXOffHe, CBaKy cKkpaheHMIry 06jacHNUT IpU IPBOM
HaBoDemwy y TeKCTY.

JENVIMATHI BPOJEBIL. Y TexcTy pajia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA U IPYTVIM ITPUIIO-
3MMa JeluManHe OpojeBe MUcaTy ca Ta4KoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 + 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenyMary.

JEOVUHWITE MEPA. Jly>xuHy, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paXKaBaTy y MeTPUYKIM jeAMHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (), mirap — ) Wiy BUXOBYUM JIeJIO-
BuMa. Temrmeparypy uspaxasaru y cternennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPVMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHIIKNX M 6MOXeMMjCKIX
Mepera HaBOJUTHU Y MeTPUYKOM CUCTeMy mpema Meby-
HapoOIHOM crcTeMy jemuunna (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTakK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY IIPUIO3M, OHOCHO TOTIINCY 33 HUX U JIETeHIa
(tabere, cnuke, rpadUKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VKy — MOpa M3HOCUTHU
3a OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CaOIIITEebE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, paji 3a
IPaKCy, efyKaTVBHY YWIAHAK U pafl 3a PyOpUKY ,,]e3uk Me-
puiyHe 5o 3000 peuy; pajoBY 3a OCTajle pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-pagoBu Mory TpajaTu 5-7 MuHyTa 1 6uTH Y PopMa-
Ty avi, mp4(flv). ¥ mpsoM xazipy ¢uamMa Mopa ce HaBeCTI:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO TeKapCTBO,
HACTIOB paJia, Ipe3yMeHa U MHUIIVja IMEHa U CPefEbeT
C7IoBa CBMX ayTopa paja (He ¢puama), roguHa uspage. Y
IPYTOM Kafpy Mopa OMTH YCHUM/bEH TeKCT paja y BUILY
arcTpakTa o 350 peun. Y mocnenmeM Kapy GpumMa Mory
ce HaBeCT MMeHa TeXHIIKOT 0co67ba (pexxija, CHUMATETb,
CBET/IO, TOH, QoTorpaduja i ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy dortorpadujy Kao miIycTpauujy npukasa, usjaBy
MOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofpnyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

ITPTUIO3M PATY cy tabene, cuke (¢pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) 1 BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ympuBa. Hacnos Tpeba oTkyuary usHap tabene, a
objarmema ncroy we. Taberme ce 03HaUaBajy apancKuM
6pojeBrMa mpema pegocneny HaBobhema y Texcry. Ta-
6erne npTaTH UCK/BYUNBO y mporpamy Word, Kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TaYHOT OpOja KOTTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTit, ogHocHo femty henuje. Kyuatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 Oe3 yBiaderma Tekcra. Kopuirhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3WKY, TIPYUIOXKNUTH
HasuBe Tabela U JleTeHAy Ha o0a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca iBa jesukal).

Ciuke cy cBy 00/ rpadM4Kmx OpyUIora U Kao ,,CiKe”
y CA ce 06jaBmyjy dotorpaduje, ipresxu, cxeme u rpadu-
koHM. C/MKe 03HaYaBajy ce aparcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce Ck/bydInBo
pururante ¢pororpaduje (LpHO-6eme mmm y 60ju) peso-
nyuuje HajMame 300 dpi u popmara sanca tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIET KBajuTeTa Hehe ce mprxBa-
TaTy 3a MTaMIame!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fla locTaBe guruTante pororpaduje,
OHJIa OPUTVHAJIHE CIMKe Tpeba CKeHNPATHU Y Pe3onyyjn
300 dpi M y OpUTMHATHOj BEMMYMHN. YKOIMKO je paj Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasle he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa OuTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpanuje pasa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH NTOCEOHO C/IMKY Koja Ou O¥Ia MiycTpalja BULeo-
IpyKasa y e-M37amy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOJMKO je PYKOIMC Ha CPIICKOM je3MKY, IPUIOKUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIo-
pebene o henujama. Vicre rpadukone npekonupatu u y
Word-oB oKyMeHT, Ijje ce rpadpMKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHNTH y JIeTeHU UCTION rpaduKoHa. Y MITaMIIaHoOj
Bep3Mju WIAHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IITaMIaH y 60jy, Te je 6ojbe u3beraBaty kopuinhemwe 60ja
y TpaduKOHMMA, NIV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOMNKO je PYKOIINC Ha CPIICKOM je3UKY, IPUITOXUTH
HasuBe rpaduKOHa ¥ JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTary u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofialiy Ha CXeMU KyIajy ce y donry Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUTOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBecTu cBe capajHMKe KOju CY JOIIPU-
HeJ/ CTBapamy pajia a He NCIYkaBajy MeplIa 3a ayTop-
CTBO, Ka0 LITO Ccy 0cobe Koje 06e36ebyjy TeXxHUUKY 1O-
Moh, moMoh y nvcamy paga M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEHM]ja, TOK/IOHa,
olpeMe, IeKOBa I Ipyro, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHiu je OITOBOPHOCT ay-
TOpA, a IUTUPAHN WIaHIM Tpeba fa Oyay Mako IPUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jefMHCTBEHY
HIICKY KapakTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepeniu
He 61 Tpebaino fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOojeM je J03BO/beHO Jia UX Oyze go 50, m'y
MeTaaHajus3l, Ife UX je fosBosbeHo fo 100. bpoj nuTn-
paHuX OPUTMHAIHUX pajoBa Mopa 6uTy HajMamwe 80%
oJ1 YKyIIHOT 6poja pedepeHIu, OfHOCHO 6poj uuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerIefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke 1my6mm-



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

Kallyje M WIAHIY MOTy YBPCTUTH Y pedepeHLie, ayTopu
Cy Oy>KHM a X uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT rofu-
Ha. Huje 03BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTApUCATH Pe3y/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy pajia. Pedpepeniie uranaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beHy, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby paja 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopMIcaHnM 3aXTeBMMa 3a PYKOIIVCe KOjI ce TIpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KOj je YCIIOCTaBUO
MebhyHapogHy KOMIUTET ypeJHIMKA MEANIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucre U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanyja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOr U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce IpoHahm Ha MH-
TepHeT-cTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukoM HaBobemwa nureparype
BeoMa je BaYKHO IIPUAPKaBaTHU ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHMjUX PaKTOpPa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHIX 4acOMMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caip>kut: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe y HEKOM JIPYyrOM YacoIVCy, 2) U3jaBy fa
CYy PYKOIIVC TIPOYNTAIIN ¥ OFOOPIIIN CBU ayTOPY KOjI HC-
IyHaBajy MepuIa ayTopCTBa, M 3) KOHTAKT MOjaTKe CBUX
ayropay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTi ca MHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ynotpeby miyctpanyja u objappruBame MHbOpMaLja o
HO3HATIM JbYAMMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PATY YTAHKA. JTa 6u pax 610 pasmaTpaH 3a 06jaBrbu-
Bame y yaconucy Cpiicku apxus 3a yenoKyiiHo nekapcitieo,
CBM ayTOPM KOjM CY JIeKapy My croMatonosn ns Cpouje
Mopajy 6utu yraHoBy CpIICKOT /IeKapcKoT IpymITea (y
cKkmapy ca wiaHoM 6. CraryTa [IpymTsa) u USMUPUTH
HaKHajy 3a oOpajny wiaHaka (Article Processing Charge)
y usHocy ofi, 3000 puHapa. AyTopu U KOayTOpU 13 MHO-
CTpaHCTBa Cy y 06aBe3) fIa IIaTe HaKHaay 3a obpamy
uaHaka (Article Processing Charge) y usHocy of 35 eBpa.
YmiaTa y jemHoj KaleHapCcKoj TOLMHYN 00yXBaTa I CBe
HapeJHe, €BEHTYya/He YIaHKe, T0C/IaTe Ha pasMaTpambe y

T0j ropuun. CBM ayTOpU KOjy IIaTe OBY HAKHAJY MOTY,
YKOJIMKO TO KeJle, fja IIPMMajy IITaMIIaHO U3Jatbe 4aco-
myica. Tpeba HaIOMeHYTH [ja OBa yIlIaTa Hije rapaHiuja
na he pay 6urtu npuxsahen u o6jaBmwen y Cpiickom apxu-
8y 3a yenoxyiino nexapcinieo. Obasesa mwrahamwa HakHaze
3a 06pajy WIaHKa He OFHOCH Ce Ha CTy[eHTe OCHOBHMX
CTy[Mja 11 Ha MpeTIUIATHVKE Ha YaCOIINC.

YcraHoBe (TIpaBHa /TNIIA) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa (($usIdKor mmia). Y3 pyko-
mic paga Tpe6a [OCTaBUTU KOIMje YIUIATHUIIA 32 WiaHa-
PUHY U IIPeTIVIaTy / HaKHAa/y 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUAEHLIN)Y O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji1 CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mupe HaKHay 3a 0Opafy WiaHKa
(y TaxBuM cry4ajeBuMa HOTPEOHO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBLE PYKOIIMCA. Pyxomnuc pajia u CBM IPU/IO3K Y3
Paji IOCTaBIbajy ce MCK/bYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YaCcOMMCa:
http://www.srpskiarhiv.rs

HATIOMEHA. Pap xoju He yicIlybaBa yclIoBe OBOT YIIYT-
CTBa He MOXKe 6utu yryheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoNyHe 1 ucnpase. [IpnpxaBameM yIyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca /1o 06jaB/biBaba pajia y 4acoIcy,
mTO he MO3UTMBHO yTULIATH Ha KBAaIMUTET WIaHAKa U pe-
TOBHOCT M3/Ta)Kerba JacoIINca.

3a cBe momaTHe MHPOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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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., 99Tk,
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.

CONEFLICT 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
‘figures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor 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
as references is not allowed. If it is important to comment
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