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The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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EDITORIAL / YBOOAHUK

Physicians are humans and

replaceable - the current
millennium approach

Irrelevant of the challenges we face, at the be-
ginning of each new year, we are confident it
will be a better and more successful in every
way. And it’s simply human to feel that way.
Standing on the shoulders of so many gen-
erations of healthcare workers in Serbia and
worldwide and what their experience taught
us over the past 150 years in Serbia [1, 2, 3], we
embark on this year’s adventures with nonethe-
less zeal. Since the beginning of the COVID-19
pandemic and its changing Serbia’s health sec-
tor landscape since the early 2020, each new
year brings new surprises [4, 5, 6].

First and foremost, we have to thank our
reviewers for the time invested in our journal,
despite their everyday clinical workload. These
hours of unpaid work have been taken from
their families, their loved ones and their own
sleep (Table 1). This is the third year in a row
that we try to rank them and familiarize you
with their faces, for their investment that counts
the most in the preservation of our journal. In
2022, the first place by number of reviews are
shared between Professors Ljubomir Todorovi¢
(Figure 1) and Predrag Vu¢ini¢ (Figure 2), the
second Professors Drago$ Stojanovi¢ (Figure
3) and Jelena Milasin (Figure 4) and the third,
Professors Natasa Rajkovi¢ (Figure 5) and
Nebojsa Stojanovi¢ (Figure 6).

Both our doctors and our reviewers have
shown remarkable dedication over the years,
and the COVID-19 pandemic keeps draining
them even more, as new strains of the virus
appear [4]. In sign of support, our doctors
used to receive applause each evening from the
balconies since spring 2020, both in Belgrade
and across Serbia. That standing ovation was a
worldwide phenomenon. But then, we got tired,

while they tirelessly — even when falling victims
to COVID-19 themselves - kept standing up
from their own sickbeds and kept fighting for
the lives of their patients, until they were rein-
fected again. And that is what they do today.
Not only our doctors, but our nurses and all
allied healthcare professions that our healthcare
system is based on. The merciless first wave of
the COVID-19 pandemic took lives of so many
of them in a devastating way [5, 7].

Historical sources claim doctors used to
be revered as much as Gods [8], but how and
when people substituted the admiration for ag-
gression remains to be explained by historians,
psychologist, philosophers and the unavoidable
economists. The attacks on healthcare work-
ers were already well-described long before the
COVID-19 pandemic [9, 10], and it’s making
our colleagues across the Atlantic even teach
new trainees not to carry their stethoscopes in
the traditional around-the-neck fashion, not to
facilitate a potential attack. The growing hos-
pital violence is discouraging the healthcare
sector, while the use of easily accessible social
media is enabling the voicing dissatisfaction
with the government.

The changes in the economy landscape due
to COVID-19 pandemic is influencing the de-
cision of pharmacoeconomists to further cut
costs across healthcare field, as it is known
as the notorious “big spender”. Understaffing
across all spectrums of jobs in healthcare has
become the “new normal”, where emergency
departments (EDs) replace their doctors with
nonphysician practitioners. Nevertheless,
it physiologically creates the chain reaction
that, for instance, creates “frequent fliers” —
term already used for frequently hospitalized
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Figure 1. Professor Ljubomir Todorovi¢ (Uni-
versity of Belgrade, School of Dental Medi-
cine, Belgrade, Serbia)

Figure 2. Professor Predrag Vucini¢ (Univer-
sity of Novi Sad, Faculty of Medicine, Depart-
ment of Dentistry, Novi Sad, Serbia)

Figure 3. Professor Dragos Stojanovi¢ (Uni-
versity of Belgrade, Faculty of Medicine,
University Clinical Centre Zemun, Belgrade,
Serbia)

Figure 4. Professor Jelena Milasin (Univer-
sity of Belgrade, School of Dental Medicine,
Department of Human Genetics, Belgrade,
Serbia)

end-stage heart failure patients necessitating repeated
hospitalizations and imaging, thus increasing the costs in
these very same EDs [11]. Even if we ignore the cost of
this futile imaging, it is yet to be determined whether em-
ployment of nonphysician practitioner instead of medical
doctors generates these requests for imaging, while the
greater concern has to be for the patients and the radiation
burden they increase, potentially aggravating their own
long-term health.

The ongoing COVID-19 pandemic might mimic the
turmoil the generations of our ancestors lived during the
World War I and World War II, but, if so, when did we start
to leave our sick and wounded on the battle field instead
of carry them to safety and give them the time they need
to heal and recover? In a society that promotes alienation,
superficial virtual contact and borderline minimal edu-
cation, where the children of today mandate how to be
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165. Pavicevic Polina 215. Savi¢ Aleksandar 265. Vacic¢ Zoran

166. Pavlovi¢ Milorad 216. Savi¢ Dorde 266. Vapa Dusan

167. Pavlovi¢ Zorana 217. Savic¢ Slobodan 267. Velicki Lazar

168. Peco Anti¢ Amira 218. Sekuli¢ Ana 268. Vlatkovic Vlastimir

169. Pejovi¢ Milovancevi¢ Milica 219. Sengul llker 269. Vojvodi¢ Nikola

170. Peki¢ Burdevic¢ Sandra 220. Sgourida Maria 270. Voll Reinhard

171. Peri¢ Stojan 221. Siller Matula Jolanta 271. Vucini¢ Nikola

172. Petronic¢ Ivana 222. Simi¢ Tatjana 272.Vucinic¢ Predrag

173. Petronijevi¢ Milan 223. Sindi¢ Antunovi¢ Sanja 273. Vucinic¢ Violeta

174. Petrovi¢ Aleksandra 224. Spiroski Igor 274. Vujkov Sanja

175. Petrovi¢ Bojan 225. Srdi¢ Gali¢ Biljana 275. Vukomanovi¢ Burdevic Biserka
176. Petrovi¢ Ljubomir 226. Sreckovic¢ Suncica 276. Vulicevi¢ Zoran

177. Petrovi¢ Milan 227. Staletovi¢ Danijela 277. Yue Shiye

178. Pili¢ Igor 228. Stamenkovi¢ Bojana 278. Zlatkovi¢ Svenda Mirjana
179. Plaseska Karanfilska Dijana 229. Stamenkovi¢ Dragoslav 279. Zveki¢ Svorcan Jelena
180. Plavsi¢ Aleksandra 230. Stamenkovi¢ Miroslav 280. Zarkovi¢ Milo3

281. Zivanéevi¢ Simonovi¢ Snezana

231. Stamenkovic¢ Zeljka
232. Stankovi¢ Nebojsa

181. Plesinac Karapandzi¢ Vesna

182. Polovina SneZana 282. Zivkovi¢ Vesna
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SUMMARY

Introduction/Objective At the end of 2021, Omicron wave (B.1.1.529) SARS-CoV-2 variant superseded
the Delta variant (B.1.617). The main goal of the research is to provide a detailed and comprehensive
presentation of data related to people infected with the coronavirus in Montenegro. The specific goal
of the research is to determine whether virus mutations influenced the course of the epidemic during
its two-year duration.

Methods This is a retrospective study. We used data from the Institute of Public Health of Montenegro.
Our sample consisted of 127,134 people who tested positive for Delta or Omicron infection aged 0-100
years, who had a positive PCR test for COVID-19 between August 17,2021 and April 17, 2022.

Results The respondents aged 40-49 years were taken as a reference group for age. The results showed
that the age group from 20 to 29 years old was affected 1.03 times more than the reference group - per-
sons belonging to the age group of 30-39 years were affected 1.07 times more than the reference group.
The Central region was taken as the reference group for the region. The results showed that people who
live in southern region got sick 1.14 times more often and people who live in northern region got sick
1.20 times less than people from the central region.

Conclusion The biggest predictor that a person would get sick is the age group. Also, the predictor is
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the region, and in our research, it was southern region.
Keywords: COVID-19; SARS-CoV-2; age; Delta and Omicron strain; Montenegro

INTRODUCTION

At the end of 2020 the Delta variant (B.1.617.2)
was discovered in India for the first time. In
June 2021, the World Health Organization
stated that the Delta would become the most
prevalent strain in the world [1]. The SARS-
CoV-2 Delta VOC is 40-60% more transmis-
sible than the Alpha (B.1.1.7) [2].

The World Health Organization marked
the variant B.1.1.529, commonly known as
Omicron, on November 26, 2021 as variant of
interest. The Omicron variant is the most diver-
gent strain seen in significant numbers so far
during the pandemic, raising concerns that it
may be linked to greater transmissibility, lower
vaccine efficiency, and an increased risk of rein-
fection. The Omicron SARS-CoV-2 variation is
more transmissible than the Delta variant [3].

The World Health Organization also re-
ported that the Omicron variant has a growth
advantage with a doubling time of 2-3 days
compared with the Delta variant, which may
provide evidence that transmission capac-
ity of the Omicron variant was stronger than
Delta [4]. According to the available evidence,
the incubation period is shorter for Omicron
variant [5].

METHODS

We used data from the Institute of Public
Health of Montenegro from the beginning
of pandemic until April 17, 2022. Our sam-
ple consisted of 127,134 persons who tested
positive for Delta or Omicron infection aged
0-100 years who had a positive PCR test for
COVID-19 between August 17 and April 17
2022. Period of Delta variant was August 17 un-
til December 21, 2021 and period for Omicron
variant was December 22, 2021 until April
17, 2022. In accordance with the Emergency
Care Data Set and World Health Organization
protocols, a genome sequencing method was
performed on samples that were suspicious for
the presence of the Delta and Omicron variant,
which confirmed the presence of each strain.
In relation to the share of positive cases in the
number of tested persons, an approximation
was made of share of strains. Observation peri-
od was between August 17, and April 17, 2022.

In this paper, we used the x* test of inde-
pendence and logistic regression. The x* test
of independence provides information not only
on the significance of observed differences, but
also on detailed information on exactly which
categories account for any differences found.
Logistic regression was conducted to assess the
impact of multiple factors on the likelihood of
contracting COVID-19. The model contains
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three independent categorical variables sex, region, and
age. The whole model with all predictors was statistically
significant p < 0.00. A given set of variables explains 12—
17% of the variance. The model correctly classifies 58.7%
of all cases. Montenegro is divided into three regions:
southern, central, and northern region. For purpose of
this paper, we have chosen the central region as reference
region. Also, the age group from 40 to 49 years was used
as the reference age for the purposes of the paper.

The objective of the research is to determine, on the ba-
sis of the available data, how the epidemic in Montenegro
moved in relation to virus mutations. In addition, specific
goal is to determine how the epidemic moved in relation
to Delta and Omicron mutations, which are disease rates
in the population with special emphasis on age.

All data are properly named and paper represents
analysis of datasets. We had approval from the Institute
of Public Health of Montenegro to use the database. Also,
corresponding author is a member of the Database team
in Institute of Public Health of Montenegro. Thus, the re-
search has been done in accord with the ethical standards
of the institution.

RESULTS

During the period in which the Delta strain was domi-
nant, a total of 373,813 cases were tested in Montenegro,
with 54,402 new cases and 14.55% share of positive tests.
In the period when the Omicron strain was dominant,
the number of new cases was 72,732 (25.56%) out of total
284,540 tested (Table 1).

Table 1. Distribution of new cases, number of tested and percentage
of positive cases in tested for the Delta/Omicron period

Period New cases Tested %
Delta 54,402 373,813 14.55
Omicron 72,732 284,540 25.56

As shown in Tables 2 and 3, the highest number of new
cases was found in the age category 30-39 in Delta strain
9746 (17.91%) as well as in Omicron strain 14,931 (20.53%).

As presented in Table 4, the x* test of indepen-
dence showed a link between sex and the incidence of
Delta strain and Omicron strain. Men were statistically

Table 2. Distribution of new cases in relation to age and sex — Delta

Age Male % Female % Total %

0-9 1250 4.98 1193 4.07 2443 4.49
10-19 3258 12.99 3286 11.21 6544 12.03
20-29 3296 13.14 | 3867 13.19 | 7163 13.17
30-39 4336 17.29 5410 18.45 9746 17.91
40-49 4033 16.08 | 5009 17.08 | 9042 16.62
50-59 3355 13.38 | 4030 13.74 | 7385 13.57
60-69 3059 12.20 3450 11.77 6509 11.96
70-79 1693 6.75 2023 6.90 3716 6.83
80-89 641 2.56 893 3.05 1534 2.82
90+ 158 0.63 162 0.55 320 0.59
Total 25,079 | 100% | 29,323 | 100% | 54,402 | 100%
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Table 3. Distribution of new cases in relation to age and sex — Omicron

Age Male % Female % Total %
0-9 1515 4.58 1248 3.15 2763 3.80%
10-19 2369 7.7 2427 6.12 4796 6.59%
20-29 4726 14.3 5791 14.6 10,517 | 14.46%
30-39 6629 20.05 8302 20.93 | 14,931 | 20.53%
40-49 5708 17.27 7135 17.98 | 12,843 | 17.66%
50-59 4594 13.9 5823 1468 | 10417 | 14.32%
60-69 4261 12.89 4973 12.53 9234 | 12.70%
70-79 2193 6.63 2545 6.41 4738 | 6.51%
80-89 814 246 1126 2.84 1940 2.67%
90+ 251 0.76 305 0.77 556 0.76%
Total 33,060 100 | 39,675 100 | 72,735 100

Table 4. Characteristics of the Delta cohort and Omicron cohort among
male and female patients; sex has been associated with both infec-
tion risk and severe outcomes of SARS-CoV-2 infections; men were
statistically significantly more affected by the Delta strain, and women
statistically significantly more by the Omicron strain with a very small
influence of sex on getting sick from Delta and Omicron strains

Sex Delta Omicron Total

Male 25,209 (46.14%) | 33,235 (45.47%) | 58,444 (45.76%)
Female | 29,426 (53.86%) | 39,856 (54.53%) | 69,282 (54.24%)
Total 54,635 (42.77%) | 73,091 (57.23%) 127,726 (100%)

p=0.01,p <0.05

Table 5. Characteristics of the Delta cohort and Omicron cohort among
south, central and north region; the northern region was statistically
significantly more affected by Delta strain compared to the central
and southern regions, while the southern region was statistically sig-
nificantly more affected by Omicron strain compared to the central
and northern regions, with a very large influence of the region on the
incidence of Delta and Omicron strains

Region Delta Omicron Total

South 14,486 (26.71%) | 22,123 (30.26%) | 36,609 (28.76%)
Central 29,338 (54.11%) | 39,345 (53.84%) | 68,683 (53.95%)
North 10,395 (19.18%) | 11,623 (15.90%) | 22,018 (17.29%)
Total 54,219 (42.59%) | 73,091 (57.41%) | 127,310 (100%)

p=0.01,p <0.05

significantly more affected by the Delta strain, and wom-
en statistically significantly more by the Omicron strain,
C? (n=127,726) = 0.07, p = 0.01 p < 005; fi = 0.07 with a
very small influence of sex on getting sick from Delta and
Omicron strains.

Table 5 presents an analysis of the association of disease
by Delta and Omicron strains by region in Montenegro.
The ¥ test of independence determined relation between
regions and incidence of Delta and Omicron strains. The
northern region was statistically significantly more affected
by Delta strain compared to the central and southern re-
gions, while the southern region was statistically signifi-
cantly more affected by Omicron strain compared to the
central and northern regions, with a very large influence of
the region on the incidence of Delta and Omicron strains
C? (n=127,726) = 0.51;p = 0.00 p < 0.05, fi = 0.51 (Table 5).

Relation between the age groups and incidence of Delta
and Omicron strains was also determined by the x* test
of independence. The age group from 20 to 29 years was
statistically significantly more affected by the Delta strain
compared to the other age groups, while the age group
from 30 to 39 years was statistically significantly more

www.srpskiarhiv.rs ‘



Table 6. Characteristics of the Delta cohort and Omicron cohort among
age groups; the age group from 20 to 29 years was statistically signifi-
cantly more affected by the Delta strain compared to other age groups,
while the age group from 30 to 39 years was statistically significantly
more affected by the Omicron strain, with a very small influence of sex
on the incidence of Delta and Omicron strains Distribution of strains

by age

Age Delta Omicron Total

0-9 2437 (4.47%) 2777 (3.82%) 5214 (4.09%)
10-19 6580 (12.08%) 4829 (6.64%) 11,409 (8.97%)
20-29 7228 (13.27%) 10,588 (14.55%) 17,816 (14%)
30-39 9795 (17.98%) 14,992 (20.61%) | 24,787 (19.49%)
40-49 9062 (16.63%) | 12,971(17.82%) | 21,975 (17.28%)
50-59 7405 (13.6%) 10,464 (14.37%) | 17,869 (14.04%)
60-69 6546 (12.01%) 9263 (12.73%) 15,809 (12.44%)
70-79 3721 (6.83%) 4751 (6.52%) 8472 (6.66%)
80-89 1542 (2.83%) 1943 (2.67%) 3485 (2.74%)
90+ 167 (0.3%) 200 (0.27%) 367 (0.29%)
Total 54,483 (42.83%) | 72,724 (57.17%) | 127,203 (100%)

p=0.01,p <0.05

affected by the Omicron strain, with a very small influ-
ence of sex on the incidence of Delta and Omicron strains
C?(n=127,726) =0.10; p = 0.00 p < 0.05 f = 0.10 (Table 6).

As a reference group for age, the age of respondents

from 40 to 49 years was taken. The results showed that:

- people belonging to the age group from 0 to 9 years
old got sick 1.25 times less compared to the reference
group,

- people between the ages of 10 and 19 were 1.94 times
less likely to get sick compared to the reference group,

- persons belonging to the age group from 20 to 29
years old got sick 1.03 times more than the reference
group,

- people who belong to the age group of 30 to 39 years
got sick 1.07 times more than the reference group,

- persons belonging to the age group of 60 to 69 years
got sick 1.09 times less compared to the reference

group,

Table 7. Logistic regression models parameters of set of predictor variables for CO-
VID-19; only two independent variables made a unique statistically significant contribu-
tion to the model (age and region); sex did not contribute significantly to the model

Grbovic¢ E. et al.

— persons belonging to the age group of 70 to 79 years
got sick 1.10 times less compared to the reference
group.

The Central region was taken as the reference group for
the region. The results showed that people who belong to
the southern region got sick 1.14 times more often than
people who belong to the reference group, i.e., the central
region and people who belong to the northern region got
sick 1.20 times less than people who belong to the reference
group, i.e., central region.

Only two independent variables made a unique sta-
tistically significant contribution to the model (age and
region). Sex did not contribute significantly to the model
(Table 7).

DISCUSION

In a study with 55,269 cases of COVID-19 in Sweden, the
results of the logistic regression analysis indicated that
the risk of severe disease remained high among unvac-
cinated, first-time infected patients of both sexes during
the Omicron period in the age group 65+, as well as among
men in the age group 40-64 years with two or more comor-
bidities [6]. Our research has shown that women were sta-
tistically significantly more affected by the Omicron strain.
In retrospective cohort study in England, with laborato-
ry-confirmed SARS-CoV-2 infection conducted between
November and January 2022, showed that the adjusted
hazard ratio estimates varied with age for all endpoints
examined. The adjusted hazard ratio for hospital admission
was 1.10 in those younger than 10 years, decreasing to 0.25
in 60-69-year-olds, and then increasing to 0.47 in those
aged at least 80 years. From December 15, 2021 to January
17,2022 outpatient-diagnosed cases with Omicron variant
infection (n = 222,688) were concentrated among adults
aged 20-39years and had lower odds of being either very
young or very old in comparison to contemporaneously
identified individuals with Delta variant
infection (n = 23,305). From February 3 to
March 17, 2022, among individuals tested as

outpatients, BA.2 Omicron sub variant cases

Category | Bualue | %Y | wald test | Ge9rees of | NIt | exp(8) | (n = 1,905) did not differ from BA.1* sub
Sex (1) 0009 | 0011 | 0636 1 0425 | 1009 | Vvariant cases (n=12,756) in demographic
40-49 1221.867 9 0.000 or clinical attributes, with the exception
0-9 0223 | 0031 51.634 1 0.000 0.800 that BA.1* detection was more concentrat-
10-19 0663 | 0023 | 798.024 1 0000 | 0515 ed among individuals aged 20-49 years than
20-29 0028 | 0021 | 1859 1 0173 | 1.028 BA.2, which was comparatively more com-
30-39 0.066 0.019 12.236 1 0.000 1.069 mon among both children and older adults
50-59 -0.001 | 0.021 0.004 1 0.947 0.999 [7]. Individual-level data on laboratory-con-
60-69 0.009 | 0.021 0.160 1 0.689 1.009 tirmed COVID-19 cases resident in England
70-79 -0.088 | 0026 | 11547 1 0.001 0.916 between November 29, 2021, and January 9,
80-89 -0.101 | 0.037 7431 1 0.006 0.904 2022, has shown that risk of severe outcomes
90+ -0.165 | 0.106 | 20413 1 0.120 0.848 is substantially lower for Omicron than for
Central region 330.840 2 0.000 Delta, with higher reductions for more se-
Southregion | 0.133 | 0.013 | 100.909 1 0.000 1.143 vere endpoints and significant variation with
North region | -0.182 | 0.016 134.295 1 0.000 0.833 age [8]. Retrospective chart reviews with 13
Constant 0.347 0.016 470.842 1 0.000 1.415 adult emergency departments in academic

Exp (B) - odds ratio
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hospitals in Paris area from November 29,
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2021 to January 10, 2022 showed that the median age of
analyzed population was 58 years and 49% were women.
The proportion of Omicron increased from 1.3% in the
first week of inclusion to 86% in the last week. Compared
to the Delta variant, patients infected with Omicron were
younger and more often female [9]. The observational
cohort study in Denmark, with RT-PCR-confirmed cases
of SARS-CoV-2 from November 21 and December 19,
2021 has shown significantly lower risk of hospitalization
with Omicron infection compared with Delta infection
among both vaccinated and unvaccinated individuals,
suggesting an inherent reduced severity of Omicron [10].
In the general population infection, the rates are similar
between males and females. In previous pandemics, male
sex has been associated with worse clinical outcomes [11]
In Montenegro, the age group from 20 to 29 years was
statistically significantly more affected by the Delta strain
compared to other age groups, while the age group from
30 to 39 years was statistically significantly more affected
by the Omicron strain, with a very small impact of sex on
the incidence of Delta and Omicron strains.

CONCLUSION

During the Delta strain period, the largest number of new
cases was in the age category of 40 to 49 years for both
sexes, followed by 30 to 39 years of age. In the period of
the Omicron strain, the situation is similar, and the largest
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to the central and northern regions, with a very large in-
fluence of the region on the incidence of the Delta and
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strain compared to other age groups, while the age group
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affected by the Omicron strain, with a very small influence
of sex on the incidence of Delta and Omicron strains. The
biggest predictor that a person will get sick is the age group.
Research showed that related to reference group (40 to 49)
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Additionally, the predictor is region, and in our research,
it was southern region.
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Nopehere cnyyajeBa 3apase cojeBUMa Aenta M OMUMKPOH Koeuga 19 y LipHoj fopu
EHa Mp6oBuh', Virop fanuh', MeHcyn Mp6oBuh?, JacmmHa Mauram?

"MHcTuTyT 32 jaBHO 3gpaBsbe LipHe lope, Moaropuua, LipHa lopa;

“TpuBaTHa 30paBCTBEHa yCTaHOBa ,Balue 3ppaBsbe’, Moaropuua, LipHa fopa;

3CeKpeTapujaT 3a 3aLUTUTY KMBOTHe cpeauHe, beorpag, Cpbuja

CAMXETAK

YBog/Lumb Kpajem 2021. BapujaHTa Tanaca oMUKPOH (B.1.1.529)
SARS-CoV-2 3ameHwna je BapujaHTy genta (B.1.617).

OCHOBHY Lb NCTPaXKMBakba je Aa Npyu fetasbaH U cBeobyx-
BaTaH NpuKas nofataka Koju ce OAHOCE Ha 0CObe 3apakeHe
BUpPYCOM KopoHa Yy LipHoj fopu. CneunpuuHmn umsb NCTpaxi-
Batba je fja ce YTBPAM Aa M Cy MyTaLmje BUpYyca yTuLane Ha ToK
envaemMuje TOKOM HeHOT ABOTOAMLUHET TPajakba.

Metope OBo je peTpocneKkTuBHa cTyamja. Kopmctunm cmo no-
fatke ViHcTnTyTa 3a jaBHO 3apassbe LipHe [ope. Haw y3opak ce
cacTojao of, 127.134 ocobe ctapocTti og 0 ao 100 roguHa Koje
cy 6une No3uTMBHE Ha AenTa Ui OMUKPOH MHEKLUjy 1 Koje
cy nmane nosutmeaH PCR Tect Ha KoBug 19 namehy 17. aBrycta
2021.n 17. anpwuna 2022.

DOI: https://doi.org/10.2298/SARH220915011G

PesynTtatm Kao pedepeHTHy rpyny 3a y3pacT y3etu cy ncnu-
TaHuum ctapocTu o 40 go 49 roguHa. Pesyntaty cy nokasanu
Ja je ctapocHa rpyna op 20 go 29 roguHa obonena 1,03 nyTa
BULLE of pedepeHTHe rpyne — ocobe Koje Npunagajy ctapo-
cHoj rpynu of 30 go 39 roguHa obonene cy 1,07 nyTa BuLle of,
pedepeHTHe rpyne. LieHTpanHm pervoH je y3et Kao pedepeHT-
Ha rpyna 3a pervoH. Pesynrtatu cy nokasanu fja cy jbyam Koju
XUBe Y jy»KHOM pervnoHy obonesanu 1,14 nyTa yewhe, a /byau
KOjI XMBe y ceBePHOM pervoHy 1,20 myTa Mare HEro jbyam n3
LieHTpaJIHOr permoHa.

3akspyuak Hajsehun npepnkTop aa he ce yoBek pasbonety je
CTapocHa rpyna. Takohe, NpeauKTop je pervoH, a y Halem UcTpa-
XKVBakbY jy>KHU PervioH.

Krbyune peun: kosug 19; SARS-CoV-2; ctapocT; cojeBu genta
1 oMrKpoH; LipHa lopa
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SUMMARY

Introduction/Objective STAT3 (signal transducers and activators of transcription) is involved in differ-
ent physiological processes, including cell proliferation and survival. High expression of this protein is
observed in various types of cancer.

This study aimed to investigate the gene and protein expression of STAT3 in a series of odontogenic cysts
and tumors to provide more information about their biological profile.

Methods The STAT3 gene expression at mRNA was quantified by real-time quantitative polymerase
chain reaction (RT-gPCR) in 23 odontogenic keratocysts (OKCs) and seven ameloblastomas (AMs), and
compared to the non-neoplastic oral mucosa. We also assessed the expression of STAT3 gene at protein
levels, using immunohistochemistry, in 43 OKCs and 47 AMs.

Results STAT3 transcripts were found in 96.6% of the tumors studied; however, the gene was downregu-
lated in OKC and AM compared to the non-neoplastic oral mucosa. The STAT3 gene expression at mRNA
level was higher in sporadic OKC than in syndromic OKC (p = 0.04). There was no difference in STAT3
gene expression at mRNA level between OKCs and AMs (p = 0.88). Immunostaining of STAT3 revealed
no significant difference between sporadic and syndrome OKC (p > 0.05), nor between conventional and
unicystic AMs (p > 0.05). Ameloblastomas exhibited significantly higher STAT3 immunostaining than OKCs
(p =0.03). In OKC and AM, STAT3 immunostaining was predominantly cytoplasmic and no difference in
the cellular localization of STAT3 was observed between these lesions (p = 0.58).

Conclusion Our findings showed low expression of STAT3 gene in OKCs and AMs in relation to non-
neoplastic oral mucosa. However, higher STAT3 immunostaining was observed in AMs compared to OKCs.
Keywords: odontogenic cysts; ameloblastoma; STAT3 transcription factor; gene expression; immuno-

histochemistry

INTRODUCTION

Odontogenic keratocysts (OKCs) and amelo-
blastomas (AM) are benign heterogeneous le-
sions of the jaws that arise from disturbances in
tooth formation and are characterized by locally
aggressive growth and recurrent rates [1]. The
fifth edition of the World Health Organization
(WHO) Classification of Head and Neck
Tumours has considered the advanced molecu-
lar investigation, a fact that may cause a clinical
impact [2]. As observed during odontogenesis,
the development of the two lesions is related to
the interaction between the odontogenic epithe-
lium and ectomesenchyme. This process is me-
diated by signaling pathways forming a complex
network [3]. One such pathway is the STAT3
signaling pathway, that has been suggested to
be involved in the pathogenesis, progression,
and recurrence of odontogenic tumors [4, 5].
STATS3 acts as signal transducers and tran-
scription activators that play key physiologi-
cal roles, including proliferation, survival,

differentiation, and apoptosis [6, 7]. In addition
to its participation in developing tooth germs
and their disorders, the STAT3 signaling path-
way is hyperactivated in most human cancers
[8, 9]. It is generally associated with poor clini-
cal prognosis [10, 11].

The STAT3 pathway has been the focus of
studies on head and neck tumors. An in vitro
study concluded that STAT3 is involved in the
motility, metastasis, and progression of oral
squamous cell carcinoma [12]. Recently, it has
been suggested that the phosphorylation of
STAT3 by IL-22 is essential for the increased
invasion capacity of oral squamous cell car-
cinoma cell lines [13]. Furthermore, STAT3
activation is associated with the regulation of
immunomodulatory proteins in head and neck
tumors, and may therefore be a promising tar-
get for therapeutic intervention [12, 13].

Few studies have investigated the expression
of STAT?3 in odontogenic cysts and tumors [4,
5]. STAT3 and other related pathways partici-
pate in the epithelial-mesenchymal transition
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of AM via IL-6 and the acquisition of epithelial stem cell-
like properties by this tumor [5]. However, it was not found
STAT3 immunostaining in OKCs, only during their malig-
nant transformation to primary intraosseous squamous cell
carcinoma [4]. Therefore, the present study aimed to evalu-
ate the STAT3 gene expression (mRNA and protein) in a
series of odontogenic cysts and tumors, including sporadic
OKC, OKC associated with nevoid basal cell carcinoma
syndrome (NBCCS), conventional AM, and unicystic AM,
to provide more information about the biological profile
of this group of lesions.

METHODS

All procedures performed in studies involving human par-
ticipants have been in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study
has been approved by the Ethics Committee of the School
of Dentistry, Federal University of Bahia, Salvador, Bahia,
Brazil (Protocol N°© 646.051). After approval, 47 cases of
AM (30 conventional and 17 unicystic) and 43 cases of
OKC (35 sporadic and eight associated with NBCCS)
were obtained from the archives of the Surgical Pathology
Service of the School of Dentistry, Federal University of
Bahia, and University of Sdo Paulo. The histopathological
diagnosis was based on the World Health Organization
Classification [2].

The samples were submitted to immunohistochemistry
using STAT3 antibody. The odontogenic cysts and tumors
selected comprised cases collected between 2002 and 2014.
Thirty samples including seven AMs (five conventional and
two unicystic) and 23 OKCs (14 sporadic and nine associat-
ed with NBCCS) were selected for gene expression analysis.
Three samples corresponding to non-neoplastic oral mucosa
from healthy individuals undergoing surgical excision of
third molars, for orthodontic reasons, were included.

The samples were collected between 2005 and 2013 and
stored in RNAlater solution (Ambiom®) at -80°C until the
experiments were performed.

RNA extraction and reverse transcription

Total RNA was extracted from 25-30 mg of frozen OKCs
and AMs according to manufacturer specifications
(RNeasy Mini Kit, Qiagen, Hilden, Germany). Genomic
DNA was eliminated with DNase I (DNase I Amplification
Grade Kit, Invitrogen, Carlsbad, CA, USA). RNA purity
was evaluated by spectrophotometry (NanoDrop, Thermo
Scientific, Wilmington, DE, USA) and values of 1.9-2.05
(A260/280) were considered satisfactory. The quantity of
total RNA was determined by fluorimetry (QuBit™, Life
Technologies, Camarillo, CA, EUA). The integrity of total
RNA was confirmed by agarose gel electrophoresis (con-
taining 1% formaldehyde). The cDNA was synthesized
from 2 pg total RNA using oligo (dT) primers and the
SuperScript II Reverse Transcriptase Kit (Invitrogen) in
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a reaction volume of 20 pL according to the protocol of
the manufacturer. The reaction mixtures were incubated
at 42°C for 2 minutes, followed by 65°C for 50 minutes,
42°C for 55 minutes, 70°C for 15 minutes, 37°C for 20
minutes, and 4°C for 5 minutes. The efficiency of reverse
transcription was evaluated by amplifying the GAPDH and
B2M reference genes.

Real-time quantitative polymerase chain reaction
(RT-qPCR) and analysis of gene expression

The RT-qPCR assays were carried out in duplicate using
inventoried TagMan Gene Expression Assays™ for the
STAT3 gene (Hs00374280_m1), as well as for the GAPDH
(Hs02758991_gl) and B2M (Hs00984230_m1) reference
genes. The reactions were run on the ViiA™ 7 Real-Time
PCR System (Applied Biosystems™, Foster City, CA, USA)
using 96-well plates, in a total volume of 20 pL. Each well
contained 2.5 ng/pL cDNA of the sample (8 uL), 1 uL
of the assay, 10 uL TagMan PCR Master Mix (Applied
Biosystems™), and 5 uL. RNAse-free water. The amplifi-
cation program consisted of an initial cycle at 50°C for 2
minutes and 95°C for 10 minutes, followed by 40 cycles of
95°C for 15 seconds and 60°C for 1 minute. The calibrator
sample (control) of the reactions consisted of a pool of
samples of non-neoplastic oral mucosa. After the ampli-
fication runs and dissociation, the relative quantification
(RQ) values were calculated using the Expression Suite
v.1.0.3 (Applied Biosystems™).

Immunohistochemistry

For immunohistochemistry, 4-um paraffin-embedded
tissue sections were deparaffinized and rehydrated using
routine methods. The STAT3 antigen epitopes were ex-
posed by immersing the sections in citrate buffer, pH 6.0, in
moist heat for 45 min, followed by the blockade of endog-
enous peroxidase (Peroxidase Blocking Solution™, Dako
Corporation, Carpinteria, CA, USA) for 10 minutes pro-
tected from light and of tissue proteins (Protein Blocking
Solution™, Dako Corporation) for 10 minutes. The sections
were incubated with the primary STAT3 antibody (clone
F-2, Santa Cruz Biotechnology, Santa Cruz, CA, USA), di-
luted at 1:100, overnight at 4°C. Next, the HRP Link and
HRP Enzyme reagents (Advance™, Dako Corporation) were
applied to the histological sections for 20 minutes each. The
reactions were developed with 3,3-diaminobenzidine (Dako
Corporation) for 5 minutes in a dark chamber, and the
slides were counterstained with Harris hematoxylin. Lung
squamous cell carcinoma sections were used as a positive
control of the reactions. Phosphate-buffered saline was used
as negative control in all reactions.

Immunohistochemical analysis

A previously trained examiner performed the immunohis-
tochemical analysis under a light microscope coupled to a
digital camera system (Axiocam ICC3; Zeiss, Gottingen,

Germany, 2008) using the Axio Vision 4.8 software (Zeiss).
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Brown-stained cells were defined as immunopositive and
the intensity of staining was classified as follows: 0 = no
staining, 1 = mild staining, 2 = moderate staining, and
3 = intense staining. The proportion of positive cells was
scored 0-3, where 0 = up to 5% of positive cells, 1 = 6-25%
of positive cells, 2 = 26-75% of positive cells, and 3 = > 75%
of positive cells. Multiplication of the intensity score (0-3)
by the proportion of stained cells (0 to > 75%) resulted in
the following final scores: when the product of the two
scores was 0, the case was classified as negative; when the
product of the two scores ranged 1-3, the case was clas-
sified as low immunohistochemical expression; when the
product was > 4, the case was classified as high immuno-
histochemical expression [14]. The distribution of proteins
was evaluated particularly in the basal, intermediate, and
superficial layers of sporadic and syndromic (NBCCS)
OKGCs, as well as in the tumor islands, cystic epithelial
lining, and areas of squamous metaplasia of AMs.

Statistical analysis

The sample data did not show a normal distribution ac-
cording to the Gauss curve. Differences between groups
were evaluated using the Mann-Whitney and Fisher’s
exact tests. All statistical calculations and graphics were
performed with the GraphPad Prism 5.01 program (San
Diego, CA, USA). A p value < 0.05 was considered statisti-
cally significant.

RESULTS

Gene expression profile of STAT3 in odontogenic
keratocyst and ameloblastoma

Expression of the STAT3 gene was found in 29 (96.66%) of
the 30 odontogenic cysts and tumors studied. STAT3 tran-
scripts were detected in all cases of OKC, with RQ values
ranging 0.095-19.39 (median = 0.402, SD = 1.807). This
gene was downregulated compared to the non-neoplastic
oral mucosa (control) (Figure 1). It should be noted that
the RQ values deviated from the values of the other sam-
ples in two OKC cases (9.021 and 19.394). These cases were
sporadic/recurrent OKCs. Sporadic/recurrent OKCs ex-
hibited higher RQ values than syndromic OKCs (p = 0.04;
Mann-Whitney test) (Figure 2). In AMs, no STAT3 tran-
scripts were detected in one case, with RQ values rang-
ing 0-1.315 (median = 0.325, SD = 1.975). The gene was
downregulated compared to the to the non-neoplastic
oral mucosa (control) (Figure 1). No difference in STAT3
gene expression was observed between OKCs and AMs
(p = 0.88; Mann-Whitney test; Figure 3).

STAT3 protein in odontogenic keratocyst and
ameloblastoma

We evaluated STAT3 immunostaining in 90 odontogenic
tumors, including 43 OKCs and 47 AMs. The distribution
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Figure 1. Relative expression (Log2) of the STAT3 mRNA in odonto-
genic keratocysts (OKC) and ameloblastomas (AM) compared to the
calibrator (control) sample
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Figure 2. Comparison of STAT3 mRNA relative quantification (RQ) be-
tween sporadic odontogenic keratocysts (OKC) and syndromic OKCs
by Mann-Whitney test
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Figure 3. Comparison of STAT3 mRNA relative quantification (RQ) be-
tween odontogenic keratocysts (OKC) and ameloblastomas (AM) by
Mann-Whitney test

of scores for the proportion of stained cells and staining
intensity, the product of scores, and staining pattern are
summarized in Table 1.

Immunostaining in OKC was evident mainly in the basal
and intermediate layers of the epithelium lining the fibrous
cystic wall (Figure 4a). There was no significant difference
in the proportion of positive cells, staining intensity, or final
STAT3 score between sporadic OKCs and OKCs associated
with NBCCS (p > 0.05; Fisher’s exact test). Similarly, no dif-
ference was observed in nuclear staining of STAT3 between
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Table 1. Distribution of scores regarding STAT3 in odontogenic kera-
tocysts and ameloblastomas

Criteria Sporadic | Syndromic | Conventional | Unicystic
D — OKC OKC AM AM
(n=35) (n=8) (n=30) (n=17)
Stained cells
Score 0 13 1 3 7
Score 1 10 2 8 3
Score 2 4 5 5 2
Score 3 8 0 14 5
Intensity
Absent 13 1 3 7
Mild 10 6 9 4
Moderate 7 1 7 4
Intense 5 0 1 2
Product of scores
Negative 13 1 3 7
Low expression 13 6 12
High expression 9 1 15 6
Cell staining
Absent 13 1 3 7
Only cytoplasmic 13 4 17 7
Qopmieand | 5 | 3 | w0 | o
Only nuclear 0 0 0 1

OKC - odontogenic keratocysts; AM — ameloblastomas

Figure 4. STAT3 immunostaining; (a) cytoplasmic staining in cells of
the intermediate layer of the cystic epithelial lining in odontogenic
keratocysts; (b) predominantly cytoplasmic and possible nuclear stain-
ing in central and peripheral areas of tumor islands in conventional
ameloblastoma; (c) immunostained area of squamous metaplasia in
conventional ameloblastoma; (d) cytoplasmic staining in all layers of
the cystic lining of unicystic ameloblastoma

sporadic and syndromic OKCs (p = 0.66; Fisher’s exact test).
Immunostaining in AMs was more evident in the tumor
parenchyma of epithelial islands and in all layers of the
cystic lining. Furthermore, staining was more common in
peripheral than in central cells of the tumor islands. STAT3
immunoreactivity was also observed in areas of squamous
metaplasia (Figure 4b—d). No significant difference was
found in the proportion of positive cells, staining intensity,
or final STAT3 score between conventional and unicystic
AMs (p > 0.05; Fisher’s exact test). There was also no dif-
ference in nuclear staining of STAT3 between conventional
and unicystic AMs (p = 0.32; Fisher’s exact test).
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A significant difference in STAT3 immunostaining oc-
curred between OKCs and AMs, with a higher proportion
of positive cells in the latter (p = 0.03; Fisher’s exact test).
However, there was no difference in nuclear staining of
STAT?3 between OKCs and AMs (p = 0.58; Fisher’s exact
test).

DISCUSSION

Advances in understanding STAT3 signaling and its role in
tumor progression and aggressiveness have rendered this
transcription factor a potential target in different studies
on head and neck pathologies [4, 5, 12, 13]. Our study
aimed to evaluate the STAT3 gene expression at mRNA
and protein levels in OKC and AMs, common lesions with
variable degrees of aggressive behavior and different recur-
rence rates, to gain insight into the molecular profile of this
group of odontogenic lesions.

STAT3 transcript in OKC and AM was downregulated
compared to the to the non-neoplastic oral mucosa (con-
trol). Interestingly, 67.44% of the OKC cases and 78.72%
of the AM cases exhibited low or high immunolabelling
of STAT3. Thus, STAT3 gene expression was more evi-
dent at protein than at mRNA level in the cases studied.
In malignant head and neck tumors, expression of STAT3
protein is related to cell migration, and proliferation and
tumor progression [4, 15]. STAT3 exists in two isoforms, a
and [; STAT3 is a less abundant isoform that reduces the
transcriptional function of a [16]. The primer used in the
present study was specific for the a and B isoforms and we
can therefore rule out the possibility that the downregula-
tion of the gene had occurred in a specific isoform. We
hypothesized that a limited number of available samples
for gPCR and standard deviation could explain our results.
This aspect represented a limitation of this study. Perhaps a
larger number of cases and a laser-microdissection-based
analysis could clarify this matter.

In the present study, STAT3 immunostaining in OKC
and AM was predominantly cytoplasmic, while nuclear
staining was less common. STAT3 is present in the cyto-
plasm under basal and inactive conditions. The nuclear
translocation after activation is fundamental for the func-
tion of this protein as a transcription factor and regulator
of specific genes [17]. The predominantly cytoplasmic im-
munostaining of the protein and downregulation of the
STAT3 gene at mRNA level suggest low transcriptional
activity of this protein in the odontogenic cysts and tumors
studied. In the cytoplasm, unphosphorylated STAT3 inter-
acts with protein kinase R, blocking its enzymatic activity
and inhibiting autophagy, and also regulates cell migration
through microtubule polymerization [18, 19].

pSTAT3 was not included in the analysis because of
technical difficulties with antibody staining. Despite this,
the latent cytoplasmic STAT3 protein is activated by ty-
rosine phosphorylation mediated by Janus or Src kinases.
Once phosphorylated (pSTAT3), the protein forms dimers
and is translocated to the nucleus, where it binds to specific
DNA promoter sequences for transcription of its target
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genes [17]. Although the physiological performance of
signaling is important for the standard cell response, dis-
ordered activation of the STAT3 pathway occurs in many
human diseases, especially tumors. Thus, disruption of
STATS3 signaling is related to the process of tumorigenesis,
inducing the transcriptional activation of various genes
that regulate inflammation, angiogenesis, apoptosis resis-
tance, and metastasis [15, 20].

In contrast to the present study, in a series of only three
cases analyzed by immunohistochemistry, absence of
STAT3 in OKCs was revealed [4]. However, other authors
found positive staining for this protein in follicular AM
[5]. Given the higher immunostaining of STAT3 in AMs
observed in the present study, even considering the lack
of a significant difference in mRNA expression between
OKC and AM, we suggest that STAT3 may participate at
least in the tissue differentiation of these lesions. Regarding
the type of keratocyst, we found significantly higher ex-
pression of the STAT3 gene at protein levels in sporadic
OKGC:s than those associated with NBCCS. However, it is
difficult to explain this difference because of the small
number of syndromic cases. It is important to point out
that, despite the lack of studies comparing STAT3 between
different types of AM and OKGC, there is no consensus in
the literature regarding the distribution of tumor markers
among different odontogenic cysts and tumors. However,
this distribution is generally associated with proliferation,
recurrence, and tumor aggressiveness, which cannot be
inferred here [21, 22].

Immunostaining of STAT3 was observed in stellate
reticulum-like cells, in areas of squamous metaplasia. It
was also observed in peripheral cells of epithelial islands
of the tumor parenchyma in AMs. In OKCs, STAT3 im-
munostaining was detected in superficial and interme-
diate layers. In addition, immunostaining was found in
the suprabasal layer of the epithelium lining the fibrous
cystic wall in unicystic AMs. These findings suggest the
participation of STAT3 in the morphogenesis and differ-
entiation of AM and OKGC, indicating a role of this protein
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EKcnpecuja reHa STAT3 Kog amenobnactoma M 040HTOreHUX KepaToLucTa
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bpaynuno KapHeupo KyHuop*, Mapunuja Tpuepsennep MaptuHc®, Banepuja Coy3a Opentact,
Onaswja Kano AkuHo Xasujep', Matpuuuja Pamoc Kapwu?, Knapuca Apayxo Cunga lypren?, »KaH Hynec goc CaHtoc'?

'Oepepantu yHuBep3uteT banje, Cromatonowwku ¢pakynter, Jlabopatopuja 3a xupypLuky natonorujy, Cansagop, bauja, Bpasun;
2Depepantu yHneep3uteT bauje, Mporpam cTomatonoruje 1 3apaeba, Cansagop, bauja, bpasun;
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CAMXETAK

Yeoa/LUvm STAT3 (npeTBapauy curHana v akTmBaTopu TpaH-
cKpunuuje) yKibyyeH je y pasnuunte Gu3monoLlKe npotece,
yKIbyuyjyhu nponvndepauujy v npexvebasame henvja. Buco-
Ka ekcnpecuja oBOr NpoTeriHa ce npumehyje Koa pasnnuunTtiix
BPCTa paka.

OBa cTyauja je nmana 3a Lub Aa NCTPaXmn eKCnpecunjy reHa n
npoteunHa STAT3 y cepujii OfOHTOTEHMX LCTa 1 TyMOpa KaKo 61
Npy>Kuna BriLe MHPOPMALja O KUXOBOM OVONOLIKOM Npoduy.
Mertope Excnpecuja reHa STAT3 Ha MPHK je kBaHTUMKOBaHa
KBaHTUTATVBHOM JlaHYaHOM peaKL1joM MonmmMepase y peasHoM
BpemeHy (RT-kPCR) y 23 ogoHToreHe kepatouucte (OKL) u ce-
fam amenobnactoma (AM) n ynopefeHa ca HeHeonnaCTUYHOM
OpasiHOM Ciy3HMLIOM. Takohe CMO NPOLIeHNN eKCpecKjy reHa
STAT3 Ha HUBOUMa NPOTENHA, KOpUCTERU NMYHOXCTOXEMU)Y,
y 43 OKL n 47 AM.

Pesyntatu STAT3 TpaHcKpunTU cy npoHaheHn y 96,6% npo-
y4yaBaHUX Tymopa; MehyTum, reH je cmarbeH y OKL n AM y

DOI: https://doi.org/10.2298/SARH220607115A

nopehery ca HeHeoNIaCTUYHOM OPaTHOM CJy30KOXKOM. EKc-
npecwuja STAT3 reHa Ha H1Boy MPHK 6una je Beha Kop crnopa-
Anunor OKL Hero kop cuHapomckor STAT3 (p = 0,04). Huje 6uno
pasnuke y ekcnpecuju STAT3 reHa Ha HuBoy MPHA n3mehy OKL|
1 AMc (p = 0,88). imyHo60jetbe STAT3 HUje OTKPUO 3HauajHY
pa3nviky n3mebhy cnopagunyHor v cuHgpoma OKL (p > 0,05), Hitn
13mehy KOHBEHLMOHANIHUX 1 YHALMCTYHUX AM (p > 0,05). Ame-
nobnacTomm cy nokasanu 3HauajHo Behe STAT3 nmyHob6ojerbe
o OKL (p = 0,03). Kog OKL| n AM, STAT3 umyHob6ojetbe je buno
NpeTeXHO LMTOMIa3MaTcko 1 Huje npumeheHa pasnuka y he-
nujckoj nokanmsauuju STAT3 namehy osumx nesuja (p = 0,58).
3aKspyyaK Halm Hanasu cy mokasanm HUCKY eKcnpecujy reHa
STAT3 y OKL, n AMc y ogHOCY Ha HeHeonnacTUYHy opasHy ciy-
30KoXy. MehyTnm, npumeheHo je Behe STAT3 umyHobojerbe
Koz AMy nopebhetby ca OKL.

KmbyuHe peun: ofoHTOreHe LucTe; amenobnactom; Gakrop
TpaHcKkpunuuje STAT3; ekcnpecuja reHa; UMyHOXCTOXeMMja
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SUMMARY

Introduction/Objective Bone resorption is a common problem in dentistry, and bone reparation cannot
be easily achieved. Several techniques of bone grafting and the use of low-level laser treatment (LLLT)
as a new therapeutic optional recommended for improving bone repair were applied. The aim of the
study was to investigate the influence of LLLT in bone repair of artificially made bone defects in the rat
mandible using histomorphometry.

Methods The research was carried out on 60 female rats. Bone defects were made in the mandible, and
animals were divided into two groups, each containing 30 animals. In the study group, the implantation
site was submitted to GaAlAs laser irradiation 670 nm, 5 mW, 4 minutes per day for 5 days. The control
group had no postoperative treatment. The animals were sacrificed after two, six, and eight weeks post
LLLT, and preparations were analysed by histomorphometry, determining bone area fraction, bone area,
integral density, mean density, and density variation.

Results Histomorphometric analysis revealed statistically higher values of area fraction, area, and integral
density in the study group after two and six weeks. However, no beneficial laser effect was noticed after
eight weeks.

Conclusion Low-level lasers have a stimulating effect on reparatory mechanisms in the early regeneration
stage of artificially made bone defects in the rat mandible and can be used as a useful helping method

in bone treatment.

Keywords: bone; low-level laser treatment; osteogenesis

INTRODUCTION

Alveolar bone resorption is a common problem
in dentistry that occurs due to several patholog-
ic and physiologic conditions. In such cases, re-
parative potentials of bone vary, and reparation
cannot be easily achieved. Many techniques of
bone grafting have been recommended for im-
proving bone repair; the use of low-level laser
treatment (LLLT) is a new therapeutic option
[1]. The use of LLLT as a bio-modulation tool
in dentistry has been continuously growing,
and many studies have demonstrated its posi-
tive results on bone tissue healing after dental
extraction, bone fractures, orthodontic treat-
ments, and implant placement [2, 3]. When
laser light enters the tissue and is absorbed,
i.e. triggers biochemical processes that lead to
activation of the mitochondrial chain and cell
activities. LLLT induces proliferation of fibro-
blasts and production of collagen and increases
enzyme activity and vascularisation of the treat-
ed area [3]. LLLT is painless and non-invasive,
has no adverse effects, and there are almost no
contraindications for its use [4].

Although LLLT is widely used, its effects
on bone are still controversial. It is thought
that LLLT stimulates bone through activation
of osteoblasts, which induce faster formation
and maturation of young bone. Yet, there is no
universal opinion regarding the use of specific
therapeutic dosage and time. Unlike pharma-
ceutical agents, LLLT involves a wide range of
parameters in terms of laser properties and
dosage, which has been shown to be important
for the effects to occur. Under-dosage results
in poor cellular response, but overdosage may
paradoxically inhibit cell proliferation or in-
duce apoptosis.

Different laser types with different wave-
lengths, including helium-neon (He-Ne), galli-
um aluminjum arsenide (GaAlAs), and gallium
arsenide (GaAs), have been used at different
doses and different treatment schedules for the
LLLT. In recent studies, the GaAlAs type of di-
ode lasers has been shown to be more effec-
tive in bio-stimulation than He-Ne lasers due
to the higher penetration ability into the deep
tissues [5, 6]. The dose-dependent nature of
LLLT results in stimulating effects at low doses
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(0.05-10 J/cm?), while higher doses (over 10 J/cm?) lead
to bio-inhibition. It is difficult to compare studies about
LLLT of bone because the dosage parameters, models, and
duration of therapy are very distinct [2]. Thus, it is impor-
tant that the cellular effects of LLLT are better understood
and considered before formulation of clinical treatment
protocols. Research is currently in progress and leads to
tinding common ground with universal recommendations
for LLLT in everyday dental practice.

The aim of this study was to histomorphometrically
investigate the influence of the LLLT on bone repair of
artificial bone defects made in the rat mandible.

METHODS

This prospective randomized trial was carried out at the
Faculty of Medicine, University of Ni§, for nine weeks. The
study was conducted according to the ethical principles
in animal experimentation of the International Council
for Laboratory Animal Science and the Committee for
the Purpose of Control And Supervision of Experiments
on Animals [7]. The study protocol was approved by the
Faculty of Medicine Institutional Ethics Committee (No.
01-2800-7).

Sixty healthy white female rats of Wistar type, age 10
weeks, participated in the study. All of the animals were
prepared for intervention by applying diazepam (Bensedin,
ICN Galenika, Belgrade, Serbia) at a dose of 1.5 ml per
animal and anesthetized with ketamine hydrochloride USP
(Ketalar, Rotexmedica Gmbh, Trittau, Germany) at a dose
of 0.5 ml per animal. Later on, defects 1.2 mm in diameter
and 1.5 mm deep were made in the region between the
medial line and mental foramen (region of maximum load
in the mandible of rats) on the right side of the mandible.
The animals were then divided into two equal groups. In
the study group, the implantation site was submitted to
GaAlAs laser irradiation (model Mils 94, Optica Laser,
Sofia, Bulgaria), using 670 nm, power 5 mW, 4 minutes per
day, for five consecutive days. The control group of animals
had no postoperative treatment. Defects in the mandible
were not large and did not require postoperative analgesia,
nor were a threat of infection due to good vasculariza-
tion of the treated area. Periodontal flap operation was a
model after which the bone preparations in rat mandible
were made, and it did not require the use of analgesics or
antibiotics. The animals were kept in cages under appro-
priate conditions of light and temperature, and had water
and food ad libidum according to institutional guidelines
relating to animal experiments. The postoperative period
was with no adverse consequences.

Animals were sacrificed two, six, and eight weeks post
LLLT, with profound sedation and overdose of ketamine
and xilazine, 0.5 ml each. Bone samples of the mandible,
from the medial line to the mental foramen, were cut in the
vestibulo-oral direction, washed in physiological solution,
and fixed in 10% formaldehyde. Chemical decalcification
was performed in a 15% solution of nitric acid, and the
decalcification time ranged 24-72 hours. Decalcification
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by electrolysis was performed in an electrophoresis power
supply MA 8903 apparatus (Elektronska industrija, Nis,
Serbia), in an aqueous solution of 8% concentrated hy-
drochloric acid and 10% formic acid. The decalcification
process by electrolysis was carried out for two hours at a
voltage of 100 V and a current of 50 mA.

Afterwards, the samples were dehydrated in alcohol,
molded into paraplast, cut and dyed. Thus 2-4 pm thick
histological sections were dyed by haematoxylin-eosin (HE)
and PAS methods. Digital pictures (640 x 480 pixels) were
taken with a 63 x magnification objective of a NU-2 micro-
scope (Carl Zeiss, Jena, Germany) and analysed by a Lucia
3.2G system (Laboratory Imaging, Prague, Czech Republic).

For histomorphometric analysis, the test area was de-
termined (one field of view of each preparation), which
included both the newly created bone tissue and the bone
tissue immediately adjacent to the prepared defect. The
following were measured: area fraction (the percentage of
bone tissue at each visual area); area (the bone area which
could be seen at each visual area); integral density (inte-
grally collected optical density of investigated bone part);
mean density (mean value of optical density), and density
variation (density variation of newly formed compact and
spongy bone).

Statistical processing of the results was performed with
the SPSS 15.0 program (SPSS Inc., Chicago, IL, USA).
MANOVA and t-test have been used for the analysis of
the obtained results, which were shown as a mean value
and standard deviation. The level of significance was set
atp < 0.05.

RESULTS

After two weeks, histomorphometric analysis of bone re-
vealed statistically higher values of area fraction, bone area,
and integral density in the study group, while density varia-
tion was statistically higher in the control group (Table 1).
A histological analysis of the mandibular cortical alveolar
bone after two weeks in the study group showed a notice-
able increase in bone tissue, with numeruous cement lines
and reduction of Haversian canals compared to the cortical
bone of the control group of animals (Figure 1).

After six weeks in the study group, submitted to the
LLLT, histomorphometric analysis of bone still showed
statistically higher values of area fraction, bone area,
and integral density compred to the control group - in
the study group, an increase in compact and cancellous
bone tissue with numerious cement lines was noteiceable,
compared to the samples of the control group of animals
(Figure 2; Table 2).

There was no difference in histomorphometric findings
between experimental groups after eight weeks (Table 3).

DISCUSSION

Alveolar bone loss represents a problem in dental rehabili-
tation. Although bone has good regenerative properties,
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Table 1. Mean histomorphometric values of investigated bone after two weeks

a 650-nm wavelength increases orthodontic

mean density (g/cm?) 0.29 +£0.06 0.27 £0.03

) Study group Control group tooth movement more than other wavelengths
Variable X +SD p (405 nm, 532 nm, and 940 nm). A similar wave-
area fraction (%) 0.59 £ 0.32 0.39£0.16 <0.05 length was used in our investigation (670 nm).
area (um?2) 16,213.41+3,133.04 | 11,072.31+3,071.47 | <0.05 It is widely accepted today that inflamma-
integral density (a.u.) | 1,031,998.54 +42,443.07 | 82,724.4+10,222.92 | <0.05 tion and bone resorption are basic responses

n.s. of periodontal tissue to damage. LLLT reduces

0.02 +0.02 0.05 +0.02

density variation

<0.05 gingival inflammation, and many studies indi-

Table 2. Mean histomorphometric values of experimental bone after six weeks

cate that LLLT has capacity to alter bone cel-
lular behaviour [8, 11]. Faster callus formation,

Table 3. Mean histomorphometric values of experimental bone after eight weeks

Variable Study group 15 Control group p revascularization, promotion of bone formation
Y
P— 0781006 X2 0582016 005 and denser trabecular networks have also been
+ + ) ) .
area ractzlon( 0 58 69 - '200 s Tios 9'9 9_ 2.6 . < 0.0 reported [12]. Liu et al. [13] investigated the
+ + . o . . .
area (wlnd) - 1338109£12,007.13 | 1084999 + 2645546 | <005 healing of rat tibiae fractures irradiated with
+ +
Integl’jj ell'ISIty (a.u.z) 143,88?;2 + 2%250.68 1,100;122_ 5?3279.01 <0.05 2 low-level laser (830 nm, CW, 40 I/sz once
+ + . 3
mean density (g/cm’) 0.28:+0. — os. daily for five weeks) and suggested that LLLT
density variation 0.08 £0.01 0.08 £ 0.02 n.s. . . . .
causes an increase in callus volume. Lirani-

Galvao et al. [14] investigated the effects of

LLLT (GaAlAs laser, 780 nm, 30 mW) on bone

) Study group Control group
Variable %+SD p repair in rats and noticed a significant increase
area fraction (%) 0.78+0.17 0.68 +0.22 ns. in osteoblast number. Nagasawa et al. [15] ir-
area (um?) 136,174.4 £32,014.07 | 127,461.6+36342.66| n.s. radiated bone defects with GaAlAs laser and
integral density (a.u) | 155,337.1+55,853.52 | 133,247.3£4093574| n.s. noticed the active formation of spongy bone.
mean density (g/cm?) 0.28+0.11 0.28 +0.04 ns. Diker et al. [9] showed, through histomor-
density variation 0.08+0.35 0.08 +0.03 ns. phometry, that applying 10 sessions of LLLT

Figure 1. Intensive osteogenesis of compact bone two weeks after
the completed low-level laser treatment; 25 x

its repair capacity may be impaired due to mechanical in-
stability and the presence of other tissues with higher pro-
liferative activity. The use of several techniques, including
LLLT, has been studied in order to improve regeneration of
alveolar bone and upgrading routine dental rehabilitation
[8, 9]. In periodontal, oral, and maxillofacial rehabilitation,
application of LLLT for assisting the treatment with bone
grafts, distraction osteogenesis, peri-implant tissue heal-
ing, and wound healing, becomes an emerging trend, and
has shown promising results [9]. It includes wavelengths
500-1100 nm and a dose of 1-4 J/cm?, using lasers with
output powers of 5-90 mW. The infrared portions of the
spectrum have been shown to provide the best therapeutic
results [2, 10]. Keklicki et al. [2] noticed that LLLT with

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):21-25

Figure 2. Osteogenesis of compact bone six weeks after the completed
low-level laser treatment; 25 x

stimulated osteoblastogenesis in bone defects of diabetic
rats. Taha et al. [16] showed that LLLT (970 nm) could
enhance the bone healing mechanisms and improve the
outcome of the treatment in an animal study. These his-
tological findings are similar to findings from our study;,
which emphasize the stimulating effect of LLLT on bone
healing and reparation.

LLLT can stimulate bone cellular proliferation, which
reflects osteoblastic activity. It is assumed that depend-
ing on the phase of bone repair, LLLT can accelerate bone
resorption or formation [17, 18]. Prado et al. [1] evalu-
ated in vivo osteogenesis on rough treated dental implants
alone or in association with LLLT. LLLT was applied for
seven days at the surgical site before and after placing the
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implant. Bone-implant contact was measured after one,
two, and six weeks using scanning electron microscopy and
energy dispersion spectrophotometry. In short periods,
significantly greater bone-implant contact was noticed.
The investigators concluded that inducing cellular stimula-
tion and improving bone-implant contact in short-term
healing should be considered in clinical practice due to low
cost and high effectiveness of the LLLT [1]. In our research,
similar results have been shown through histomorphomet-
ric parameters during the investigated period of two and
six weeks. In contrast, no differences between the groups
were noticed during the later-investigated period of eight
weeks. Pretel et al. [18] evaluated bone repair in artificially
made rat mandible defects in three evaluation periods (15,
45, and 60 days) after stimulation with infrared LLLT. The
histological results showed an advanced bone tissue re-
sponse compared to the control group, abbreviating the
initial inflammatory reaction and promoting rapid new
bone matrix formation at 15 and 45 days. There were no
significant differences between the groups after 60 days.
The authors concluded that LLLT showed a stimulating
effect on bone remodelling by stimulating modulation of
the initial inflammatory response. In our study, histomor-
phometric analysis revealed statistically higher values of
bone area fraction, bone area, and integral density in the
group submitted to LLLT. Based on the obtained results,
it has been noticed that LLLT’s beneficial effect was more
pronounced in a shorter investigated period [19]. However,
it is still difficult to compare LLLT studies on bone due to
different dosimetrical parameters, experimental models
and duration of treatments [4, 20, 21].

The treatment protocol used in our study is in agree-
ment with other authors, as no existing LLLT param-
eters are universally accepted [1]. It is possible that laser
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treatment’s effect on bone regeneration depends not only
on the total dose of irradiation but also on the duration
and mode of irradiation. Further studies are needed to
determine optimal parameters, particularly dosage and
treatment period, to establish universal recommendations
for the use of LLLT in everyday dental practice. The in-
crease of knowledge about the low-level laser influence
on regeneration and reparation of bone defects creates a
sound basis for a broader application of this therapeutic
procedure that involves the implantation of artificial bone
in regeneration. In such a way, impaired regeneration pres-
ent in patients with poor general health, like in certain
systemic diseases, could be successfully overcome and
regeneration of alveolar bone achieved.

CONCLUSION

Histomorphometric analysis of artificially made defects in
rat mandible revealed that low-level lasers have a stimu-
lating effect on reparatory mechanisms in the early bone
regeneration stage, after two and six weeks of the applied
treatment. No beneficial laser effect was noticed after an
investigated period of eight weeks. These findings suggest
that LLLT can be useful as a helping method in the early
stages of alveolar bone regeneration.
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2YHuBep3auTeT y KparyjesLy, GakynTeT MeanUMHCKUX HayKa, Kparyjesal, Cpbuja;
3YHusep3uTeT y LipHoj Topu, MeanumHckn dakynter, Mogropuua, LipHa fopa;

*YHuBep3uTteT y Beorpagy, Cromatonowku pakyntet, beorpag, Cpbuja;

*YHnBep3uTeT y MpuwtnHu - Kococka Mutposuua, Mepnumtckmn dpakyntet, Kocoscka Mutposuua, Cpbuja;
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CAXETAK

YBoa/Llnm Pecopruuja KOCTy NpefcTaB/ba YecT npobnem y
CTOMATOMNOrUjK, @ TELLKO Ce MOCTMKe HAaJOKHaAa KOLITAHOT TKM-
Ba. Kao HOBW Tepanujckn NprcTyn y nobosbluakby pereHepa-
Lmje KOCTI cafia ce MPEenopyuyyjy pasninumnte TEXHUKE KoLTaHe
TpaHCMaHTalUuvje n TpeTMaH lacepom marne cHare (low-level
laser treatment — LLLT).

Linsb oBor ncTpaxuBatba je 610 Aa ce XMCTOMOpPHOMETPUjCKM
ncnuta ytnuaj LLLT Ha pereHepaymjy KOCT/ BeluTayky Hanpa-
BJbEHUX KOLTaHUX AedekaTa MaHAMOY e naLioBa.

Metopge Y nctpaxusary je yyectBoBano 60 nawoBa »KeHcKor
nona. Mocne npenapauuje KowTaHux AedekaTa JOoHe BUINLE,
XKMBOTUHbE Cy MOAe/beHe y ABe rpyne o no 30 Xunsotuma. Y
CTYAWCKOj Fpynu, MeCTo MMMJIaHTaLmje je NoABPrHyTO 3payetby
nacepom GaAlAs 670 nm, 5 mW, yeTnpu MUHyTa AHEBHO, NeT
[aHa, AOoK Y KOHTPOJIHOj rpynu Huje 6uno noctonepaTnBHON
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TpeTMaHa. MKMBOTUH€e Cy XXPTBOBaHe MoCse ABe, LWeCT 1 0Cam
Hefierba of 3aBpLueHe LLLT. Viceuum cy xuctomoppomeTpmjckm
aHanM3ypaHu MeperbeM apearnHe ppakLuje KocTu, apeje KocTu,
VHTerpucaHe ryctuHe, Cpeare ryctuHe 1 Bapujauuje ryctuHe.
PesynTaTtu XuctomopdpomeTpmjcka aHanm3a je nokasana Cra-
TUCTMYKM 3HaYajHO Behe BpegHOCTM apeanHe dpakuuje, apeje
1 UHTErprcaHe ONTUYKe rycTHe Y rpynu NoABprHyToj nace-
poTepanujy Mocsne fBe 1 WecT Heperba. Huje youeHo noce6Ho
[ejCTBO Nlacepa y nepuofy nocse ocam Heaerba.

3akbyuak Jlacepy mane cHare 1Majy GMocTMMynaTMBHY edexat
Ha npoLiece penapauyje y paHoj Ga3u pereHepaLiyje BeLUTauKm
HanpaB/beHVX fedeKaTta KOCTM MaHAUObyne naLoBa 1 Mory ce
KOPUCTUTY Kao MOMONHO CPefCcTBO Y TPETMaHy KOCTH.

KrbyuHe peum: KocT; Tepanuja lacep1ma Mase cHare; 0CTeo-
reHesa
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Real-world data of cardiotoxicity during long-term
therapy with trastuzumab in human epidermal growth
factor receptor-2-positive metastatic breast cancer
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SUMMARY

Introduction/Objective This study aims to investigate the cardiotoxicity of long-term therapy with
trastuzumab in patients with HER-2-positive metastatic breast cancer.

Methods A total of 48 patients with metastatic HER-2-positive breast cancer were analyzed. The patients
received long-term trastuzumab (time of application was longer than 20 months). The analyzed char-
acteristics of the patients were the following: age, initial stage of the disease, application of anti-HER-2
therapy and anthracyclines in the adjuvant setting, the number and type of applied systemic therapies
concomitant with trastuzumab in the metastatic setting. Cardiac toxicity was assessed using left ven-
tricular ejection fraction (LVEF) values at three time-points: at the beginning, in the middle, and at the
end of treatment period for each patient separately.

Results In 17 (35.4%) patients the trastuzumab treatment was temporary discontinued. The average
time of trastuzumab therapy interval was 52.2 + 23.5 months. The mean LVEF values were 66.73 + 7.02%,
64.62 + 5.7%, and 63.44 + 6.1%, respectively. The mean values of LVEF differed significantly in the three
observed time-points (F = 4.9 p = 0.009). Post hoc pairwise comparison, using Bonferroni correction,
confirmed significantly lower mean LVEF values at the end point (at the end of treatment) compared
with the mean LVEF values at the beginning of anti-HER-2 treatment (p = 0.019), but within the reference
range of LVEF > 50%.

Conclusion The data confirm good safety profile of long-term trastuzumab therapy in HER-2 positive
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metastatic breast cancer patients considering cardiotoxicity.
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INTRODUCTION

Cancer and cardiovascular diseases represent
the leading cause of death and an important
contributor to mortality rates worldwide [1].
Female breast cancer (BC) has now surpassed
lung cancer as the leading cause of global cancer
incidence in 2020, with an estimated 2.3 mil-
lion new cases, representing 11.7% of all cancer
cases [2]. The human epidermal growth factor
receptor 2 (HER-2) status in BC has a prognos-
tic and predictive value and provides informa-
tion about the prognosis of the disease and the
type of appropriate specific treatment, and thus
helps in selecting the optimal therapy for patient
treatment. HER-2 testing is recommended for
all newly diagnosed invasive BCs. The most
commonly used methods for testing are immu-
nohistochemical staining and in situ hybridiza-
tion. Approximately 15% of BCs have excessive
expression or amplification of HER-2 and have

aggressive clinical behavior [3]. There has been
a general consensus that the HER-2 oncogene,
when overexpressed, is the dominant driver of
BC biology, regardless of hormone receptor sta-
tus [4]. The use of trastuzumab in combination
with chemotherapy dramatically improves the
prognosis in all stages of HER-2-positive BC [5].
Trastuzumab is a humanized monoclonal anti-
body directed against the extracellular domain
of HER-2. It represents the standard of care in
BC patients with HER-2 amplification and/
or overexpression, both in the advanced and
(neo) adjuvant setting. Adding trastuzumab to
standard chemotherapy has led to a significant
improvement in survival outcomes [6].

Trastuzumab-mediated cardiotoxicity
Cardiotoxicity is an important segment in

HER-2-targeted therapy. Unlike anthracycline-
induced cardiotoxicity, trastuzumab-mediated
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cardiotoxicity is not dose-dependent and is reversible.
Trastuzumab may lead to an exacerbation and augmenta-
tion of cardiotoxicity induced by prior anthracycline treat-
ment by interfering in the mechanism of homeostasis and
cell survival and repair pathways [7]. In a leading phase 3
study for trastuzumab [8], as well as in subsequent stud-
ies, a significant number of patients with cardiac dysfunc-
tion were observed. Those patients received trastuzumab
therapy, with special consideration for those patients in
which anthracyclines and trastuzumab were administered
concomitantly. Additional studies have shown that, in gen-
eral, cardiotoxicity is reversible and that trastuzumab can
be reintroduced in the treatment after establishing regular
cardiac function. The U.S. Food and Drug Administration
(FDA) has evaluated trastuzumab-mediated cardiotoxic-
ity in four adjuvant trials (NCCTG N9831, NSABP B-31,
HERA, BCIRG 006) and found a four- to six-fold increased
symptomatic heart dysfunction in patients that received
trastuzumab [9]. Myocardial dysfunction and heart fail-
ure, mostly described as cardiotoxicity, are the most con-
cerning cardiovascular complications of cancer therapies.
Most trials use the definition of cardiotoxicity related to
cancer therapeutics defined by the European Society of
Cardiology (ESC) as a decrease in left ventricular ejection
fraction (LVEF) > 10% points to a value below 50% [10].
According to ESC Guidelines, LVEF should be determined
before and periodically during treatment for early detec-
tion of cardiac dysfunction in patients receiving potentially
cardiotoxic chemotherapy [10]. This group considers the
lower limit of normal (LLN) of LVEF in echocardiography
as 50%. If LVEF decreases more than 10% to a value below
the LLN (LVEF < 50%), angiotensin-converting enzyme
inhibitors in combination with beta-blockers are recom-
mended to prevent further LV dysfunction or the develop-
ment of symptomatic heart failure.

A cardio-oncology expert panel from the French
Working Group of Cardio-Oncology has tried to harmo-
nize the most recent American and European guidelines
to propose decision algorithms that would be easy for cli-
nicians in their daily practice [11]. The French Working
Group proposes complete cardio-oncological evaluation
every three months during HER-2 treatment in all patients.
Original trastuzumab-related FDA prescription instruc-
tions recommend cardiology consultation and withhold-
ing trastuzumab for four weeks if the LVEF falls by > 16%
from the baseline, or if LVEF falls > 10% below the baseline
and below the LLN. According to the prescribing infor-
mation, trastuzumab can be safely restarted if the LVEF
returns to normal and within 15% of the baseline [12].
According to the European Society for Medical Oncology
consensus recommendations for cardiac disease manage-
ment in cancer patients, asymptomatic patients undergo-
ing trastuzumab treatment who have LVEF decrease of
> 10% from the baseline or a drop in LVEF to > 40%; a
value < 50% indicates a need for referral for cardiology
consultation, preferably with a cardio-oncology special-
ist and consider initiation of cardioprotective treatments
[13]. If trastuzumab is stopped, LVEF within three to
six weeks should be repeated and it is recommended to
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resume trastuzumab therapy if LVEF has normalized to a
value > 50%. Screening with an LVEF assessment should
be considered at 6-12 months and possibly two years post-
treatment, and consideration for reassessment periodi-
cally thereafter [14]. Recommendations are that patients
undergoing trastuzumab therapy should have a baseline
cardiovascular assessment of cardiac function including
history, physical examination, EKG with QTc interval and
determination of LVEF by quantitative 3D transthoracic
echography, cardiac magnetic resonance or multigated ac-
quisition scan. Routine use of cardiac biomarkers (cardiac
troponins) in patients receiving or potentially receiving
cardiotoxic therapy is insufficiently established. There are
different views on the pre-treatment use of angiotensin-
converting enzyme inhibitors or beta-blockers in patients
at high cardiac risk [11].

Objective

The objective of this longitudinal observational analysis is
to examine the safety profile and tolerability of long-term
anti-HER-2 therapy with trastuzumab and its real efficacy
in the treatment of metastatic HER-2-positive BC (HER-2+
MBC) patients in everyday clinical practice.

METHODS

A total of 48 HER-2+ MBC patients were analyzed ret-
rospectively in this study. All the patients received long-
term anti-HER-2 therapy with trastuzumab (period of
application was longer than 20 months) simultaneously
with other systemic treatment modalities (chemotherapy,
hormonal therapy) regarding to characteristics of the dis-
ease since July 2004 at University Clinic for Radiotherapy
and Oncology in Skopje. In 10 patients, the disease was
initially diagnosed in stage I'V, while in 38 patients, disease
relapse was registered after initial treatment for early-stage
BC. The study also included patients who had previously
received trastuzumab as part of adjuvant treatment. HER-2
status was determined locally by immunohistochemical
analysis or with in situ hybridization in accordance with
the recommendations of the American Society of Clinical
Oncology / College of American Pathologists, initially at
primary diagnosis or with analysis of tumor tissue obtained
by biopsy of the metastatic (secondary) lesion [15].

In 38 patients diagnosed initially with early breast can-
cer (eBC) in whom metastatic disease occurred later after
disease-free interval, parameters related to the clinical and
pathological features of the primary tumor and the adjuvant
oncological treatment were analyzed: primary stage of the
disease, hormone receptor status (estrogen receptor and
progesterone receptor), adjuvant treatment with anthracy-
clines, and trastuzumab. The characteristics of metastatic
disease and the type of treatment were analyzed in all 48 pa-
tients with HER-2+ MBC. Analyzed parameters included:
presence of visceral metastases (lung, liver, pleura, perito-
neum, pleural effusion, ascites), presence of non-visceral
metastases (bones, skin, lymph nodes, contralateral breast),
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presence of brain metastases, number and type of systemic
therapies for metastatic disease treatment applied concur-
rently during trastuzumab therapy. The median time to
the first progression of the disease (invasive disease-free
survival) in 38 patients with initially diagnosed eBC was
obtained by this analysis. In all 48 patients, the duration
of trastuzumab therapy and trastuzumab toxicity were
analyzed by obtaining LVEF values by echocardiography.
The initial time-points for the above-mentioned statistical
analyses were as follows: the date of initial diagnosis, the
date of first relapse of the disease for patients with initially
diagnosed eBC, and the date of initiation of trastuzumab
therapy for metastatic disease in all 48 patients. The patients
who were alive were censored with the date of the final
observation point (data cut-off at April 2021).

Cardiac toxicity was assessed by obtaining of LVEF
values according to standard clinical practice every three
months during anti-HER-2 therapy application period
with regard to the protocol (or more frequently as it was
indicated). LVEF values were collected and evaluated at
three time-points for each individual patient: at the be-
ginning (LVEF before initiating trastuzumab treatment
as the first-line treatment for MBC), in the middle (LVEF
in mid-treatment period for each individual patient), and
at the end of treatment period (LVEF final measurement)
for each patient separately. Informed consent from the pa-
tients or family members of deceased patients who were
included in the analysis was obtained to use their data for
scientific purposes. The database with clinical and demo-
graphic characteristics of the patients was formed using the
medical records and the electronic database of the Clinic.

This study was done in accordance with the institutional
standards on Ethics.

Statistical analysis

Statistical analysis of the data was performed in the statis-
tical program IBM SPSS Statistics for Windows, Version
23.0 (IBM Corp., Armonk, NY, USA). The obtained data
are presented in tabular and graphical form. Categorical
variables are represented by absolute and relative numbers.
Quantitative variables are presented with descriptive statis-
tics (mean + SDi, minimum and maximum values, median
value, and interquartile range). The Kolmogorov-Smirnov
test was used to test the normality of data distribution. The
repeated-measures ANOVA analysis was used to compare
the value of EF% in the three time-points. Kaplan-Meier
survival analysis was used for invasive disease-free survival
(iDES). Statistical significance was defined at the level of
p < 0.05.

RESULTS

The study included 48 patients with pathohistologically
verified HER-2+ MBC. At the time of the study closure,
24 patients were alive and 24 were deceased. Analyzed pa-
tients were 27-69 years old, with a mean age of 47.2 £ 9.9
years. In patients with eBC as initial diagnosis (38 in total),

‘ DOI: https://doi.org/10.2298/SARH220308113lI
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the most common stage of disease was II - 19 (39.6%)
patients. The distribution of patients by stage of disease
is shown in Table 1.

Table 1. Distribution of patients by disease stage

Stage of disease n (%)

| 3(6.25)
IC 1(2.08)
1A 6(12.5)
1B 13(27.08)
1A 5(10.42)
1B 2(4.17)
lnc 8(16.67)
I\ 10 (20.83)
Total 48
live 24 (50)
deceased 24 (50)

Analysis of clinical parameters of patients with
early breast cancer until metastatic disease onset

Analysis of data for applied adjuvant therapy in patients
with initially diagnosed eBC showed that 28 (73.7%) pa-
tients received anthracyclines in the adjuvant setting, 18
(47.4%) patients were treated with adjuvant trastuzumab.
Treatment with adjuvant trastuzumab in all included pa-
tients was conducted after treatment with anthracyclines
(sequentially), concomitant with taxane therapy until the
completion of one year adjuvant treatment. Locoregional
relapse was initially reported in 10 (26.32%) patients and
distant metastases in 28 (73.68%) patients. Time to onset
of the first relapse of the disease (iDFS) ranged 13-216
months, with an average time of 79.2 = 52 months. In half
of the patients, the time to the first relapse occurrence was
less than 55.5 months.

Analysis of clinical parameters of patients with
metastatic disease

This group includes 48 patients (10 patients who were
initially diagnosed with stage IV disease and 38 patients
with eBC beginning from the moment of metastatic dis-
ease diagnosis). Table 2 shows the most common sites of
distant metastases, the data for applied systemic therapies
concomitant with trastuzumab, types of systemic therapy
(lines of chemotherapy and endocrine therapy applied
sequentially), treatment discontinuation, and causes for
treatment discontinuation. The average duration of trastu-
zumab treatment was 52.2 + 23.5 months. The shortest
time of receiving trastuzumab was 20 months (in one pa-
tient), while the longest was 113 months (also in one pa-
tient). In half of the patients, the duration of trastuzumab
treatment was longer than 48 months. Data on duration
of trastuzumab treatment are shown in Table 3.

In 17 (35.4%) patients the treatment was discontinued; in
11 (22.92%) patients the interruption lasted longer than four
months, while in six (12.5%) the interruption was shorter
than four months. The reason for discontinuation of trastu-
zumab treatment longer than four months was initiation of a
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Table 2. Sites of relapses, types and lines of applied concomitant sys-
temic therapies, treatment discontinuation and causes for treatment
discontinuation in patients with metastatic breast cancer

DM type n (%)
visceral 15(31.25)
non-visceral 17 (35.4)
brain 2(4.17)
mixed (visceral + non-visceral) 11(23.4)
mixed (visceral + brain) 3(6.25)
Applied lines of chemo +/- hormone therapy
1 18 (37.5)
2 15(31.25)
3 6(12.5)
4 6(12.5)
5 2(4.17)
6 1(2.08)
Type of therapy

chemotherapy 17 (35.42)
chemo+ hormone therapy 26 (54.17)
hormone therapy 5(10.42)
Discontinuation of treatment

yes 17 (35.42)
no 31 (64.58)

Cause of treatment discontinuation
Decline of LVEF

Anthracyclines toxicity

other

Discontinuation of treatment (months)
6(12.5)
11(22.92)

<4 months

> 4 months

DM - distant metastases; LVEF - left ventricular ejection fraction

Table 3. Duration of anti HER-2 treatment with trastuzumab (months)

Descriptive statistics
Duration of trastuzumab treatment (months)
Mean = SD Median (IQR)
522+235 48 (35-66)

IQR - interquartile range

Min-max
20-113

new line of treatment with chemotherapy regimen contain-
ing anthracyclines or therapy with T-DM1 (ado-trastuzum-
ab emtansine). There was no discontinuation in trastuzumab
treatment in 31 (64.58%) patients. Three (6.25%) patients
had discontinuation of trastuzumab because of a decline of
LVEF below 50%. In two of these three patients, discontinu-
ation of treatment was longer than four months and anti-
HER-2 treatment was resumed after normalization of LVEE

Table 4. Mean values of left ventricular ejection fraction (beginning, median, and end of

In one patient, anti-HER-2 treatment was not continued due
to low LVEF and disease progression. Table 2 presents the
causes for treatment discontinuation.

The mean LVEF values were 66.73 + 7.02%, 64.62 + 5.7%
and 63.44 + 6.1%, at the beginning, median, and end of
treatment, respectively (Table 4). According to the results
in Table 5, the mean values of LVEF differed significantly
in the observed three time-points (F = 4.9 p = 0.009). Post
hoc pairwise comparison, using Bonferroni correction, con-
tirmed significantly lower mean LVEF values at the end-
point (at the end of treatment) compared with the mean
LVEF values at the beginning of anti-HER-2 treatment
(p = 0.019) but within the reference range of LVEF > 50%.

DISCUSSION

This longitudinal observational analysis included 48 pa-
tients with metastatic BC treated with trastuzumab for
more than 20 months. The mean duration of trastuzumab
treatment was 52.2 + 23.5 months. In 17 (35.4%) patients
the treatment with trastuzumab was temporarily discon-
tinued, in 11 (22.92%) of them the discontinuation was
longer than four months, while in six (12.5%) the discon-
tinuation was shorter than four months. Discontinuation
of trastuzumab therapy was mostly due to initiation of
anthracycline-containing regimen because of disease pro-
gression. Only in three (6.25%) patients, the reason for
discontinuation of treatment was decline in LVEF below
50%. Of these three patients, in two patients the discon-
tinuation of treatment was longer than four months and
anti-HER-2 treatment was resumed after normalization of
LVEE while in one patient anti-HER-2 treatment was not
continued due to low LVEF and disease progression. The
mean LVEF was 66.73 + 7.02%, 64.62 + 5.7%, and 63.44 +
6.1%, at the beginning, middle, and the end of treatment,
respectively. Post hoc pairwise comparison, according to
Bonferroni correction, showed significantly lower mean
value of LVEF in the third analyzed point (last evaluation
of LVEF at the end of treatment) compared to the start-
ing point (p = 0.019), but this difference did not exceed
the referent values. These results support favorable safety
profile of long-term therapy with trastuzumab, which was
52 months in this study. Trastuzumab is a milestone in the
treatment of HER-2-positive BC. However, the data on
the safety of long-term use of trastuzumab in a metastatic
setting are scarce. One review study detected four trials
for long-term safety of trastuzumab in metastatic BC [16].
The LHORA study reported 2.2% of trastuzumab-related

Table 5. Post hoc pairwise comparison (Bonferroni
correction)

treatment) Repeated measures ANOVA
. Descriptive statistics F=4.9; p=0.009 sig
Variable - -
Mean + SD median (IQR) Min-max 2 3
1. LVEF% (start of treatment) 66.73 +7.02 66 (61.5-69) 58-101 1 0.20ns 0.019 sig
2. LVEF% (median of treatment) |  64.62 + 5.7 64 (60-68) 55-83 2 0.459 ns
3. LVEF% (end of treatment) 63.44 £ 6.1 64 (60-68) 46-75 ns - non-significant; sig - significant; ANOVA - analysis

IQR - interquartile range; LVEF - left ventricular ejection fraction

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):26-31

of variance; adjustment for multiple comparisons:
Bonferroni
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cardiotoxicity in patients with progression-free survival
> 3 years receiving first-line treatment with trastuzumab
without discontinuation of the treatment [17]. This may
be particularly important in the context of the new clinical
reality which is the use of novel anti-HER-2 targeted thera-
pies that enable significant increase in disease-free sur-
vival and overall survival in patients MBC (pertuzumab,
trastuzumab emtansine, lapatinib, neratinib, trastuzumab
deruxtecan, margetuximab, tucatinib).

Trastuzumab deruxtecan (T-DXd) is a HER-2-targeting
antibody-drug conjugate approved for patients with ad-
vanced HER-2+ MBC based on the results from the
DESTINY-Breast01 study [18, 19]. According to the
DESTINY-Breast03 study, the most common treatment
emergent adverse event associated with treatment discon-
tinuation for T-DXd was interstitial lung disease / pneu-
monitis, while LVEF decline was seen in 2.7% [20]. Many
ongoing trials evaluate toxicity profile and safety of com-
bined anti-HER-2 agents. Ongoing DESTINY-Breast09 trial
will evaluate the efficacy and safety of trastuzumab derux-
tecan, either alone or in combination with pertuzumab, in
treating patients with HER-2-positive BC as a first line of
treatment (San Antonio Breast Cancer Symposium 2021
Abstract OT1-14-02).

The data obtained in our study related to cardiac tox-
icity, which was registered in 6.25% of the patients, are
comparable to those obtained in the CLEOPATRA study
[21]. In this study, the median follow-up time was longer
than 50 months, with reported left ventricular dysfunction
lower in the pertuzumab group than in the control group
(6.6% vs. 8.6%). The data on the toxicity of long-term use
of trastuzumab in daily clinical practice are of great im-
portance in decision making for patients’ treatment with
poorer performance status, comorbidities, older age, symp-
tomatic disease, or the combination of the aforementioned
characteristics. The patient population in daily clinical
practice is generally less selected or unselected compared
to randomized clinical trials, while data from these studies
may be somehow limited in terms of data generalization.
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The presented data are obtained mostly from observa-
tional studies prior to the introduction of dual anti-HER-2
therapy with pertuzumab/trastuzumab and taxanes as
standard of care in a first-line treatment setting for MBC
HER-2-positive patients. A particularly interesting research
area is a possible increase in cardiotoxicity due to dual
anti-HER-2 blockade. In addition, future trials for new
agents targeting HER-2 should focus on cardiotoxicity, as
they represent a new standard in subsequent treatment
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follow-up solution and can offer comprehensive care for
women cancer survivors [22].

CONCLUSION

The presented data are in correlation with the favorable
safety profile and tolerability of trastuzumab in patients
with MBC treated with prolonged trastuzumab therapy.
The low incidence of registered cardiac events confirms
the favorable safety profile of long-term therapy. However,
cardiac monitoring on regular intervals tailored to each
patient during and after treatment is necessary, especially
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KapamnotokcnuuHocT Kog ayrotpajHe aHT-XEP2 Tepanuje Tpactysymabom y cayuajy
60necHMKa ca MeTacTaTCKUM KapLuUMHOMOM A0jKe No3uTUBHUM Ha XEP2 — nogauu u3
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CAMETAK

YBopa/LUwm OBa aHanm3a rMa 3a Lb fa UCTPaXKN KapaUOTOK-
CMYHOCT fyroTpajHe Tepanuje TpacTy3ymabom kop 6onecHnKa
Ca MeTacTaTCKUM KapLMHOMOM [J0jKe NO3UTUBHMM Ha XEP2.
Metoge Cryavja je peTpOCNEeKTMBHO aHanu3unpana 48 6one-
CHULA Ca METAaCTaTCKUM KapLIMHOMOM [J0jKe MNO3UTUBHUM Ha
XEP2. bonecHuuym cy npumanu gyrotpajHy aHTu-XEP2 Tepanujy
TpacTy3ymabom (Bpeme npumeHe ayxe of 20 meceun). AHa-
nusmpaHe cy cnepehe KapakTepucTrke 6onecHrKa: CTapocT,
MoYeTHU cTagujym 6onectu, npumeHa aHT-XEP2 Tepanuje
TpacTy3ymabom 1 aHTpaLVKAVHUMA Y afijyBaHTHOM KOHTEKCTY,
6poj 11 BpCTa anmLypaHnx CUCTEMCKIX Tepaniija KOHKYPEHTHO
ca TpacTy3ymabom y nieyetby MeTacTaTcke 6onectu. KapawvjanHa
TOKCUYHOCT je npoletbeHa Kopuwwhermem BpegHoOCTY 1eBo-
BEHTpUKynapHe ejekumoHe dpaxuuje (JIBED) y Tpn BpemeHcke
Tayke: Ha MOYeTKY, Ha CPeANHM 1 Ha Kpajy nepropa fieyerba
cBaKor bonecHyKa.
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Pesyntatu Kop 17 (35,4%) 6onecHKa neyere TpacTy3ymabom
je npuBpemeHo npekuHyTo. MpoceyHa BpegHocT JIBED-a 6una
je 66,73 +£7,02%, 64,62 + 5,7% n 63,44 £ 6,1%, NojeguHauHo.
MpoceyHe BpegHocTtn JIBED-a cy ce 3HauajHO pa3nukoBane y
eBanympaHe Tpy BpemeHcKe Tauke (F =4,9; p = 0,009). [MocT-xoK
aHanusa naposa, kopuwherwem boHpepoHujeBe KopeKkuuje,
nokasana je 3HauyajHo Huxe cpeprbe BpefHocTn JIBED-a Ha
Kpajy TpeTMaHa (Ha Kpajhoj Tauku), y nopehery ca cpefrbim
BpeaHocTrma JIBED-a Ha noueTky aHTU-XEP2 TpeTmaHa TpacTy-
3ymabom (p = 0,019), anv yHyTap pedpepeHTHe BpegHocTn JIBED-
a2 50%.

3akmpyuak Pesyntatn notephyjy fobap 6e36egHocHM npodun
pyrotpajHe aHT-XEP2 Tepanuje TpacTy3ymabom kop 6onecHvika
Ca MeTacTaTCKUM KapLMHOMOM [J0jKe NO3UTUBHUM Ha XEP-2'y
nornegy KapaMoTOKCUYHOCTH.

KmbyuHe peun: pak AojKe; KapAroTOKCUYHOCT; ejeKLoHa Gppak-
uuja; 6e36eAHOCT; TpacTy3ymab
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SUMMARY

Introduction/Objective Patients with rheumatoid arthritis (RA), osteoarthritis and fibromyalgia, alongside
chronic pain, often suffer from functional disabilities, as well as cognitive dysfunction.

The objective of this study is to compare the intensity of pain, symptoms of depression, anxiety, and
memory ability among rheumatic patients with chronic pain and to compare rheumatic patients to a
control group of healthy participants.

Methods The cross-sectional study, which included 110 (82 female; 28 male) patients with chronic pain,
was done at the Special Hospital for Rheumatic Diseases, Novi Sad. Depression was determined by Beck's
Depression Inventory, anxiety was diagnosed by Spielberger’s anxiety test, and memory was assessed
by the Wechsler Memory Scale.

Results Mean pain intensity in patients with fibromyalgia were statistically significantly higher compared
to patients with osteoarthritis and RA (p < 0.05). A statistically significant difference in the psychological
status of patients (p < 0.001) and patient memory (p < 0.05) with chronic pain was established, compared
to patients in the control group. There was no statistically significant difference in the psychological status
of patients, patient memory level, and pain intensity in patients with positive fibromyalgia test results in
comparison to rheumatic patients not meeting the criteria for fibromyalgia. Patients with osteoarthritis had
a statistically significantly lower memory coefficient in comparison to patients with RA and fibromyalgia.
Conclusion In RA, osteoarthritis, and fibromyalgia patients, clinical factors such as pain, depression, and
anxiety play an active role in cognitive impairment and should be considered when planning treatment.
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INTRODUCTION

Pain is an unpleasant and complex sensory and
emotional experience [1]. A mutual interaction
between pain and cognitive processing was de-
termined [1]. Pain impairs cognitive function-
ing, while cognitive functioning may reduce the
level of pain perception [1].

Chronic pain and depressive symptoms are
often associated clinically, and together they
make treating patients difficult. Depressive
symptoms could prolong duration of pain as
well as increase its intensity [2].

Depression and anxiety are psychiatric dis-
orders which could be associated with rheu-
matoid arthritis (RA), osteoarthritis (OA),
and fibromyalgia (FM). The explanation for
this association could be biological, possibly
cytokine-related, or it can be explained by pro-
longed negative impact of medical condition on
mental health of patient [3].

Cognitive impairment is defined by memory
loss, difficulties in learning new things, solving
problems, decision making, or problems with
concentration. There is evidence that RA influ-
ences cognitive processing [4].

Patients with chronic pain and FM have
deficits in working memory [5].

Several studies showed a high level of affec-
tive disorders in patients with chronic pain [6].
Severe depression is prevalent among patients
with chronic pain. With the development of
pain into a chronic condition, disorders such
as anxiety, anhedonia, sleep disorders, cognitive
impairments, and suicide may occur along with
negative emotional states [6].

Pain, anxiety, and depression may impair
work ability in different chronic rheumatic dis-
eases [7]. There is association of chronic pain
and neurocognitive impairment [7]. The pain
may cause an emotional distress, which also
contribute to reduce the patient ability to cope
with chronic pain self-management as well as
with the overall functioning [7]. However, it
is not easy to define the correlation between
pain and neurocognitive impairment. There is a
possibility that pain can cause cognitive impair-
ment or vice versa, that cognitive impairment is
associated with higher risk of chronic pain. [7]

The challenges of chronic disease could
potentially be decreased, and patient-orient-
ed care could be improved by interventions
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Table 1. Demographic characteristics and pain among groups

. RA RA
Characteristics co Medium DA High DA OA FM
N 30 26 14 40 30
3(10) 7 (26.92) 4 (28.57) 14 (35) 3(10)
Sex (n, %)
27 (90) 19 (73.08) 10(71.42) 26 (65) 27 (90)
Years (X = SD) 48.3 £ 6.42 47.81+7.53 4847 +5.9 59+ 10.31 55.1+12.71
Pain (X = SD) Without pain 53.19+£22.01 58.54 +19.25 52.10+18.79 *66.07 £22.05

X - mean value; SD - standard deviation; CO - control group; RA — rheumatoid arthritis; DA — disease activity; OA - osteoarthritis; FM - fibromyalgia;

*statistically significant (p < 0.05)

Table 2. Results of psychological tests in patients with chronic pain compared to the control group

Parameter co RA-MDA RA-HDA OA FM
BDI (X £ SD) 6.93 +4.49 16.39 + 12.65* 19.13 £10.25% 1272+ 8.4 18.18 £12.61*
STAI-S (X £ SD) 41.63+7.83 52.25+5.66 55.17 £5.01* 53.12+6.94 54.68 +6.34
STAI-T (X £ SD) 40.73 £8.01 49.06 £ 6.86 50.04 £6.84 49.15+6.24 49.32+6.57
WMS (X £ SD) 136.37 £ 6.07 125.11 £ 14.18% 124.08 + 13.03* 108.95 + 19.05** 123.75 £ 15.39*

X - mean value; SD - standard deviation; CO - control group; DA - disease activity; RA - rheumatoid arthritis; MDA - medium disease activity; HDA - high disease
activity; OA - osteoarthritis; FM - fibromyalgia; BDI - Beck’s Depression Inventory; STAI-S — Spielberger Trait Anxiety Inventory State; STAI-T - Spielberger Trait

Anxiety Inventory Traité; WMS — Wechsler Memory Scale;
*statistically significant (p < 0.05);
**highly statistically significant (p < 0.001)

focused on the symptoms. To adequately inform clinical
practice, additional studies of treatment interventions are
necessary. Continued workplace engagement in patients
with chronic health conditions could be supported by fur-
ther improvement of workplace accommodation and other
such interventions [8].

METHODS

The study included 110 (40 with RA, 40 with OA, 30 with
secondary FM) (82 female, 28 male) patients with chronic
pain. The control group consisted of 30 healthy subjects
(CO group). The research was started in April of 2021 and
finished in November of 2021, in the Special Hospital for
Rheumatic Diseases, Novi Sad. The RA group satisfied the
criteria for the diagnosis of RA of American College of
Rheumatology Association (2010 ACR/EULAR criteria)
[9], the FM group met the modified ACR criteria [10], and
the OA group met ACR criteria [11, 12, 13]. The exclu-
sion criteria were as follows: neurological and psychiatric
diseases, hearing impairment, dementia, head trauma,
any use of psychoactive substances and antidepressants
at least a month before the study. The data from history,
clinical examination, and questionnaires were used in the
study. The following parameters were collected in the RA
group: joint pain defined by a visual analogue scale (VAS)
of 0-100 mm, painful and swollen joint count, erythrocyte
sedimentation rate, and Disease Activity Score (DAS 28),
which divided patients into two groups (RA-MDA - me-
dium disease activity - DAS 28 > 3.2 < 5.1; and RA-HDA
(high disease activity — DAS 28 > 5.1). The test for evalu-
ation of emotional manifestations, Spielberger’s anxiety
test (Spielberger Trait Anxiety Inventory State and Trait),
was applied for determination of anxiety, which includes
STAI-S and STAI-T questionnaires for standardized
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measurement of current and general anxiety. A score below
or equal to 30 points defines a low level of anxiety, while
a score of 31-44 indicates a moderate level, and a score
above 45 represents a high level of anxiety. Beck’s depres-
sion scale (Beck’s Depression Inventory — BDI) was used
for the evaluation of depression. BDI total score defines
the severity of depression. The scores above 30 imply se-
vere clinical depression. Wechsler Memory Scale (WBsp
Form 1) was used to detect verbal and non-verbal memory
functioning with correction for the age group.

The study has been approved by the Ethics Committee
of the Special Hospital for Rheumatic diseases, Novi Sad,
Serbia (ethical approval number 14/28-5/1-21).

Statistical methods

The descriptive statistics measures were applied as fol-
lows: mean, frequency, measures of variation. Parametric
(Student’s t-test) and nonparametric (Mann-Whitney test,
x* test) were used to compare two groups. The analysis of
variance ANOVA and Kruskal-Wallis test were used to
compare three or more groups. Pearson correlation coef-
ficient was used for correlation of continuous variables.

RESULTS

There were 40 patients with RA (26 RA-MDA; 14 RA-
HAD), 40 patients in the OA group, and 30 patients in the
FM group, as well as the control group consisting of 30
subjects of good health (CO group) who had no significant
age difference in comparison to the chronic pain groups
(CV < 30) (Table 1). The average pain intensity values de-
termined using VAS were statistically significantly higher
in patients with FM than in patients with RA and patients
with degenerative disorders (Table 1).

www.srpskiarhiv.rs ‘



34

Average depression score assessed by BDI was
7.41 £ 0.84 in the CO group, 16.39 + 12.65 in the RA-MDA
group, 19.13 + 10.25 in the RA-HDA group, 12.72 + 8.4
in the OA group, 18.18 £ 12.61 in the FM group (Table
2). There was statistically significant difference of depres-
sion scores between all three groups and the control group
(p < 0.001) (Table 2), and a statistically significant differ-
ence of the depression scores between the FM, RA-HDA,
RA-MDA, and OA group (p < 0.05) (Table 2).

Average state anxiety score assessed by STAI-S test was
41.63 + 7.83 in the CO group, 52.25 + 5.66 in the RA-MDA
group, 55.17 + 5.01 in the RA-HDA group, 53.12 + 6.94
in the OA group, and 54.68 + 6.34 in the FM group.
Statistically significant difference in state anxiety scores
were found between all three groups and the control group
(p < 0.001) (Table 2). However, no statistically significant
difference in state anxiety scores were detected between
the groups of patients with chronic pain (Table 2).

Average general anxiety score by STAI-T test was
40.73 + 8.01 in the CO group, 49.06 + 6.86 in the RA-MDA
group, 50.04 * 6.84 in the RA-HDA group, 49.15 + 6.24 in
the OA group, 49.32 * 6.57 in the FM group. Statistically
significant difference of general anxiety scores was found
between the control group and all three groups of patients
with chronic pain (p <0.001) (Table 2).

The results of the STAI-S test differ in patients with RA
grouped against DAS 28 disease activity (RA-MDA, DAS
28 > 3.2 < 5.1; RA-HAD, DAS 28 > 5.1); no differences in
BDI, STAI-T, WMS in relation to activity of the disease in
patients with RA were found (Table 2).

There was a statistically significant difference in
memory coefficients using the Wechsler Memory Scale
between RA patients (RA-MDA 125.11 + 14.18; RA-
HDA 124.08 + 13.03; OA group 108.95 + 19.05; FM
123.75 £ 15.39) and healthy controls (136.37 + 6.06)
(RA vs. CO p < 0.05; FM vs. CO p < 0.05), (OA vs. CO
p < 0.001). The statistically significant lower memory val-
ues were present in the OA group compared with the RA
and the FM group (p < 0.001).

DISCUSSION

Our results showed the highest depression score (BDI)
and current and general anxiety score (STAI -S / STAI-T)
in patients with RA-HDA, and the lowest BDI score in
patients with OA.

Patients with RA have a high prevalence of psychiatric
comorbidities, which aligns with our findings. The lifetime
prevalence of depression is estimated to be 41-66%, and
for anxiety disorders it amounts to 70% [14, 15, 16].

By examining the differences in the degree of anxiety
and depression of patients with RA and the control group,
a statistically significant difference was established in the
coefficients of depression among people with RA (BDI,
RA-MDA 16.39 + 12.65; RA-HAD 19.13 £ 10.25), and CO
(6.93 + 4.49) (p < 0.001), as well as in instantaneous scores
(STAI-S) and general anxiety (STAI-T) (p < 0.001), which
is in accordance with the literature data [17, 18].

‘ DOI: https://doi.org/10.2298/SARH211109004T
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Ozcetin et al. [19] compared patients with RA, FM, and
knee OA in regards to anxiety and depression, and found
the highest average BDI score in FM patients and the low-
est in patients with OA knee, the lowest values of anxiety
in FM, and the highest in RA.

FM often coexists with RA, which we can see in our
results. Of the 30 patients with a positive test for FM, 25
(83.33%) already had a diagnosis of RA. These results are
confirmed by the research of Wolfe et al. [20], which in-
dicate a significant prevalence of FM and FM-associated
tindings in patients with RA.

We noted statistically significantly higher scores for
anxiety and depression as well as the lower values of
memory coefficients in people with FM compared to the
CO group, which was found in previous studies [21, 22].
Cognitive impairment was found in patients with FM,
which is contrast to the healthy controls, and the level of
emotional disorders (depression and anxiety) may explain
the heterogeneity of studies [23].

Additionally, data from the literature indicate that most
patients with FM who have anxiety and depression also
have poor quality of life and do not have adequate social
support [24].

Our study did not find a statistically significant differ-
ence in the psychological status of patients (depression,
current and general anxiety of patients), patient memory
level, and intensity of pain in patients with positive FM
test results in comparison to patients with rheumatic dis-
eases who do not meet the criteria for FM. In contrast, the
findings of Katz et al. [24] found that in patients with FM
there are more incidences of memory impairment (70.2-
24.6%), mental confusion (56.1-12.3%), and speech dif-
ficulty (40.4-3.5%), compared to patients with rheumatic
diseases who do not meet the criteria for FM.

Our results also showed statistically significantly lower
values of memory coefficients in patients with chronic pain
(RA vs. CO p < 0.05), (OA vs. CO p < 0.001), (FM vs. CO
p < 0.05) compared to the CO group. The previous study
on cognitive impairment in patients with RA compared
to healthy subjects indicates a higher incidence of the
presence of memory problems in patients with RA [25].
Furthermore, Roldan-Tapia et al. [26] have shown that
patients with RA and FM developed substantial cognitive
impairments, which could not be easily explained by the
pathology of these chronic diseases.

Our results have shown that patients with OA had sta-
tistically significantly lower memory level than patients
with RA and FM. The association between memory loss
and OA is not fully explored. OA and joint pain are clearly
linked with memory loss. The sleep and mood disorders
could be associated with memory loss [27].

Pain has an immense impact on functional capacity
and quality of life in patients with knee OA. The focus of
the assessment should not be solely on the afflicted organ,
but rather the importance should be given to functional
disorders (physical, emotional, social), which patients may
experience because of their illness [28].

The link between FM and depressive disorders could
be the similarity of symptoms, such as sleep problems and
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fatigue and shared biological and psychological mecha-
nisms [29].

It is likely that depression in patients with RA is not
only a consequence of the distress and disability caused
by RA, but also contributed to by immunological chang-
es. Targeting immunological pathways can, therefore, be
used to lessen the mental burden in addition to treating
RA. Regardless of immunological intervention, mul-
tidisciplinary approach including the psychiatrist and
psychologist support is important in successful disease
management [30]. Chronic pain is responsible for mak-
ing patients more susceptible to mood disorders that can
further deteriorate the perception, intensity, and duration
of nociception, thereby making treatment and diagnosis
more challenging [31]. Studies have shown that a genetic
predisposition to chronic pain is linked to an increased
risk of depression [32].
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CONCLUSION

Our study established a significant difference in the psy-
chological status of patients (depression, anxiety) and the
level of memory in patients with chronic pain (RA, OA,
FM) compared to the CO group. Patients with FM had
more intense pain compared to patients with OA and RA.
Patients with OA had significantly lower memory coef-
ficient values, as well as significantly lower average BDI
values compared to patients with RA and FM. These results
should be incorporated into the treatment approaches of
such chronic and debilitating conditions. Longitudinal
studies are required to confirm the cross-sectional find-
ings.
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Heyponcuxonowike MaHudecTtaumje Koa peymaToNoLKuX 601eCHUKA Ca XPOHUYHUM

6onom

CHexxaHa Tomalesuh-Togoposuh'?, TatjaHa Hoxuua-Pagynosuh?, Tamapa Monosuh?, Cawa Munuhesuh*, lamjaH Cauh’,

TnjaHa Cnacojesuh'?, Kcenuja bowkonh?®

'KnuHnykn ueHTap BojsoauHe, Knnhika 3a MeguumnHcKy pexabunutauujy, Hosu Cag, Cpbuja;

Ynusep3uTet y HoBom Cagy, MeanumHckn dakyntet, Hosu Cag, Cpbuja;

*YHusep3utet y barboj Nyuu, MegnunHckin dakyntet, 3aBog 3a dr3nKanHy MeauunHy 1 pexabunutauujy,lp Mupocnas 3otoBuh’,
PeymatonoLuko ogersete, bara Jlyka, Penybnuka Cpncka, bocHa n XepuerosuHa;

*YHuBep3uTet y MpuwtnHu - KocoBcka Mutposuua, MeanumHcki dakyntet, Kocoscka Mutposuua, Cpbuja;

*CneywjanHa 6onHnua 3a peymatcke 6onectrt Hosu Cag, Hosu Cag, Cpbuja

CAXKETAK

YBoa/Uum bonecHuum ca peymaTtongHUM apTpUTUCOM, OCTEO-
apTPUTUCOM 1 GOPOMIMjaNTIjOM YECTO MOPEA XPOHUYHOT 6ona
1Majy GYHKLMOHaNHY OHECMOCO6/bEHOCT, Kao 1 KOTHUTMBHE
auchyHKumje.

Linm paga je 6o nopeherbe nHTEH3MTeTa 60na, cMMITOMa
fenpecuje, aHKCMO3HOCTU 1 cnocobHOCTU Nnamhera nsmehy
6onecHrKa ca peyMaTcKum 6051eCcTuMa U XPOHUYHUM 6010M,
Kao 1 nopehere 6onecHnKa ca peymaTckum bonectmma ca
KOHTPOMHOM rPyMnoMm 34paBuX NCIUTAHVIKA.

Metope Cryagunja npeceka y Kojy je ykibyueHo 110 (82 xeHe, 28
MyLLKapaLa) 6onecHMKa ca XpOHUYHIM 60I0M CMpOoBefEeHa je
y CneuujanHoj 6onH1LKM 3a peymatcke 6onectn y Hosom Cagy.
[lenpecuja je npouerrBaHa NnpumeHom bekoBe ckane, aHKCK-
03HOCT Kopuwwherbem CnivnbeprepoBor yNUTHUKA, MemMopuja
nprMmeHom BekcnepoBe ckane memopuije.

PesynTtatu Cpeare BpeAHOCTM UHTEH3MTETa 6oa Kof bone-
CHYIKa ca drbpomujanrujom bune cy CTaTUCTUYKY 3HaUajHO BULLE

DOI: https://doi.org/10.2298/SARH211109004T

Y OfHOCY Ha 6oniecHUKe ca 0CTE0APTPUTIICOM N PEYMATOVAHUM
aptputrcom (PA) (p < 0,05). YTBphHeHa je CTaTncTryKmM 3HavajHa
pasnuka y ncuxonowwkom cratycy (p < 0,001) n namherby 6one-
CHYKa (p < 0,05) ca XPOHWMYHUM 60/IOM Y O[HOCY Ha BonecHVKe
Y KOHTPOJTHOj rpynu. Huje 61no cTaTMCT KM 3HauajHe pasnike
Y NCYXOMOLLKOM CTaTyCy, H1BOY Mamherba 1 HTeH3uTeTy 6ona
Ko 6onecHvKa ca cekyHaapHoM Gubpommnjanrmjom y ogHo-
cy Ha 6onecHuike ca PA Koju He ncnytbaBajy Kputepujyme 3a
drnbpommjanrujy. BonecHuumM ca oCTE0APTPUTACOM UManU Cy
CTaTUCTUYKM 3HAYajHO HUXM KoedULIjeHT Memopuje Yy ofHOCY
Ha 6onecHuke ca PA n pubpomujanrujom.

3akmyyak Kop 6onecHuka ca PA, octeoapTtputmcom, 1 pnbpo-
MWjanrnjom, KNIMHNYKN GpakTopm Kao wTo cy 6on, fenpecuja
1 @aHKCMO3HOCT Wrpajy 3HauajHy ynory y KorHUTUBHUM Mope-
Mehajrma, Te 61 Ha To Tpebano 06PaTUTK NaxHy NPY NaHK-
patby fieyetba.

KrmbyuHe peuu: XpoHyyHuM 6071; peymatcke 6onectu; emoumje;
memopwja
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SUMMARY

Introduction/Objective Although lymphocyte immunophenotyping based on flow cytometry is a
powerful tool in the diagnosis of many primary immunodeficiences (PID), there has been an increasing
awareness of associated costs and the need for its reassessment as a screening tool.

We present the results and diagnostic impact of immunophenotyping performed by flow cytometry in
the University Children’s Hospital, Belgrade, in a series of patients referred from the Institute for Child
and Youth Health Care of Vojvodina from July 2008 to July 2018.

Methods We reviewed the laboratory reports on numbers of B lymphocytes (CD19+), T lymphocytes
(CD3+4), natural killer cells (CD3-CD16/CD56+) and activated T cells (CD3+HLA-DR+), as well as CD4+
and CD8+ T cells in 198 children.

Results Patients were grouped by stated indication into the following eight categories: hypogamma-
globulinemia (34), selective IgA deficiency and/or IgG subclass deficiency (43), various infections with
no immunoglobulin deficiencies (67), asthma and/or allergies with no immunoglobulin deficiencies or
infections (23), known or suspected autoimmune disorders (24), and miscellaneous diagnoses not ac-
companied by infections (7). In total, 159 (80.3%) findings were either completely within the respective
reference range or exhibited only minimal aberrations. Four patients were diagnosed with Bruton'’s disease
and one with Artemis immunodeficiency. Nineteen patients were given immunoglobulin substitution
to control infections and/or maintain immunoglobulin G levels.

Conclusion Lymphocyte immunophenotyping aids the diagnosis of PID in selected patients. We venture
some thoughts on how the usefulness of this laboratory method could be improved in real-life tertiary

care pediatric hospital settings.

Keywords: immunophenotyping; flow cytometry; lymphocytes; immunodeficiency; children

INTRODUCTION

Immunophenotyping of blood lymphocytes by
flow cytometry is a valuable diagnostic tool in
many primary and some secondary immuno-
deficiencies. In its basic capacity, this method
usually yields information about absolute
and relative abundances of main lymphocyte
populations: B lymphocytes (CD19*), T lym-
phocytes (CD3*) and natural killer (NK) cells
(CD3-CD16/CD56"), as well as main T-cell
subpopulations (CD4* helper T cells and
CD8" cytotoxic/suppressor T cells, with calcu-
lation of the CD4:CDS8 ratio), and the percent-
age and absolute number of activated T cells
(CD3*HLA-DR?"). A rare, but diagnostically
important subpopulation of “double negative”
T cells (CD4-CD8") can also be detected [1].
Primary immunodeficiency disorders (PID)
that can be diagnosed and evaluated in this way
include severe combined immunodeficiency,
Omenn syndrome, Wiskott—Aldrich syndrome,

agammaglobulinemia (X-linked or autosomal
recessive), and primary NK cell deficiencies,
while in many other PID immunophenotyp-
ing can significantly contribute to the estab-
lishment of diagnosis or the assessment of
disease severity [2]. This is particularly true
for 22q11.2 deletion syndrome (Di George
syndrome), where enumeration of immune
cells is an obligatory part of patient workup [3,
4], and autoimmune lymphoproliferative syn-
drome (ALPS; [5, 6]. Likewise, in children (as
in adults) with hypogammaglobulinemia, selec-
tive IgA deficiency or IgG subclass deficiency,
most diagnostic protocols require a checkup of
absolute number of B cells in order to uncover
potential B-cell immunodeficiencies [7, 8]. In
addition, many other PID, such as hyper-IgM
syndrome, are amenable to diagnosis by flow
cytometry using antibodies specific to the mol-
ecule with impaired expression [9].

Among secondary immunodeficiencies,
by far the most important indication for
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immunophenotyping is the need for enumeration of CD4*
T lymphocytes in human immunodeficiency virus-infected
persons [10]. The method is also used in monitoring the
effects of immunosuppressive treatment, particularly when
rituximab is administered, or planned to be administered
[11]. In other secondary immunodeficiency settings, im-
munophenotyping usually plays only a limited diagnostic
role; it is, however, often necessary to perform it in order
to rule out (some) PID in cases when the etiology is less
than clear [12]. It should be emphasized that, according
to most diagnostic protocols and recommendations, im-
munophenotyping does not constitute a first- (nor even a
second-) level laboratory test [13, 14, 15]. Following the
appropriate ordering of tests is crucial for both diagnostic
efficiency and cost-effectiveness. On the other hand, early
diagnosis of PID is imperative, since it is a major determi-
nant of long-term prognosis.

In this paper, we present the general results and diag-
nostic impact of immunophenotyping performed by flow
cytometry in the Laboratory for Immunology, University
Children’s Hospital, Belgrade, in a series of patients re-
terred by immunologists from the Child and Youth Health
Care of Vojvodina.

METHODS

We reviewed the laboratory reports of 198 children aged
from two months to 16 years (76 girls and 122 boys)
who were referred by a pediatric immunologist from the
Institute for Child and Youth Health Care of Vojvodina for
immunophenotyping of peripheral blood lymphocytes to
the University Children’s Hospital in the period from July
2008 to July 2018.

Briefly, immunophenotyping was performed on
Beckman Coulter FC500 Flow Cytometer (Beckman
Coulter Inc., Brea, CA, USA) using commercial fluo-
rochrome-conjugated monoclonal antibodies (Miltenyi
Biotec, Bergisch Gladbach, North Rhine-Westphalia,
Germany) with specificity to human molecules CD3,
CD4, CDS8, CD16, CD19, CD45, CD56 and HLA-DR.
Lymphocyte population was gated on the diagram repre-
senting the intensity of CD45 expression and side scatter.
In this population, percentages of B lymphocytes (CD19"),
T lymphocytes (CD3*), NK cells (CD3-CD16/CD56%)
and activated T cells (CD3*HLA-DR") were determined.
Absolute numbers of these subpopulations were calculated
based on total lymphocyte number determined using an
automated cell counter. The CD4/CD8 ratio was also cal-
culated. Measured abundances of all subpopulations were
compared to age-specific reference ranges [16]. For the
purpose of this study, we separately evaluated deviations
from reference values in the following categories: increase
in absolute number of T, B, or NK cells, and alterations of
the CD4/CDS8 ratio not accompanied by abnormal absolute
number of CD4* or CD8" cells. These were designated as
minimal aberrations (MA).

This paper has been approved by the Ethical Committee
of the University Childrens Hospital in Belgrade.

‘ DOI: https://doi.org/10.2298/SARH220823108)J

Jankovic S. et al.

RESULTS

According to stated indications for analysis, all patients
can be grouped into following eight categories: hypogam-
maglobulinemia (34), selective IgA deficiency and/or IgG
subclass deficiency (43), various infections with no im-
munoglobulin deficiencies (67) asthma and/or allergies
with no immunoglobulin deficiencies or infections (23),
known or suspected autoimmune disorders (24), and mis-
cellaneous diagnoses not accompanied by infections (7).
The miscellaneous category was comprised of one child
with short bowel syndrome after ileostomy performed af-
ter repeated episodes of gastroenterocolitis of unknown
etiology in infancy, one with ill-defined neutrophil defects
and a developmental disorder, one with ataxia, one with
unexplained lymphocytosis, one with fever of unknown
origin and one whose records, including reasons for refer-
ral, have been lost.

All investigated populations were found to be in their
reference ranges in 11 (32.4%) of patients with hypogam-
maglobulinemia; 23 (53.5%) of patients with selective IgA
deficiency and/or IgG subclass deficiency; 32 (47.8%) of
patients with infection without immunoglobulin deficien-
cies; 14 (60.9%) of patients with asthma and/or allergies
with no immunoglobulin deficiencies or infections, 11
(45.8%) of patients with autoimmune disorders and four
(57.1%) patients in the miscellaneous group, for a total of
95 (48.0%) completely normal findings overall.

However, when we add to normal findings those in the
MA category, as defined above, the numbers of patients
with unremarkable immunophenotype were as follows:
26 (76.5%) of patients with hypogammaglobulinemia; 40
(93.0%) of patients with selective IgA deficiency and/or
IgG subclass deficiency; 51 (76.1%) of patients with infec-
tion without immunoglobulin deficiencies; 17 (73.9%) of
patients with asthma and/or allergies with no immuno-
globulin deficiencies or infections, 19 (79.2%) of patients
with autoimmune disorders and six (85.8%) patients in the
miscellaneous group, for a total of 159 (80.3%) findings
that are either completely within the respective reference
range or exhibit only MA.

By year of analysis, the proportion of normal findings
was 2/5 (40%) in 2008, 3/5 (60%) in 2009, 2/5 (40%) in
2010, 2/12 (16.7%) in 2011, 2/8 (25%) in 2012, 1/9 (11.1%)
in 2013, 6/11 (54.5%) in 2014, 16/28 (57.1%) in 2015, 23/46
(50%) in 2016, 35/43 (81.4%) in 2017, and 10/26 (38.4%)
in 2018.

B-cell defects

A reduced absolute number of B cells (CD19") was found
in eight patients (23.5%) with hypogammaglobulinemia
(five of whom, or 14.7% of all hypogammaglobulinemia
patients, had severely decreased number of B cells, defined
as < 2% of total lymphocytes); two (4.6%) patients with
selective IgA deficiency and/or IgG subclass deficiency;
eight (11.9%) patients with infections, two of whom (3%)
had a severe decrease (with one of those two showing
prompt recovery of B-cell number, returning to normal
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range on follow-up examination two months later); three
(13%) patients with asthma/allergies; six (25%) patients
with autoimmune disorders, one of whom with pancyto-
penia (4.1%) had a severe decrease exhibiting a reduction
of all lymphocyte subpopulations, with recovery on subse-
quent investigations (although the absolute B-cell number
was rather slow to normalize, remaining somewhat below
the reference range after two months); and none of the
patients in the miscellaneous group. An increase in the
absolute number of B lymphocytes, regarded as MA in
this study, was noted in two patients (5.9%) with hypo-
gammaglobulinemia, one patient (2.3%) from the selective
IgA deficiency/IgG subclass deficiency group, two patients
(3%) with infections, and one patient (4.2%) in the auto-
immunity group.

Among the patients immunophenotyped for hypogam-
maglobulinemia, four were genetically diagnosed with
a hereditary B-cell defect (Bruton’s disease), while one
turned out to have a combined (Artemis) deficiency. All
of those five patients had relative B cell numbers below 2%.

T-cell defects

The absolute number of T cells (CD3") was found to be
below the lower boundary of the age-appropriate reference
range in one patient with hypogammaglobulinemia (2.9%),
one patient in the infections group (1.5%), two patients
with autoimmunity (4.2%) and one patient in the miscel-
laneous group (14.3%). On the other hand, an increase of
the absolute number of T cells above the reference range
(MA finding) was noted in two patients with hypogam-
maglobulinemia (5.6%), three patients with selective IgA
deficiency and/or IgG subclass deficiency (7%), one patient
with allergies/asthma (4.3%), 10 patients with infections
(14.9%), one patient with autoimmunity (4.2%), and one
patient in the miscellaneous group (14.3%).

The patient with reduction in both T and B lymphocytes
was diagnosed with Artemis deficiency, as noted above.

The CD4/CD8 ratio was reduced in four patients with
hypogammaglobulinemia (11.8%), two patients with selec-
tive IgA deficiency and/or IgG subclass deficiency (4.7%),
two patients with allergies/asthma (8.7%), 12 patients with
infections (17.9%), and four patients with autoimmunity
(16.7%). Of these, the absolute number of CD4* T cells was
reduced in just one patient from the infections’ group and
one from the autoimmunity group. Conversely, the CD4/
CD8 ratio was found to be increased in two patients with
hypogammaglobulinemia (5.6%), three (6.8%) patients
with selective IgA deficiency and/or IgG subclass defi-
ciency (7%), three (13%) patients with allergies/asthma,
two patients with infection, two patients with autoimmune
phenomena (8.3%), and one patient classified as miscel-
laneous (14.3%). In all of the above instances except one
patient with hypogammaglobulinemia, increased CD4/
CD8 ratio was not accompanied with a reduction of the
absolute number of CD8* T cells below the reference range,
and were therefore regarded as MA.

An increased number of activated T lympho-
cytes (CD3*HLA-DR*) was noted in one patient with
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hypogammaglobulinemia (2.9%), one patient with selec-
tive IgA deficiency and/or IgG subclass deficiency (2.3%),
six patients with infections (9.0%), and two patients with
autoimmune disorders (8.3%).

Natural killer cell deficiency

A reduction in the absolute number of NK cells was found
in one patient (2.9%) in the hypogammaglobulinemia
group, two (8.7%) of patients in the asthma/allergy group,
five (7.5%) in the infections group, and three (12.5%) in
the autoimmunity group.

Hypogammaglobulinemia

As noted above, out of 34 patients in this category, eight
(23.5%) had a reduced number of B cells, including five
(14.7%) with severe reduction. The remaining 26 (76.5%)
patients had normal or MA findings. Apart from five pa-
tients with genetically confirmed primary immunodefi-
ciencies, who were all in this group, five more patients
received immunoglobulin substitution, one of whom had
a moderately decreased B-cell count. Thus, immunoglobu-
lins were received by 10 (29.4%) children with hypogam-
maglobulinemia overall.

Selective IgA/IgG subclass deficiency

In this group, as noted above, two (4.6%) patients had a
reduction of absolute number of B cells, while one (2.3%)
had an increased number of activated T lymphocytes. The
remaining 40 (93%) patients had either normal or MA im-
munophenotype. Substitution therapy was introduced by
attending immunologist in 13 patients in this group: one
patient with selective IgA deficiency solely and a B-cell
count decrease, three patients with both IgA and IgG
subclass deficiency and nine with IgG subclass deficiency
alone, all of whom had normal B-cell counts.

Asthma/allergy with no immunoglobulin
deficiencies or infections

Three (13%) patients in this group demonstrated reduced
B-cell numbers, one of whom also had a reduction of NK
cells. Another patient (4.3%) had an isolated reduction of
NK cells. In addition, two (8.7%) patients had an increased
number of activated T cells. The remaining 17 (73.9%) pa-
tients had normal or MA findings. Out of 23 patients with
isolated asthma/allergy, none received immunoglobulin
substitution.

Asthma/allergy combined with immunoglobulin
deficiencies, infection or autoimmunity

In addition to the 23 patients with isolated asthma/al-
lergy, 15 patients had asthma or allergy combined with
hypogammaglobulinemia. Of these, 13 (86.7%) had nor-
mal findings or MA, one had a significant reduction of
B-cell number (diagnosed as Bruton’s disease), and one
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had a combined reduction of B and T-cell numbers with
subsequent recovery. Another 15 patients had a combina-
tion of asthma/allergy and selective IgA deficiency, with
14 (93.3%) exhibiting normal/MA immunophenotype and
the remaining one a modest reduction of B cells. Thirteen
children had a combination of asthma/allergy with IgG
subclass deficiency. In this group, all findings were either
normal or MA. Eighteen patients had a combination of
asthma/allergy and infection without immunoglobulin
abnormalities, twelve of whom had normal and three MA
tindings (83.3%). Two patients had increased number of
activated T lymphocytes, one had moderate reduction in
both B and NK cells. All six patients whose asthma/allergy
was combined with autoimmunity had findings within the
reference range.

Infections with no immunoglobulin deficiencies

In this group, eight (11.9%) patients had a decreased num-
ber of B cells, (with one of those two showing recovery of
B-cell number, returning to normal range on follow-up
examination two months later) and another patient is lost
for follow-up. Three of eight patients with low number of
B cells also had a low number of NK cells. Low number of
NK cells was found in two additional patients (one who
also had a reduction of CD4* T cells and the other with
an isolated reduction of NK cells). Thus, in total, 5 (7.5%)
patients had a reduced number of NK cells. Six patients in
this group displayed an increased number of activated T
cells. The total number of patients in this group who had
normal or MA findings was 51 (76.1%). One patient with
asthma and bronchiectasis in this category received immu-
noglobulin substitution, with all investigated lymphocyte
populations within reference values.

Autoimmune diseases

Of the 24 patients with known or suspected autoimmune
diseases, 12 (50%) had connective tissue disorders. Eleven
of these (91.7%) had normal findings or MA, while one
showed an increased number of activated T cells. Five pa-
tients (20.8%) had inflammatory bowel disease, all with
normal/MA findings. Three (1.2%) were evaluated because
of cytopenias; two of them, with thrombocytopenia, had
a normal immunophenotype, while the third child, who
had pancytopenia, exhibited a reduction of all lympho-
cyte subpopulations attributable to the pancytopenia itself,
with recovery on subsequent investigations (although the
absolute B-cell number was rather slow to normalize, re-
maining somewhat below the reference range after two
months). The remaining four children were subjected to
immunological examination for various reasons: two for
lymphadenitis, one accompanied by erythema multiforme,
a combination of glomerulonephritis and Hashimoto thy-
roiditis, and isolated splenomegaly, respectively. They all
had normal findings or MA. None of these patients re-
ceived immunoglobulin substitution.
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DISCUSSION

Although lymphocyte immunophenotyping based on flow
cytometry is a powerful tool in the diagnosis of many pri-
mary immunodeficiencies, there has been an increasing
awareness of associated costs and the need for its reas-
sessment as a screening tool in the diagnosis of PID [17].

The results we present here constitute referrals by the
only tertiary center for immunodeficiencies for peripheral
blood lymphocyte immunophenotyping to the University
Children’s Hospital in Belgrade. Pediatric population of
the Autonomous Province of Vojvodina counts around
300,000 children, but we cannot exclude that patients from
Vojvodina were refereed to another tertiary care pediat-
ric institution in Belgrade directly, without being seen
by immunologists in Novi Sad. The exact prevalence of
primary immunodeficiencies in Serbia (or Vojvodina) is
unknown at this time. Using the data from the German
National Registry of Primary Immunodeficiencies (PID-
NET), where the minimal prevalence of PID is stated to be
2.72 per 100,000 inhabitants [18] we should expect 45-50
people with PID living in Vojvodina (approximately 1.7
million inhabitants). We actually found five patients with
genetically confirmed immunodeficiency and additional
19 patients requiring therapy for immunodeficiencies dur-
ing a ten-year period. In our patients, lymphocyte subpop-
ulation analysis was practically performed as an initial test,
together with immunoglobulin levels. As shown by our
results, this approach yielded a relatively low proportion
of findings of diagnostic importance. All patients except
one that were diagnosed with PID or received therapy suf-
fered from either hypogammaglobulinemia or IgG subclass
deficiency. Nineteen patients were given immunoglobulin
substitution in order to control infections or/and to main-
tain immunoglobulin G levels without confirmed immu-
nodeficiencies, an approach used by other authors as well
[19]. A moderately decreased B cell count was found in
only one patient in this group.

The rationale for our decision to subsume non-spe-
cific findings under the category of MA was that these
particular lymphocyte abnormalities are not, by itself,
diagnostic or strongly indicative of any particular PID
according to the guidelines of the European Society for
Immunodeficiencies [20]. In our experience, such findings
appear to be of quite limited clinical value, and thus we
considered the sum of patients with this type of findings
and those with all findings within the normal range infor-
mative regarding the diagnostic value of the analysis. Thus
only ~20% of analyses in this series resulted in “positive”
findings. Even among the latter, we noted that isolated
aberrations of NK cells also appear to be of limited value.
We have to emphasize that we did not have patients with
severe combined or other complex immunodeficiencies
where enumeration of NK cells might be of diagnostic sig-
nificance. NK cell deficiency-associated PID are quite rare,
and none of our patients with a low absolute number of
NK cells exhibited the clinical signs of respective disorders
(as stated in the European Society for Immunodeficiencies
guidelines), such as GATA2 deficiency, accompanied by
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susceptibility to mycobacteria, papillomaviruses, histo-
plasmosis and lymphedema [20]. Furthermore, the num-
ber of activated T cells (CD3*HLA-DR") usually reflects
ephemeral changes related to some current infection or
other factors. This might justify their inclusion in the MA
category, although T-cell activation status could be useful
as part of an extended immunophenotype, particularly in
patients with autoimmune disorders. Finally, reduction in
absolute numbers of CD4* or CD8* T cells was also rare
in our patients, and not particularly informative. We are
therefore inclined to agree with Dias et al. [17] that the
enumeration of the above subpopulations can, as a screen-
ing test, hardly be cost-effective on a large scale.
Furthermore, if we analyze the proportion of normal
findings by year of analysis, we did not see an increase in
“positive” findings, indicating that there was no change in
referral policy. However, here we must add a caveat that in
some cases (e.g., lymphopenia in the first months of life,
early-onset inflammatory bowel disease, or clinical suspi-
cion of a severe combined immunodeficiency) a normal
immunophenotype can be diagnostically important. We
would like to highlight the need for more precise guide-
lines and standardized indications for testing, as well as
for improving the communication between clinicians who
order tests and specialists who perform and evaluate them.
On the other hand, for the diagnosis of specific PID, a
more detailed immunophenotypic analysis is necessary:
one that would include further B- and T-cell subpopula-
tions (such as naive and memory cells) or subtypes (e.g.,
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Th1, Th2, Th17, Treg). Flow cytometry could also be help-
ful in the investigation of immune cell function (oxidative
burst, cytotoxicity), cytokine production, mitogen- or anti-
gen-induced cell proliferation, signaling pathways, or spe-
cific protein expression pertinent to the diagnosis of PID.
Such tests are planned to be introduced in our center in the
near future, highlighting the need to ensure that they will
be used in accordance with proper indications, supported
by relevant European Society for Immunodeficiencies or
other guidelines.

CONCLUSION

Lymphocyte immunophenotyping can contribute to the
diagnosis of PID in selected patients. However, the use-
fulness of this laboratory method in real-life tertiary care
pediatric hospital settings could be significantly improved
by strict adherence to indications and further integration
towards a comprehensive diagnostic approach.

ACKNOWLEDGEMENTS

We feel deeply bound by debt of gratitude to laboratory
technicians Branislav Dordevi¢ and Marija Lazovi¢ for
their invaluable contributions.

Conflict of interest: None declared.

immunodeficiency patients without monogenic defects. Scand J
Immunol. 2022;96(1):e13164.

[DOI: 10.1111/sji.13164] [PMID: 35305035]

Jani¢ D, Radlovi¢ N, Dokmanovic L, Krstovski N, Lekovi¢ Z, Jankovi¢
S, et al. Hyper-IgM syndrome in a boy with recurrent pneumonia
and hepatosplenomegaly. Srp Arh Celok Lek. 2009;137(1-2):81-5.
[DOI: 10.2298/5arh0902081j] [PMID: 19370972]

Zhao N, Zhang T, Zhao Y, Zhang J, Wang K. CD3+ T, CD4+T, CD8+
T, and CD4+T/CD8+T ratio and quantity of yoT cells in peripheral
blood of HIV-infected/AIDS patients and its clinical significance.
Comput Math Methods Med. 2021:8746264.

[DOI: 10.1155/2021/8746264] [PMID: 34925546]

Ellwardt E, Ellwardt L, Bittner S, Zipp F. Monitoring B-cell
repopulation after depletion therapy in neurologic patients.
Neurol Neuroimmunol Neuroinflamm. 2018;5(4):e463.

[DOI: 10.1212/NXI.0000000000000463] [PMID: 29707611]

Kwon WK, Choi S, Kim HJ, Huh HJ, Kang JM, Kim YJ, et al. Flow
cytometry in the diagnosis of primary immunodeficiency
diseases: a single-center experience. Allergy Asthma Immunol
Res. 2020;12(2):292-305. [DOI: 10.4168/aair.2020.12.2.292]

[PMID: 32009323]

Mahlaoui N, Warnatz K, Jones A, Workman S, Cant A. Advances

in the care of primary immunodeficiencies (PIDs): from birth to
adulthood. J Clin Immunol. 2017;37(5):452-60.

[DOI: 10.1007/510875-017-0401-y] [PMID: 28523402]

Van Dongen JJM, Van der Burg M, Kalina T, Perez-Andres M,
Mejstrikova E, Vikova M, et al. EuroFlow-based flowcytometric
diagnostic screening and classification of primary
immunodeficiencies of the lymphoid system. Front Immunol.
2019;10:1271. [DOI: 10.3389/fimmu.2019.01271] [PMID: 31263462]
Pieniawska-Smiech K, Pasternak G, Lewandowicz-Uszyniska A,
Jutel M. Diagnostic challenges in patients with inborn errors of
immunity with different manifestations of immune dysregulation.
J Clin Med. 2022;11(14):4220. [DOI: 10.3390/jcm11144220]

[PMID: 35887984]

www.srpskiarhiv.rs ‘



42

16. Comans-Bitter WM, de Groot R, van den Beemd R, Neijens HJ,
Hop WC, Groeneveld K, et al. Immunophenotyping of blood
lymphocytes in childhood. Reference values for lymphocyte
subpopulations. J Pediatr. 1997;130(3):388-93.

[DOI: 10.1016/50022-3476(97)70200-2] [PMID: 9063413]

17. Dias ALA, da Silva RG, Cunha FGP, Morcillo AM, Lorand-Metze |,
Vilela MMDS, et al. Managing costs in primary immunodeficiency:
minimal immunophenotyping and three national references.
APMIS. 2019;127(4):228-35. [DOI: 10.1111/apm.12932]

[PMID: 30908772]

18. El-Helou MS, Biegner AK, Bode S, Ehl SR, Heeg M, Maccari ME, et

al. The German National Registry of Primary Immunodeficiencies

Jankovic S. et al.

(2012-2017). Front Immunol. 2019;10:1272.
[DOI: 10.3389/fimmu.2019.01272] [PMID: 31379802]

19. Driessen GJ, Dalm VA, Van Hagen PM, Grashoff HA, Hartwig NG,
Van Rossum AM. Common variable immunodeficiency and
idiopathic primary hypogammaglobulinemia: two different
conditions within the same disease spectrum. Haematologica.
2013;98(10):1617-23. [DOI: 10.3324/haematol.2013.085076]
[PMID: 23753020]

20. Bousfiha A, Jeddane L, Picard C, Alial F, Bobby Gaspar H, Al-Herz
W, et al. The 2017 1UIS phenotypic classification for primary
immunodeficiencies. J Clin Immunol. 2018;38(1):129-43.

[DOI: 10.1007/s10875-017-0465-8] [PMID: 29226301]

[njarHoCTUYKK 3HaYaj UMyHOodeHoTUNM3aumje aumdouunTa nepudepHe KpBU Kog,
nepujatpujcknux 6onecHnka us AytoHomue MokpajuHe Bojsoaune, Penybamka

Cpbuja

Cpha JaHkosuh', ToppaHa Bujatos-hypuh*?, Augpea hypetuh?, bopko Munanosuh??, Mapuja hasuh', fparaHa JaHuh*

'YHuBep3uTeTCKa ievja KnnHrKa, beorpag, Cpbuja;

?Ynneep3utet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;
SMIHCTUTYT 3a 30paBCTBEHY 3aLITUTY fielie M oMnaguHe BojsoauHe, Hosu Cag, Cpbuja;
*UHCcTUTYT 32 OHKOMorMjy U paguonorujy Penyonuke Cp6uje, beorpag, Cpbuja

CAMETAK

YBog/Uum Maga je umyHodeHoTnM3aumja numooLmTa 3a-
CHOBaHa Ha MPOTOYHO] LMTOMEeTpUju MohHO opyhe y aujar-
HOCTULM MHOTUX NPYMapHUX UMyHoZedbuLmjeHLMja, MoCToju
HapacTajyha CBeCT 0 TPOLIKOBMMa KOje OBa MeToAa NMoBiaum
1 notpeba 3a NPencnuTUBabeM heHe ynore y CKPUHUHTY Ha
nomeHyTa obosbetsa. MprikasyjeMo pesyntate 1 AnjarHOCTAYKM
3Hayaj UMyHopeHOoTVNM3aLMje nomMohy NPOTOUHE LiToMeTpuje
u3BefeHe y MimyHonoLwikoj nabopatopuju YHBep3uTeTCKe Aevje
KnuHuKe y beorpapy kog cepuje 6onecHuka ynyhenmx us V-
CTUTYTa 3a 3[PaBCTBEHY 3aLUTUTY feLle 1 omaanHe BojsoanHe
y nepviogy oa jyna 2008. go jyna 2018.

Metope AHanu3npanu cMo nabopatopujcke Hanase 6poja b-
nmmdouuta (CD19+), T-numdoumta (CD3+), ypoheHo ybunaukix
henuja (CD3-CD16/CD56+) n aktnBrpaHux T-henwja (CD3+HLA-
DR+), kao n CD4+ n CD8+ T-henuja kop 198 peue.

Pesyntatu bonecHuum cy rpynvicaHu npema HasHaueHUM UH-
IuKauujama y cnegehmx ocam Kateropuja: Xunoramarnooynu-
Hemuja (34), cenekTuBHa IgA neduumjeHumja n/vnn gedbuymnt
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notknace IgG (43), pas3He nHdekLuje 6e3 UMyHOrNOBYINHCKIX
peduupjeHumja (67), acTma n/unu anepruje 6e3 MyHornooby-
JINHCKUX AedmnumjeHumja unu nHdekumja (23), notpheHe nnm
CyCMneKTHe ayToVMyHcKe 6onecTu (24) 1 pasHe gujarHose Koje
Hucy 6une npaheHe nHdekumjom (7). YkynHo 159 (80,3%) Ha-
na3sa je y uenvHu 6uno y ogroapajyhem pepepeHTHom oncery
UK je NOKa3nBaso TeK MUHIMaHa oAcTynarba. Kog uetmpm
6onecHuKa je NocTaB/beHa AujarHo3a bpyToHoBe 6onecTy, a Kog
jenHor je oTkpuBeHa nMyHogeduLUmjeHLja ApTemnc. [leBeTHa-
ecT 6onecHwKa je NpumMano UMyHOrOBYSIMHCKY CynCTUTYLUjy
pagu cy3bujarba MHGeKLMja 1/vnn ogpXKaBaka HMBoa IgG.
3akmyuak /iImyHodeHoTVNM3aLMja nUMPoLMTa AONPUHOCK
AujarHocTnum nprmMapHx nmyHogeduumjeHumja kog ogabpa-
Hnx 6onecHuka. Mpunaxxemo ogpeheHa pasmuiubatba 0 ToMe
Kako 6y ce yumHaK oBe f1abopaTopujcke MeTofe y peanHum
yC/I0BMMa TepLmjapHMX NeanjaTpujcKkmx yCTaHoBa MOrao no-
60sbLLATL.

KmyuHe peun: umyHodeHoTMNM3aLMja; NPOTOYHa LuToMe-
Tpuja; nUMdoumnTH; MyHoZedMLMjeHLja; feLa
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SUMMARY

Introduction/Objective Hemophagocytic lymphohistiocytosis (HLH) is a severe hyperinflammatory
condition characterized by fever, splenomegaly, and cytopenias. Diagnosis of HLH requires at least five of
the eight criteria set by the Histiocyte Society and poses a significant challenge to physicians. HLH-2004
criteria include measurement of plasma levels of soluble receptor for interleukin-2 (sIL-2R), an invaluable
tool in the diagnosis of HLH, particularly because it can be measured swiftly and inexpensively.
Methods We retrospectively analyzed medical records of 45 pediatric patients (28 boys and 17 girls,
median age 8.1 years) who were investigated for suspected HLH in University Children’s Hospital in
Belgrade, during the period from 2012 to 2022.

Results Ten children were diagnosed with HLH, while 35 did not have HLH. All 10 HLH patients had
secondary HLH: eight suffered from infection or inflammatory condition, one from an autoimmune
disease, and one from malignancy. Level of sIL-2R was above the HLH-2004 cutoff value of 2400 IU/ml in
9/10 patients with HLH (sensitivity 90%) and 9/35 of patients who did not have HLH (specificity 74.2%).
Conclusion Soluble IL-2 receptor measurement is valuable in children suspected to have HLH. Sensitivity
and specificity of this analysis can be further improved by strict patient selection and a comprehensive

diagnostic approach.

Keywords: hemophagocytic lymphohistiocytosis; soluble IL-2 receptor; children

INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH)
is a severe and life-threatening hyperinflam-
matory condition characterized by fever, sple-
nomegaly and cytopenias, as well as elevated
serum ferritin levels, hypofibrinogenemia and
hypertriglyceridemia [1]. The cornerstone of
HLH pathogenesis is abnormal macrophage ac-
tivity causing overabundance of proinflamma-
tory cytokines, thought to be a consequence of
insufficient function of cytotoxic lymphocytes
(CD8" T cells and natural killer [NK] cells),
hampering the physiological termination of im-
mune response and initiating a vicious circle of
immune activation. Hemophagocytic lympho-
histiocytosis can be primary or secondary. The
former may occur as familial HLH or as part
of certain primary immune deficiencies, while
the latter can be triggered by a wide variety of
infectious, autoimmune, malignant, and other
conditions [2].

Diagnosis of HLH requires at least five of
the eight criteria set by the Histiocyte Society
(HLH-2004) and poses a significant challenge
to physicians, since one or more criteria may
be absent in some patients, particularly early in
the course of the disease, and timely treatment
is life-saving [3]. HLH-2004 criteria include

measurement of plasma levels of soluble recep-
tor for interleukin-2 (sIL-2R), a molecule shed
in great quantities by activated T cells, and thus
a marker of T-cell activation [4]. With a cut-off
value of 2400 IU/ml, sIL-2R measurement is
an invaluable tool in the diagnostic workup of
patients suspected to have HLH, particularly
because it can be measured swiftly and inex-
pensively. However, the real-life impact of sIL-
2R on the diagnosis of HLH may vary. We will
review plasma sIL-2R levels found in pediatric
patients investigated for HLH in the past 10
years and assess their diagnostic significance.

METHODS

We retrospectively analyzed medical records
of 45 pediatric patients (28 boys and 17 girls,
median age 8.1 years) who were investigated
for suspected HLH in University Children’s
Hospital, Belgrade, during the period 2012-
2022. Data on disease course and outcome,
initial and final diagnosis, treatment modali-
ties, status of HLH-2004 criteria (fever, spleno-
megaly, bi/pancytopenia, hemophagocytosis in
bone marrow, serum levels of fibrinogen, ferri-
tin and triglycerides), other relevant laboratory
parameters (cerebrospinal fluid findings [CSF],
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C-reactive protein [CRP], procalcitonin, transaminases
and activated partial thromboplastin time [APTT]) were
retrieved from the patients’ histories, as were the results of
immunological tests (cytotoxic lymphocyte function) and
genetic analyses, if performed.

Serum levels of sIL-2R were measured as part of the di-
agnostic workup. For this purpose, 2 ml of peripheral blood
was drawn in a tube containing 0.38% Na-citrate as antico-
agulant. Upon separating the serum by centrifugating the
samples at 1600 x g, the analysis was either performed on
the same day or the serum was kept frozen at -20°C for a
maximum of two months until the time of analysis. The level
of sIL-2R was measured by enzyme-linked immunosorbent
assay (ELISA; R&D Systems, Minneapolis, MN, USA) ac-
cording to the manufacturer’s instructions. The results were
expressed in standardized international units (IU/ml).

The values of appropriate parameters were expressed
as median, range and standard deviation. Statistical sig-
nificance of differences between patient groups was deter-
mined by two-tailed Mann-Whitney’s U test.

All procedures on human subjects were performed in
accordance with the Helsinki Declaration and were ap-
proved by the Ethical Committee of University Children’s
Hospital, Belgrade.

RESULTS

We classified all patients (n = 45) in four groups according
to the type of underlying condition:
1) detected or suspected infection or an inflammatory
state of unclear origin (n = 18);
2) known or suspected autoimmune disease (n = 10);
3) pre-existing malignant disease (n = 11);
4) a transplanted organ (n = 6).

Patients diagnosed with hemophagocytic
lymphohistiocytosis

The diagnosis of HLH was established in 10 patients (six
boys and four girls, median age 4.5 years). Of these, eight
were in the infection/inflammation group and one in the
autoimmune and malignant groups, respectively. All HLH
patients except one (9/10, 90%) had sIL-2R levels above
2400 IU/ml. All patients (10/10) were febrile, six (60%) had
an enlarged spleen, while seven (70%) displayed bi- or pan-
cytopenia. Hemophagocytosis was found in bone marrow
aspirate in four patients (40%). Hypofibrinogenemia was
present in six (60%), hypertriglyceridemia in five (50%),
and hyperferritinemia in eight patients (80%). Functional
capacity of cytotoxic T lymphocytes and NK cells was in-
vestigated in three patients, with results in the physiologi-
cal range. Genetic investigations for HLH (clinical exome
sequencing) were performed in one patient, who exhibited
two heterozygous variants of undetermined significance in
the UNC13D gene. Of the 10 HLH patients, one satisfied
six HLH-2004 criteria, while the remaining nine satisfied
five criteria. Median time from the onset of HLH to diag-
nosis was 2% weeks (range 1-8 weeks).
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In all 10 children, HLH was classified as secondary.
In three children, the underlying disorder was a clini-
cally diagnosed pneumonia (without identification of the
causative agent, although one child had a positive sero-
logic test for West Nile virus). In two children, clinical
and laboratory findings indicated a viral upper respira-
tory infection (with negative results of specific virological
tests). One child had septicemia/systemic inflammatory
syndrome (with sterile blood culture). This child also had
a positive serological test for Leishmania, but without the
finding of this organism on bone marrow examination.
One child had an antineutrophilic cytoplasmic antibody-
positive systemic vasculitis accompanied by respiratory
problems, with a positive serological test for Chlamydia
pneumoniae. One child had a positive serological test for
Epstein-Barr virus and clinical signs of Kawasaki disease.
One child developed secondary HLH during maintenance
therapy for acute lymphoblastic leukemia, while another
was eventually diagnosed with lymphoma.

Five children were treated according to HLH-2004
protocol for secondary HLH (dexamethasone and cyclo-
sporine without etoposide), two of whom also received
intravenous immunoglobulins enriched for IgM fraction.
The remaining four children were treated by glucocorti-
coids with or without intravenous immunoglobulins. In
total, disease had a fatal outcome in four children (40%),
while six (60%) recovered. Among the fatalities, one child
(aged 2 years 11 months) received glucocorticoids and died
of systemic vasculitis complicated by pneumonia five days
after the diagnosis of HLH. One child (aged 15 years one
month) suffered from acute lymphoblastic leukemia, also
received glucocorticoids, and died two months after the
onset of secondary HLH. One child had unexplained sep-
ticemia/systemic inflammatory response syndrome (age 12
years 11 months), was treated by dexamethasone, cyclo-
sporine and immunoglobulins, and died two weeks after
the diagnosis of HLH. One child (age 13 years six months)
was treated with dexamethasone and cyclosporine and died
after being transferred to another center; the underlying
disorder was later determined to be lymphoma.

Patients who were not diagnosed with
hemophagocytic lymphohistiocytosis

Among the 35 children who did not have HLH, 6 (17.1%)
tulfilled only one HLH-2004 criterion, 11 (31.4%) fulfilled
two criteria, 12 (34.3%) three, three (8.6%) four, two (5.7%)
five, and one (2.9%) six criteria. The three children with
5-6 criteria were not deemed by their physician to suf-
fer from HLH, and were given other diagnoses (febrile
neutropenia complicated by sepsis in two children with
leukemia, and a poorly defined viral infection in the re-
maining child).

In this group, six children died: four with malignant dis-
ease (three with acute leukemia and one with Langerhans
cell histiocytosis), one as a consequence of systemic cyto-
megalovirus infection complicated by acute respiratory
distress, and one child with transplanted kidney who was
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killed in a traffic accident unrelated to medical issues. Only
two of these six patients (both with leukemia) had an sIL-
2R level above 2400 IU/ml. One of these two did fulfill five
HLH-2004 criteria, although his condition was attributed
to disease progression and not HLH. The other child had
three criteria.

Levels of soluble IL-2 receptor

Median level of sIL-2R in patients with HLH was 3489.3
(range 2101.0-5536.0 IU/ml, SD 1664.9 IU/ml). This was
significantly higher (p < 0.01) compared to patients without
HLH (1145.0; range 0.0-8955.0 IU/ml, SD 1663.1 IU/ml).
Highest levels of sIL-2R were found in the infection/in-
flammation group (2921.5; range 328.0-8955.0 IU/ml,
SD 2044.2 IU/ml), followed by malignancy (1425.0; range
322.0-4110.0, SD 1366.3 IU/ml), autoimmunity (1103.5;
range 0.0-2872.0 IU/ml, SD 807.0 IU/ml), and transplanta-
tion (787.0; range 142.0-3070.0 IU/ml, SD 1065.3 IU/ml).
The difference was statistically significant between
the infection/inflammation and autoimmunity groups
(p < 0.01) and between infection and transplantation
groups (p < 0.05).

Level of sIL-2R above 2400 IU/ml was found in 9/10
patients with HLH (sensitivity of analysis 90%) and 9/35
(25.8%) of patients who did not have HLH, yielding a speci-
ficity of 74.2%. Of the nine patients with high sIL-2R and
no HLH, five (55.6%) were in the infection/inflammation
group, three (33.3%) in the malignancy group, and one
(11.1%) in the transplantation group. Of the five children
in the first group, one had culture-confirmed staphylo-
coccal septicemia, while four had a febrile condition of
unknown origin. Of these, one was eventually diagnosed
with multisystemic inflammatory syndrome (MIS-C) as a
consequence of COVID-19. All five of the aforementioned
children fully recovered - three with glucocorticoids with
intravenous immunoglobulin (with or without IgM enrich-
ment), and one without any anti-inflammatory treatment.
Two of the three children with malignant disease (acute
lymphoblastic leukemia) died — one of febrile neutropenia
and consequent septicemia, the other due to disease pro-
gression. The third child recovered with glucocorticoids
alone. The only patient with high sIL-2R in the transplanta-
tion group had positive serological and virological findings
for Epstein-Barr virus and was successfully treated.

Fever, splenomegaly and cytopenias

Fever was present in all 10 patients with HLH and 20/35
(57.1%) patients without HLH. It was found in 16/18
(88.9%) children with infection/inflammation, 5/10 (50%)
of children with autoimmunity, 7/11 (63.6%) of those with
malignancy, and 2/6 (33.3%) of those with transplanted
kidney. Among the patients with high sIL-2R and no HLH,
719 (77.8%) were febrile.

An enlarged spleen was found in 6/10 (60%) of chil-
dren with HLH and 12/35 (34.3%) without HLH. In the
infection/inflammation group, splenomegaly was pres-
ent in 10/18 (55.6%); in the autoimmunity group, in 3/10
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(30%); in the malignancy group, in 3/11 (27.3%); and in
the transplantation group, in 1/6 (16.7%). The frequency
of splenomegaly among children with high sIL-2R and no
HLH was 6/9 (66.7%).

Bi- or pancytopenia existed in 7/10 (70%) patients
with HLH and 16/35 (45.7%) patients without HLH. In
the subgroup of the latter with high sIL-2R levels, bi- or
pancytopenia was found in 4/9 (44.4%) children. Among
patient groups, those with malignancy had the highest
frequency of bi/pancytopenia (8/11, 72.7%), followed by
transplantation (4/6, 66.7%), autoimmunity (4/10, 40%),
and infection/inflammation (7/18, 38.9%).

Hemophagocytosis

Hemophagocytosis was observed in the bone marrow in
4/10 (40%) of children with HLH and 1/35 (2.9%) with-
out HLH. The child with hemophagocytosis did not have
sIL-2R level above the cutoff. All four patients with hemo-
phagocytosis and HLH were in the infection/inflammation
group, while the patient with hemophagocytosis without
HLH belonged to the transplantation group.

Fibrinogen and triglycerides

Median fibrinogen level of children with HLH was 1.44
g/l (range 0.80-4.90 g/1, SD 1.41 g/1) and of those without
HLH 3.60 (range 1.13-14.30 g/1, SD 3.08 g/I; p < 0.01).
Fibrinogen was lowest in the infection/inflammation group
(median 2.05; range 0.80-8.00 g/1, SD 1.97 g/1), followed by
the autoimmunity (median 3.05 g/I; range 1.16-14.30 g/],
SD 4.49 g/1), malignancy (median 3.96 g/1; range 1.13—
14.00 g/1, SD 3.49 g/1) and transplantation (median 4.27 g/1;
range 3.40-5.11 g/l, SD 0.67 g/1) groups. None of these
differences were statistically significant.

Median level of triglycerides was 3.07 mmol/l (range
1.60-9.14 mmol/], SD 2.53 mmol/l in children with HLH
and 2.29 mmol/] (range 0.45-10.78 mmol/l, SD 2.45 mmol/l)
in children without HLH. This difference was not sta-
tistically significant. By group, the highest triglyceride
level was in the infection/inflammation group (median
3.15 mmol/]; range 0.86-10.06 mmol/l, SD 2.74 mmol/l),
followed by the autoimmunity (median 2.63 mmol/l; range
0.45-10.78 mmol/l, SD 3.17 mmol/l), transplantation (me-
dian 2.54 mmol/l; range 1.17-6.48 mmol/l, SD 1.92 mmol/l)
and malignancy groups (median 1.99 mmol/l; range 0.63-
3.20 mmol/l, SD 0.74 mmol/l). The only significant differ-
ence was between infection/inflammation and malignancy
groups (p < 0.05).

In total, 8/10 (80%) children with HLH had hypofi-
brinogenemia and/or hypertriglyceridemia, as did 28/35
(80%) children without HLH and 8/9 (88.9%) children
without HLH who had sIL-2R above 2400 IU/ml.

Ferritin

Serum ferritin level was above 500 ng/ml in 8/10 (80%)
children with HLH and 26/35 (74.2%) children without
HLH. In the subgroup of the latter with high sIL-2R,
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hyperferritinemia was present in 7/9 (77.8%). Median level
of ferritin in children with HLH was 1734.0 ng/ml (range
155.6-5001.0 ng/ml; SD 1825.2 ng/ml), compared to 1490.0
(range 34.2-7985.2 ng/ml; SD 2069.8 ng/ml) in children
without HLH. This difference was not statistically signifi-
cant. The highest ferritin level was found in patients with
malignancy (median 2699.7 ng/ml; range 1351.9-5401.7
ng/ml, SD 1660.9 ng/ml), followed by autoimmunity (me-
dian 1495.4 ng/ml; range 34.2-7378.7 ng/ml, SD 2311.8 ng/
ml), transplantation (median 1296.8 ng/ml; range 295.8-
3507.8 ng/ml, SD 1203.1 ng/ml), and infection/inflamma-
tion (median 762.0 ng/ml; range 50.1-7985.2 ng/ml, SD
2094.0 ng/ml). Statistically significant were the differences
between infection/inflammation and malignancy (p < 0.01)
and between malignancy and transplantation (p < 0.05).

C-reactive protein

In patients with HLH, CRP levels were somewhat higher
(median 87.2 mg/l; range 7.3-196.9 mg/l, SD 74.5 mg/1)
compared to patients without HLH (median 33.5; range
0.6-349.8 mg/1, SD 99.2 mg/1). However, this difference
was not statistically significant. Highest CRP levels were
found in malignancy (median 150.6 mg/l; range 1.2-323.8
mg/1, SD 100.3 mg/l), followed by infection/inflammation
(median 53.5 mg/l; range 1.4-349.8 mg/l, SD 101.9 mg/l),
transplantation (median 14.2 mg/l; range 1.2-45.3 mg/I,
SD 16.3 mg/l), and autoimmunity (median 9.7 mg/l; range
0.6-171.0 mg/l, SD 60.7 mg/1). Statistical significance is
reached between autoimmunity and malignancy (p < 0.05)
and transplantation and malignancy (p < 0.01). Nine pa-
tients with high sIL-2R and no HLH had median CRP
level of 58.7 mg/I (range 4.5-349.8 mg/1, SD 109.7 mg/l).
This was not significantly different from the HLH group.

Procalcitonin

Procalcitonin levels were available for only three of the 10
HLH patients and were 0.47, 0.48 and 0.51 ng/ml, respec-
tively (median 0.48 ng/ml, SD 0.02 ng/ml). Procalcitonin
levels were also available for 19 patients without HLH (me-
dian 0.32 ng/ml; range 0.06-4.99 ng/ml, SD 1.43 ng/ml).
The highest median procalcitonin level was in children
with malignancy (0.59 ng/ml; range 0.25-2.06 ng/ml, SD
0.75 ng/ml; n = 8), followed by infection/inflammation
(0.49 ng/ml; range 0.19-4.99 ng/ml, SD 2.13 ng/ml; n =
7), transplantation (0.28 ng/ml; range 0.25-0.32 ng/ml, SD
0.04 ng/ml; n = 3) and autoimmunity (0.24 ng/ml; range
0.06-0.54 ng/ml, SD 0.20 ng/ml; n = 4). None of these dif-
ferences were statistically significant; however, this mainly
reflects small sample sizes.

Cerebrospinal fluid findings

Of children with HLH, 8/10 (80%) had normal cytological
and biochemical CSF findings. Two children (20%) had a
pathologic finding: one had leukocytosis with predominance
of lymphocytes (83%) and marked proteinorachia (1159.0
g/1), while the other had moderate amounts of protein
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(0.4 g/1) with no cellular elements. Moderate leukocytosis
and proteinorachia were also found in 2/35 (5.7%) children
without HLH, none of whom had sIL-2R above 2400 IU/ml.

Transaminases

In total, 9/10 (90%) children with HLH and 17/35 (46.8%)
children without HLH had elevated serum levels of aspar-
tate-aminotransferase (AST, above 36 U/l) and/or alanine-
aminotransferase (ALT, above 68 U/l). In children without
HLH and sIL-2R > 2400 IU/ml, 7/9 (77.8%) had elevated
AST and/or ALT. This finding was present in 14/18 (77.8%)
children in the infection/inflammation group, 5/10 (50%)
in the autoimmunity group, 7/11 (63.6%) in the malig-
nancy group, and 1/6 (16.7%) in the transplantation group.

Blood coagulation defect

A prolonged APTT (> 35 seconds) was found in 4/10
(40%) children with HLH and 5/30 (16.7%) children
without HLH for whom this analysis was performed. In
patients without HLH who had sIL-2R above 2400 IU/ml,
APTT was measured in seven children, and was prolonged
in three (42.8%). This abnormality was noted in 6/15 (40%)
patients with infection/inflammation, 1/8 (12.5%) patients
with autoimmunity, 2/11 (18.2%) patients with malignancy
and none of the six patients with a transplanted kidney.

DISCUSSION

Primary HLH was not diagnosed in our patient series. This
may partly be due to the unavailability of genetic testing in
all patients but one. Notably, no sharp demarcation exists
between primary and secondary HLH, since primary HLH
is often initiated by an infection or other trigger and second-
ary HLH is often associated with a genetic predisposition [5,
6]. Primary and secondary HLH are, however, quite distinct
in their response to treatment and prognosis: in the absence
of timely diagnosis and hematopoietic stem cell transplanta-
tion, patients with primary HLH may experience only a brief
remission and their long-term prognosis is dismal, while
secondary HLH can be cured by immunosuppressive agents
[7]. For the purpose of this analysis, we decided to group
patients according to the type of underlying condition or
trigger (infection/hyperinflammatory state, autoimmune
disease, pre-existing malignancy, organ transplantation).
Most of our HLH patients belonged to the infection/inflam-
mation group. We chose to form such a heterogenous group
because causative agent or trigger is rarely identified. Of
the 18 children in this group, only five had a defined or
probable infection. An infectious trigger was also present in
three of the 10 patients with autoimmune disease, one of the
11 children with malignancies, and two of the six children
with transplanted kidney. Since all children suspected of
HLH underwent extensive bacteriological, virological, and
(if necessary) parasitological and mycological investigations,
a small percentage of patients with an identified microbio-
logical agent in our series may be an additional sign of the
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magnitude of challenge faced by clinicians in the attempt to
uncover the trigger of secondary HLH.

Macrophage activation syndrome, a variant of HLH,
most often accompanies systemic juvenile idiopathic ar-
thritis [8] and systemic lupus erythematosus [9], but can
be encountered in a wide range of autoimmune disorders
[10]. The only child in our series with autoimmune disease
who was diagnosed with HLH suffered from antineutro-
philic cytoplasmic antibody-positive systemic vasculitis.
The remaining patients (not diagnosed with HLH) in this
group had autoimmune hemopathies (5), systemic juvenile
idiopathic arthritis (2), systemic lupus erythematosus (1)
and polymyositis/dermatomyositis (1). Since all received
immunosuppressive treatment, we cannot exclude the
possibility that some of them - less than five HLH-2004
criteria notwithstanding - really exhibited a sort of in-
complete, decapitated, or abortive form of macrophage
activation syndrome.

In children, as in adults, HLH can arise in various he-
matological malignancies [11, 12]. Although only one of
eleven children with malignancies in this series was diag-
nosed with HLH, additional three had sIL-2R level above
2400 IU/ml, two of whom even formally satistied HLH-
2004 criteria. In this group, the main differential diagnostic
problem is febrile neutropenia due to malignancy itself and
its treatment. Some children with malignancy display a sort
of inflammatory syndrome that may overlap with HLH,
but responds promptly to glucocorticoid treatment. In
such children, measurement of plasma sIL-2R levels may
aid differential diagnosis. Diagnosis of HLH in pediatric
oncology is in many ways a peculiar diagnostic problem,
necessitating a specific approach [13]. Finally, although
none of our patients with a transplanted organ had HLH,
the investigation of sIL-2R in this group may be addition-
ally justified by the fact that rising sIL-2R levels could be
a harbinger of transplant rejection [14].

In our patient series, measurement of sIL-2R alone (with
the HLH-2004-prescribed cutoft of 2400 IU/ml) displayed a
sensitivity of 90% and specificity of 74.3% in the diagnosis
of HLH. True sensitivity could, however, be even higher,
given that the only patient with HLH and sIL-2R below the
cutoft value was investigated early in the course of the dis-
ease. The specificity observed in our series was also in broad
agreement with published data [15]. From the differential
diagnostic perspective, the group of nine patients who had
sIL-2R above 2400 IU/ml and no HLH comes to attention.
One child in this group had Kawasaki disease and another
had MIS-C, while four had an acute inflammatory condition
of unknown cause. This resonates well with literature data
indicating that the specificity of sIL-2R measurement in the
diagnosis of HLH could be significantly improved by the
exclusion of patients with inflammatory conditions known
to be accompanied by high sIL-2R levels (such as Kawasaki
disease, systemic inflammatory response syndrome, MIS-C)
[16, 17, 18]. MIS-C is documented to be associated with
extremely high plasma levels of proinflammatory cytokines,
and consequently very high levels of sIL-2R [19, 20]. Similar
appears to be true of systemic inflammatory response syn-
drome of any etiology [21]. This is important because
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treatment of choice in these conditions significantly differs
from that of HLH: the above hyperinflammatory states re-
spond well to intravenous administration of immunoglobu-
lins, with or without IgM enrichment [22].

Most often satisfied HLH-2004 criteria in our patients
were febrility, cytopenias and hyperferritinemia, and this
confirms their importance in the triage of patients sus-
pected to have HLH. Hemophagocytosis was noted in the
bone marrow in only four patients (40%), which is by no
means unusual [23], and in just one child without HLH,
even though this phenomenon may be encountered in a
wide range of other conditions [24]. Notably, CRP level
does not appear to be of great assistance in the diagnosis
of HLH. The same applies to procalcitonin levels, APTT
and CSF findings. However, these tests are indispensable
in the vigilance for potential complications.

Although the function of cytotoxic lymphocytes is inti-
mately connected to the pathogenesis of HLH, appropriate
laboratory tests are not routinely performed in our institu-
tion (or indeed available) at this moment. Thus, we were
able to obtain data on cytotoxic lymphocyte function in
just three patients, all with normal findings. The inability
to perform this analysis places the treating physician into a
difficult situation to diagnose HLH based on five of seven,
rather than five of eight criteria, potentially reducing the
sensitivity, and to a lesser degree also the specificity of
analysis. Similarly, genetic analysis was performed in just
one child with HLH, uncovering two variants of undeter-
mined significance in UNC13D gene. This corresponds to
secondary HLH arising upon variable genetic predisposi-
tion [25]. Although costly, extensive genetic testing of HLH
patients could be expected to uncover such predisposition
in many more instances.

The cure rate of children with HLH in our series (60%)
is in broad agreement with literature data [26]. Time
elapsed before the diagnosis of HLH (median 2% weeks)
may also be considered acceptable, but it can — and should
- be improved by timely and judiciously performing ap-
propriate laboratory tests, including plasma sIL-2R mea-
surement and cytotoxic lymphocyte functional analyses.

CONCLUSION

Soluble IL-2 receptor measurement is valuable in children
suspected to have HLH. Sensitivity and specificity of this
analysis can be further improved by strict patient selection
and a comprehensive diagnostic approach.

ACKNOWLEDGEMENTS

The authors wish to express utmost gratitude to labora-
tory technicians Branislav Dordevi¢ and Marija Lazovi¢ for
their indispensable support. The presented data are part
of specialist academic thesis of Marija Cazi¢ (University
of Belgrade, Faculty of Biology, 2022).

Conflict of interest: None declared.

www.srpskiarhiv.rs

47



48

REFERENCES

1.

Gera A, Misra A, Tiwari A, Singh A, Mehndiratta S. A hungry
Histiocyte, altered immunity and myriad of problems: Diagnostic
challenges for Pediatric HLH. Int J Lab Hematol. 2021;43(6):1443-
50.[DOI: 10.1111/ijIh.13626] [PMID: 34118134]

Astudillo PP, Parejas CP, Wietstruck MAP, Morales PM, Abarca

KV. Sindrome hemofagocitico: caracterizacion clinica y
seguimiento de una cohorte pediatrica chilena. Rev Chilena
Infectol. 2021;38(3):423-31. Spanish. [DOI: 10.067/5S0716-
10182021000300423] [PMID: 34479301]

Henter JI, Horne A, Aricé A, Egeler RM, Filipovich AH, Imashuku
S, et al. HLH-2004: Diagnostic and therapeutic guidelines for
hemophagocytic lymphobhistiocytosis. Pediatr Blood Cancer.
2007;48(2):124-31. [DOI: 10.1002/pbc.21039] [PMID: 16937360]
Dik WA, Heron M. Clinical significance of soluble interleukin-2
receptor measurement in immune-mediated diseases. Neth J
Med. 2020;78(5):220-31. [PMID: 33093245]

Imashuku Sh, Morimoto A, Ishii E. Virus-triggered secondary
hemophagocytic lymphohistiocytosis. Acta Paediatr.
2021;110(10):2729-36. [DOI: 10.1111/apa.15973] [PMID: 34096649]
Steen EA, Hermiston ML, Nichols KE, Meyer LK. Digenic
inheritance: evidence and gaps in hemophagocytic
lymphohistiocytosis. Front Immunol. 2021;12:777851.

[DOI: 10.3389/fimmu.2021.777851] [PMID: 34868048]

Nazir HF, Hassanein N, Wali Y, Al Yazidi LS. Outcome of viral-
associated hemophagocytic lymphobhistiocytosis at a tertiary
hospital. Pediatr Infect Dis J. 2022;41(4):330-4.

[DOI: 10.1097/INF.0000000000003401] [PMID: 34845149]

Hoeg PE, Glerup M, Mahler B, Hast C, Herlin T. Evaluation of
Macrophage Activation Syndrome in Patients with Systemic
Juvenile Idiopathic Arthritis: A Single Center Experience. Int J
Rheumatolog. 2022;1784529. [DOI: 10.1155/2022/1784529]
[PMID: 35936656]

Smitherman EA, Cron RQ. Hyperferritinemia Wins Again: Defining
Macrophage Activation Syndrome in Pediatric Systemic Lupus
Erythematosus. J Rheumatol. 2021;48(9):1355-7.

[DOI: 10.3899/jrheum.210024] [PMID: 34329185]

Bagri NK, Gupta L, Sen ES, Ramanan AV. Macrophage activation
syndrome in children: diagnosis and management. Indian Pediatr.
2021;58(12):1155-61. [DOI: 10.1007/513312-021-2399-8]

[PMID: 33773536]

Dokmanovi¢ L, Krstovski N, Jankovi¢ S, Jani¢ D. Hemophagocytic
lymphohistiocytosis arising in a child with Langerhans cell
histiocytosis. Turk J Pediatr. 2014;56(4):452-7. [PMID: 25818970]
Wang D, Chen XH, Wei A, Zhou CJ, Zhang X, Ma HH, et al. Clinical
features and treatment outcomes of pediatric Langerhans

cell histiocytosis with macrophage activation syndrome-
hemophagocytic lymphobhistiocytosis. Orphanet J Rare Dis.
2022;17(1):151. [DOI: 10.1186/513023-022-02276-y]

[PMID: 35379272]

Gurunathan S, Kang M, Qasim M, Kim J. Nanoparticle-Mediated
Combination Therapy: Two-in-One Approach for Cancer. Int J Mol
Sci. 2018;19(10):3264. [DOI: 10.3390/ijms19103264]

[PMID: 30347840]

Garcia-Roca P, Vargas YA, Fuentes Y, Hernandez AM, Ortiz L,
Valverde S, et al. Serum soluble interleukin 2 receptor (sIL-2R) as
a marker of acute rejection in renal transplant children. Pediatr
Transplant. 2012;16(3):274-9.

[DOI: 10.1111/j.1399-3046.2012.01645.x] [PMID: 22309031]

DOI: https://doi.org/10.2298/SARH221028119)

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Jankovic S. et al.

Knaak C, Nyvlt P, Schuster F, Spies C, Heeren P, Schenk T, et al.
Hemophagocytic lymphohistiocytosis in critically ill patients:
diagnostic reliability of HLH-2004 criteria and HScore. Crit Care.
2020;24(1):244. [DOI: 10.1186/513054-020-02941-3]

[PMID: 32448380]

Teraura H, Kotani K, Minami T, Takeshima T, Shimooki O, Kajii E. The
serum concentration of soluble interleukin-2 receptor in patients
with Kawasaki disease. Ann Clin Biochem. 2017;54(2):209-13.
[DOI: 10.1177/0004563216677583] [PMID: 28081636]

Von Bahr Greenwood T, Palmkvist-Kaijser K, Chiang S, Tesi B,
Bryceson Y, Hjelmqvist H, et al. Elevated ferritin and soluble CD25
in critically ill patients are associated with parameters of (hyper)
inflammation and lymphocyte cytotoxicity. Minerva Anestesiol.
2019;85(12):1289-98. [DOI: 10.23736/50375-9393.19.13534-1]
[PMID: 31486618]

Yener OG, Kisaarslan AP, Ulu K, Atalay E, Haslak F, Ozdel S, et

al. Differences and similarities of multisystem inflammatory
syndrome in children, Kawasaki disease and macrophage
activating syndrome due to systemic juvenile idiopathic arthritis:
a comparative study. Rheumatol Int. 2022;42(5):879-89.

[DOI: 10.1007/500296-021-04980-7] [PMID: 34491393]

Retamozo S, Brito-Zeron S, Sis6-Allmiral A, Flores-Chavez A,
Retamozo S, Ramos-Casals M. Haemophagocytic syndrome and
COVID-19. Clin Rheumatol. 2021;40(4):1233-44.

[DOI: 10.1007/510067-020-05569-4] [PMID: 33389315]

Grazioli S, Tavaglione F, Torriani G, Wagner N, Rohr M, L'Huillier

A, et al. Immunological Assessment of Pediatric Multisystem
Inflammatory Syndrome Related to Coronavirus Disease 2019.J
Pediatric Infect Dis Soc. 2021;10(6):706-13.

[DOI: 10.1093/jpids/piaa142] [PMID: 33180935]

Nishimura M, Tsukahara H, Hiraoka M, Osaka Y, Ohshima Y,
Tanizawa A, et al. Systemic inflammatory response syndrome and
acute renal failure associated with Hemophilus influenzae septic
meningitis. Am J Nephrol. 2000;20(3):208-11.

[DOI: 10.1159/000013585] [PMID: 10878402]

Shankar-Hari M, Madsen MB, Turgeon AF. Immunoglobulins and
sepsis. Intensive Care Med. 2018;44(11):1923-5.

[DOI: 10.1007/500134-018-5047-6] [PMID: 29349688]

Machowicz R, Janka G, Wiktor-Jedrzejczak W. Similar but not the
same: Differential diagnosis of HLH and sepsis. Crit Rev Oncol
Hematol. 2017;114:1-12. [DOI: 10.1016/j.critrevonc.2017.03.023]
[PMID: 28477737]

Yu SC, Cheng CL, Huang HH, Lo HT, Liu YJ, Hsieh HP. Bone Marrow
Histology in Hemophagocytic Lymphohistiocytosis. Arch Pathol
Lab Med. 2022. Online ahead of print. [DOI: 10.5858/arpa.2021-
0381-OA] [PMID: 35738007]

Chellapandian D. Hemophagocytic Lymphohistiocytosis: Lessons
Learned from the Dark Side. Immunol Allergy Clin North Am.
2020;40(3):485-97. [DOI: 10.1016/j.iac.2020.04.003]

[PMID: 32654694]

Kacar A, Celkan T. Hemophagocytic Lymphobhistiocytosis.

Balkan Med J. 2022;39(5):309-17. [DOI: 10.4274/balkanmedj.
galenos.2022.2022-4-83] [PMID: 35965424]

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):43-49



Soluble interleukin-2 receptor in pediatric patients

Cony6unHu peLenTop 3a MHTEPAEYKUH-2 KO NefunjaTpujckux 6onecHuKa
UCNUTUBAHUX HA XeMOdaroLUTHY IMMPOXMCTUOLUTO3Y — AECETOTOAULIHE UCKYCTBO

jeAHoOr ueHTpa

Cpha Jankosuh', Mapuja hasuh', [parana JaHuh?, Jenena Jlasuh®!, Mpeppar Poguih®', Hapa KpctoBckir®!

'YHuBep3uTeTCKa fievja KnnHKKa, beorpag, Cpbuja;

2MHCcTUTYT 3a OHKOMoTWjy 1 paguonorujy Penybnuke Cpbuje, beorpag, Cpbuja;

*YHneep3uTeT y beorpaay, MeanunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBog XemodarouunTHa numdoxmctuoumtosa (XJ1X) Tewko je
XMNeprHGIaMaTOPHO CTakbe Koje ce OfNKYje FPO3HNULIOM,
CnneHomeranujom u uitoneHmjama. Anjardosa XJ1X nsumckyje
Hajmatrbe NeT of 0CaM KpuTepujyma Koje je MocTaBuno Xmuctmo-
LIMTHO APYLUTBO 1 3HauajaH je 13a30B nekapuma. Kputepujymm
XJ1X-2004 o6yxBaTajy Mepere H1MBOa CONyOUIHOr peLienTo-
pa 3a UHTepneyknH-2 y nnasmu (cJ1-2P), oparoueHo opyhe y
awnjarHoctuym XJ1X, nocebHo jep ra je moryhe 6p30 1 eKOHO-
MVYHO MEPUTN.

MeTtopne PeTpocneKT/IBHO CMO aHanmn3npany MeguLMHCKY fo-
KyMeHTauujy 45 nefujatpumjcknx 6onecHrka (28 geyaka n 17
[eBojumLa, MeaunjaHa y3pacTta 8,1 roguHa) Koju Cy CnmuTuBaHu
360r cymmoe Ha XJ1X y YHUBep3uTeTCKOoj Aeyjoj KnnHmum y beo-
rpany y nepuogy 2012-2022.

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):43-49

Pe3syntatm Kog gecetopo fele je noctas/beHa avjarHosa XJ1X,
Aok 35 Huje nmano XJ1X. Kog cBux gecet 6onecHuka XJ1X je 6una
CeKyHfapHa: ocaM je NaTuno of MHdeKLMje Unm 3anarbeHCKor
CTatba 11 MO jeAaH 0f ayTOMMYHCKe 1 ManurHe 6onectu. Huso
cWN-2P je 6ro n3Hag rpaHuyHe BpeaHocTy og 2400 /U/ml npo-
nucaxe Kputepujymnuma XJ1X-2004 kof AeBeTOPO 0f AeCEeTOpO
Jeue ca XJIX (ceHantuBHocT 90%) 1 feBeTopo oA 35 Aeue 6e3
XX (cneuyunduruHocT 74,2%).

3akrbyuak Mepetbe c//1-2P je gparoLeHo KOA AeLie ca CyMHOM
Ha XJ1X. CeH3MTUBHOCT 1 cneyndnYHOCT OBe aHanu3e moryhe
je popaTHO No6osbLIATU CTPOrOM CeNeKLMjoM 6onecHMKa 1
CBeobyXBaTHNM [1jarHOCTUYKM NPUCTYMOM.

KmbyuHe peun: xemodarounTHa TUMGOXMCTMOLUTO3]; CONY-
6unHW peuentop 3a UJ1-2; geua
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SUMMARY

Introduction/Objective Although cardiac tumors in the pediatric population are found infrequently,
their occurrence is constant and with occasional variations.

The purpose of this study is to show our experience with surgical options of these masses in two leading
national university-level pediatric centers over four decades.

Methods This retrospective study is presenting a total number of 24 surgically treated pediatric patients
who have been operated on 1998-2020. There were 16 children with primary masses and eight children
with metastatic cardiac tumors. Two patients with tumor-like intracardiac masses were not included in
the series but had been mentioned as diagnostic challenges. Our patients did not have cardiac trans-
plantation options.

Results The average age of our patients was five and a half years, and the most frequent operated tu-
mor was the cardiac myxoma. Four children had neurological symptoms. There were two deaths, one
in the primary tumor group and one metastatic patient misdiagnosed as a primary tumor in the early
ages of our department. We had two recurrent cases, a girl with Carney complex, and an infant with an
extremely rare form of cardiac malignancy after a myxoma extraction. One child required a permanent
pacemaker insertion.

Conclusion Although rare, the pediatric cardiac tumors can be a source of different life-threatening
conditions and lifelong sequelae. Therefore, special considerations should be paid to the diagnostic and
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surgical modalities of their treatment.

Keywords: cardiac tumors; pediatrics; surgical approach; follow up

INTRODUCTION

Primary cardiac tumors in the pediatric popu-
lation are rare. They present with a variety of
clinical presentations and different histological
findings. Surgical strategies should be oriented
towards the embologenic potential of the mass
but also to the compression and obstruction
symptoms. Benign tumors are dominant over
malignant masses. Secondary cardiac tumors
are less seen. The secondary (metastatic) tu-
mors are more frequent in adults than in chil-
dren [1, 2, 3], whilst the last national 30-years’
series was published nearly a decade ago [4].

We present our series with modalities of
surgical treatment and available follow up. Our
results differ somewhat from the reported se-
ries so far.

METHODS
Data collection / patients
The patient data was obtained by using institu-

tional protocols (two tertiary pediatric cardiac
surgery centers), operative notes, discharge

summaries, histopathological reports and fol-
low up reports. The Committee of Ethics of the
Dr Vukan Cupi¢ Institute for Mother and Child
Health Care of Serbia has approved this inves-
tigation on March 24, 2021 (No 2263/1). Pre-
and postoperative events (cardiac and non-
cardiac), the operation itself and early and late
complications had been analyzed. The start-
ing date was September 1988 and the end date
April 2020. The postoperative cardiac follow-up
examinations (echocardiography [ECHO], and/
or computed tomography [CT], nuclear mag-
netic resonance [NMR]) were performed at 15
days, three, six, 12, and 24 months respectively.
One of the patients had a surgical reinterven-
tion abroad. The patients were transferred to
adult medical care at the age of 18.

Background

Our paper encompasses a period of 32 years in
which the population of Yugoslavia / Serbia de-
creased from 22 million to 7 million inhabitants
in the current era. The majority of cases (20
out of 24) were operated after 1992. Individual
referrals were accepted from surrounding
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countries. Thus, the real incidence of the pediatric cardiac
tumors cannot be adequately calculated and is limited to
Caucasian population.

Sixteen cases of primary cardiac tumors were operated
on a total of 11,840 cases in 38 years (0.135% of all oper-
ated cardiac cases).

One patient, initially presenting as a primary tumor
in 1989, was excluded from the group of primary car-
diac tumors and transferred into the secondary group.
Intraoperative findings had shown a metastatic tumor with
a complete occlusion of the inferior vena cava (IVC). This
patient was the one of the two deaths in our series where the
attempt of cannulating the IVC resulted in a fatal bleeding.

Metastatic cardiac tumors which were referred to our
centers were eight children who were sent to our centers as
metastatic Wilms’ tumors and one child with non-Hodg-
kin lymphoma (NHL). Four children with Wilms” were
inoperable with disseminated metastases and three were
older adolescents who had minimal cardiac involvement
but dominant infracaval expansion of the tumor. These
children were referred to the vascular surgeons. The NHL
patient was treated at the oncological department and was
lost for follow up when he transferred to adult care.

Two secondary tumors were excluded from our study as
the mass being non-tumorous. They shall be mentioned as
masses which were initially thought to be metastases. The
number of incidental findings at autopsies was one infant
with a right ventricular rhabdomyoma who died of other

Table 1. Cardiac tumor demographics

causes. Four fetal discoveries of rhabdomyomas had been
made in our series, one had been operated.

Our country has no pediatric cardiac transplant service
and this option is not a feasible as a treatment modality.

RESULTS

The mean age of our patients with primary cardiac tumors
was 64.26 months (5.35 years), with female predomination
(12:4). The dominant tumors in our series of operated chil-
dren were myxomas (six children) with rhabdomyomas in
the second place (four children). There were two patients
with fibromas, three with intrapericardial teratomas and
one with a hemangioma.

All the primary tumors were classified as benign.
Because of the extension of myocardial involvement, one
child with a fibroma was only biopsied and estimated as
a patient with an unacceptable high surgical risk. There
were two deaths, a neonate with a cardiac fibroma after a
biopsy, and the first child in our series who was mistaken
for a primary tumor in 1988.

Clinical presentations were varying. All of our patients
have been diagnosed by clinical examinations, electrocar-
diogram, Chest X ray and transthoracic ECHO. Cardiac
catheterization/angiography had not been utilized. CT and
NMR imaging were readily available to all patients since
2006 [3, 5].

All our patient cases had been presented
at regular institutional heart team meetings.

Total number of o The timing and scheduling of the operation
patients was in function of severity of symptoms and

Age (month, mean age) 64.3 (1 day — 220 months) localization of the masses.
CoieXiSting lesions > Concomitant cardiac lesions occurred as
Q:gf;;&p;ilrgifjﬁe ‘:’ follows: five congenital heart lesions, a pat-
Patent ductus arteriosus 1 ent ductus arteriosus (one child), a secundum
Clinical signs atrial septal defect (three children) and one
Aortic regurgitation 1 Chest pain 2 competent bicuspid aortic valve. Atrial sep-
Mitral regurgitation 2 Arrhythmias 5 tal defects were not diagnosed in the patients
Tricuspid regurgitation 1 LVOTO/RVOTO (> 30 mmHg) 2 who suffered stroke. All lesions had been cor-
Congestive heart failure 4 Pericardial effusion 3 rected intraoperatively (ligation and closure)

Heart murmur 5 Tamponade 1 (Table 1).
Dyspnea 4 Neurological symptoms 4 There were four patients in our series with
Cyanosis 1 Cerebrovascular Insults 3 neurological symptoms. Three presented with
Mode of diagnosis (heart and central nervous system) stroke. The child most severely damaged by
ECHO 16 (one prenatal) the brain tumor embolization was a teenager
gaTrdiac catheterization (7) with a clinical history of migraines and partic-
NMR 6 ipation in competitive sports. Postoperatively,
Benign (16) Malignant (8) she was diagnosed as Carney complex and
Myxoma 6 (37.5%) had remained with devastating sequelae. The
Type of tumor Rhabdomyoma 4 (25%) Primary 0 other two patients with myxomas had cerebral
Fibroma 2 (12.5%) Secondary 8(100%) | - farctions with concomitant hemiparesis.
Teratoma 3(18.7%) NH 1(12.5%) .

Hemangioma 1 (6.25%) Wilms tumor 7 87.5%) The older patient recovered completely, the
Sex (male:female) 4:12 4:4 infant had a recurrent malignant tumor and
Myxoma — Carney complex (after six months) remaining sequelae. One patient with rhab-
Recurrent tumors lt\f‘)r/::rrnni;t!\r/‘lg/)oepithelial carcinoma of the LV (after domyoma had convulsions which responded

CT - computerized tomography; ECHO - echocardiography; LV - left ventricle; LVOTO - left
ventricular outflow tract obstruction; NMR - nuclear magnetic resonance; RVOTO -

ventricular outflow tract obstruction; NHL - non-Hodgkin lymphoma

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):50-57

well to conventional therapy.
right Initial treatment during the investiga-
tion of stroke etiology in our hospital is low

www.srpskiarhiv.rs ‘



52

Table 2. Localization of the tumors

Stajevi¢ M. et al.

Localization Total
Type of tumor RA RALA | RV/RVOT LA LAV | LWVOT | RVAV OTHER 16
Myxoma 1 3 1 1 6
Rhabdomyoma 1 1 4
Fibroma 2 2
Teratoma 3 3
Hemangioma 1 1

RA - right atrium; RV - right ventricle; RVOT - right ventricular outflow tract; LA - left atrium; LV - left ventricle; LVOT - left ventricular outflow tract

molecular weight heparin. Since cardiac disease is compli-
cated by stroke in a number of pediatric patients, but the
cardiac tumors are extremely rare, the number of patients
in whom the first clue to cardiac tumor diagnosis was the
acute neurological deterioration is also small. This is the
reason why the type and duration of anticoagulation treat-
ment in this subgroup of cardioembolic patients could not
be evaluated in a randomized prospective way. After the
removal of cardiac tumor, in our opinion, the rationale is
to continue either low molecular weight heparin or aspirin
for at least three months. This approach could be modi-
fied according to the coexistence of underlying disease, as
well as personal and family history for thrombophilia [6].

The timing of the surgical procedure after stroke should
be individualized, the embologenic potential of the re-
maining mass being the dominant factor for the urgent
operation [5, 7].

Surgical approach

All of our patients have been operated via median ster-
notomy on cardiopulmonary bypass (CPB), except for
the two children with intrapericardial teratomas where
extracorporeal circulation was not initially utilized. One
child had an intraoperative iatrogenic aortic tear which
required the repair on CPB. Ascending aorta and bicaval
cannulation, systemic hypothermic to normothermic tem-
peratures (28-36°C), aortic cross clamp, crystalloid/blood
cardioplegia were used, the technique being the surgeon’s
preference. No deep hypothermic circulatory arrest tech-
niques were used [1].

Once on CPB, all of the tumors were approached ini-
tially through the right atriotomy. The left sided masses
were approached via the atrial septum and in one case
through aortotomy. The huge right ventricle (RV) fibroma
required detachment and re-attachment of the septal tri-
cuspid leaflet. The iatrogenic injury to the ventricular free
wall had been managed by individual pledgetted sutures. In
all patients with myxomas, additional circles of endocardial
tissue were excised around the tumor (Table 2). Since 2003,
transesophageal and/or epicardial echocardiograms were
performed on all patients, after coming of CPB.

Myxomas
Myxomas were the most frequent tumors. Four patients
(66.7%) were adolescents (12-16 years old). Two patients

(33.3%) were younger than three years (three months, 18

‘ DOI: https://doi.org/10.2298/SARH220607005S

months). They presented as pedunculated masses of differ-
ent textures: two patients with myxomas had recurrence of
the disease. A 13-year-old girl was operated after a stroke.
A large myxoma was extracted from the left atrial sep-
tum, following all postulates of myxoma removal. A new
mass was detected five months after the initial operation
originating from the left atrial appendage. Genetic testing
confirmed a de novo (nonfamilial) Carney complex [7, 8].
The patient had further multiple endocrine surgical proce-
dures operations on her endocrine glands (thyroid, breast),
polycystic ovaries and concomitant clinical depression.

One child had a right atrial myxoma with propagation
into the IVC. Two patients had solitary peduncular myxo-
mas in the left atrium attached to the superior wall of the
chamber.

An unusual case was seen in a previously healthy infant
with a sudden onset of afebrile convulsions and cerebral
infarction. A large mass was found in the left ventricle pro-
truding through the left ventricular outflow tract (LVOT)
into the aorta. The mass originating from the posterome-
dial papillary muscle was completely surgically removed.
The histological diagnosis of a myxoma was confirmed at
our institution. Four months later, the child was reoperated
for a rapid-growing recurrent mass abroad. A very rare
malignant myoepithelial carcinoma was diagnosed and
the child had been started on chemotherapy. The histo-
logical findings from the first operation had no presence
of malignant cells [9] (Figure 1).

Rhabdomyomas

Although rhabdomyomas are the most frequent pediatric
cardiac tumors, not all of them require surgical treatment
[10]. Out of four operated children in our series one had
positive family history. Female patients dominated (3:1).
Tuberous sclerosis was confirmed in three cases (75%).
One baby had prominences on the lateral ventricles of the
brain without neurological symptoms. One infant had a
solitary but obstructive tumor in the right ventricular out-
flow tract (RVOT), the other three were neonates with
multiple masses in both ventricles and right atrium. The
only child that developed postoperative moderate residual
mitral regurgitation (detachment from the posteromedial
papillary muscle) and was reoperated later in life (mitral
valve reconstruction). Reduction of the masses was noted
in two patients, six- and nine-months post-surgery.

An incidental finding of a RV rhabdomyoma was found
on an autopsy of a child who died of other causes (Figure 2).

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):50-57
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Figure 1. Preoperative and intraoperative myxoma findings; a — preoperative brain and heart computed tomography scans of a huge myxoma
in a patient with Carney complex; b — intraoperative finding of a myxoma; c - the tumorous mass after enucleation

Figure 2. Rhabdomyoma in the right ventricle - incidental finding
atan autopsy

Fibromas

The two patients with fibromas were approached by biopsy
and relief of RVOT obstruction (RVOTO). The hemody-
namically compromised premature neonate weighing 1400
grams, was biopsied with a fatal postoperative outcome.
The myocardium was completely invaded by fibrous tis-
sue. The second child had a significant right ventricular
involvement with RVOT protrusion. The flow through the
pulmonary artery was laminar and sufficient to maintain
adequate oxygenation of the child but the patient devel-
oped arrhythmias and dyspnea. The clinical symptoms and

distant place of residence pushed us towards the attempt of
extracting the tumor. Intraoperatively, the septal tricuspid
valve leaflet was found to be incorporated and adherent
over the fibroma. The leaflet was mobilized, detached,
repaired with autologous pericardium, and subsequently
reattached during surgery. The fibroma was originating
from the RV free wall which was damaged during the enu-
cleation, and had to be sutured with interrupted pledgetted
sutures. The child required an insertion of a permanent
pace maker ten days after the surgery for complete atrio-
ventricular block, in spite of sinus rhythm in the immedi-
ate postoperative period [11, 12] (Figure 3).

Teratomas

Two intrapericardial teratomas in our series were diag-
nosed in the neonatal age and one in infancy. Both neo-
nates presented with signs of severe respiratory distress
after birth [13, 14]. The intrapericardial teratomas were
adherent to the right atrium and the adventitia of the as-
cending aorta, and to the aorta in the second case. The
third case with the aortic attachment was an infant who
was operated by a general pediatric surgeon. During the
operation, the aortic wall was damaged with profuse bleed-
ing. The aorta had been repaired on CPB with a good out-
come (Figure 4).

Figure 3. Fibroma; a — echocardiographic view of the tumor; b - macroscopic view of the heart with a huge fibroma; c - “delivery” of the egg-
shaped fibroma through the tricuspid valve
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Figure 4. Intrapericardial teratoma ad-
herent to the right atrium and ascending
aorta

Hemangiomas

Cardiac hemangiomas are very rare [15, 16]. Solitary
case of a left ventricular hemangioma was diagnosed and
surgically removed from an 18-year-old girl who com-
plained of migraines six months prior to the diagnosis.
Intraoperatively, the pedunculated multicystic formation
was partially attached to the posteromedial papillary mus-
cle and the ventricular free wall. No residual clinical or
echocardiographic sequelae were seen (Figure 5).

Secondary cardiac tumors

Seven patients with secondary cardiac tumors were meta-
static Wilms’ tumors and one had been an adolescent with
aNHL [17, 18].

Wilms’ tumors

All Wilms’ tumor patients with intracardiac involvement
were referred from other centers after unsuccessful treat-
ment with chemotherapy and radiation [18]. The first
patient in our Wilms’ series was mistaken for a primary
right atrial tumor. This operation was performed in the
early 1980s as our first cardiac tumor operation. The
problems with cannulating the IVC resulted with the
vein tear and fatal abdominal bleeding. Three patients
in critical conditions (Wilms’ tumor grade III/IV) were
denied surgery. The remaining three patients were re-
ferred to the adult cardiovascular centers. One child was
operated and died on the second postoperative day due
to hepatorenal failure.

Non-Hodgkin lymphoma

The NHL patient had an incidental finding of his condition
after a car accident and diagnosis of a pericardial effusion
with a threatening tamponade. After draining more than 1
liter of serosanguinous fluid from the pericardium, layers
of white fragile tissue were found to be incorporated in
the epicardium. Biopsies of both pericardium, pericardial
effusion and the epicardial layers of the heart confirmed
the diagnosis of NHL. The echocardiographic examination

‘ DOI: https://doi.org/10.2298/SARH220607005S

Figure 5. Transseptal and transmittal removal of a
hemangioma

Figure 6. White thrombus originating
from the superior vena cava in a patient
operated from epipharyngeal rhabdo-
myosarcoma

showed intracardiac opacity and thickening of the right
ventricular cavity but with no hemodynamic compromise.
He was transferred and treated by hematology oncologists.
The regression of both extracardiac and intracardiac com-
ponents after chemotherapy was decisive to abandon the
intracardial biopsy attempt. He went into remission and
was transferred into adult care.

False alarms

Two patients were referred to the cardiac team as children
with masses in the right atrium after previous treatments
for malignant diseases: NHL and oropharyngeal rhabdo-
myosarcoma. The boy who was treated for NHL devel-
oped a mass around the long-standing Hickman catheter.
Although we were confident that the mass was not of tu-
morous origin, macroscopically the mass did not resemble
a thrombus. The histopathology confirmed a thrombus.

The second patient had an epipharyngeal rhabdomyo-
sarcoma surgically removed three months before a mass
appeared in the right atrium. The cardiac examination fol-
lowed after a systolic murmur was heard during a routine
auscultation. The child did not have previously cannulated
neck vessels, yet intraoperatively, we found a mass originat-
ing in the superior vena cava on a thin peduncle, extending
and free-floating into the right atrium. Histopathology
confirmed to be a white thrombus (Figure 6).

Postoperative course, outcomes, and follow-up

All operated patients were easily weaned off CPB. The
inotrope protocols changed and decreased over time.
Nowadays, inotropes are used only if needed in younger
patients. The extubation protocol is individualized and
dependent on the status of the patient. Three patients were
extubated on the operating table, 12 were transported to
the Intensive Care Unit intubated. The mean intubation
time was 15.7 hours, SD 19.5 (3-48 hours). No patient
needed reintubation.

Postoperative bleeding / thoracic drainage was not sig-
nificant. All thoracic drains were removed within 72 hours.

The patient with a right ventricular fibroma developed
a complete atrioventricular block after initial postoperative
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period of sinus rhythm. A permanent transvenous pace-
maker was implanted on the 10th postoperative day.

The girl with a huge atrial myxoma and stroke had an
early recurrence of the myxoma. The rapidly growing mass
was noted five months after the initial operation. The patient
reported generalized pruritus as main complaint and the
characteristic “cafe au lait” spots became visible only at the
time of the tumor recurrence. She was consequently oper-
ated from a thyroid adenoma, breast adenoma, and a ovar-
ian torsion. She was under psychiatric care for depression.

We had only one case of early mortality; neonate who
was biopsied for a cardiac fibroma. Except from the myx-
oma recurrence that was treated surgically again abroad,
all other patients were free of reintervention.

The patients who are still in our care receive no medi-
cal treatment.

We had seen no late mortality. All the patients exceed-
ing the pediatric age group, were not under our care and
we have not included the latter findings.

The mean follow up was 43.13 months (SD 34.001
months), while one patient moved abroad two months
after the operation.

Limitations of the study

This is a retrospective study of a 32-year-long period hall-
marked by demographic changes of our country and heavy
regional displacement, different availability of diagnostics
and approaches to data collection. Until 1998, no uniform
system was present nationally, yet data were collected per
surgeons’ training. Regrettably, we have limited knowl-
edge of the patient follow-up in the adult care. The absence
of a national data base and limited possibilities of fetal
screening in our country decreases the prenatal detection
of intracardial masses.

DISCUSSION

Cardiac tumors in the pediatric age group are a rare entity
[19]. The first patient who survived a cardiac mass opera-
tion was a child in whom Crafoord removed a myxoma
on CPB in 1954.

The true incidence of cardiac tumors is children is not
known, but it can be quoted that is between 0.0017 and
0.28%. The majority of cardiac tumors in the pediatric
population are primary masses.

In our series, the exact tumor incidence could not be
calculated due to geopolitical changes in our country. We
can state that cardiac tumor operations make 0.13% of
all operated cases. The female to male ratio is inverse in
our series compared to the data reported in other series.
Female patients were dominantly more affected, 12 com-
pared to four males.

We had one accidental finding of a rhabdomyoma on
an autopsy of an infant who had died from non-cardi-
ac causes. Fetal examinations have also discovered four
hearts with rhabdomyomas, but as the adequate fetal scans
are limited only to high volume centers this number is
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probably larger. There are currently 12 patients with rhab-
domyomas under our care, who do not need surgical treat-
ment. Central nervous involvement is seen in more than
50% of the cases.

All the primary masses in our series were benign except
for one recurrent tumor. Our series differs from the ma-
jority of papers by the dominance of operated myxomas.
Myxomas have been seen in children as young as three
and 18 months. The child who was initially operated at the
age of three months as a left ventricular myxoma had an
early recurrence of a rare malignant form of myoepithelial
carcinoma. It is difficult to postulate that this child had
two different tumors in such a short period of time, but
the pathohistological specimens of the first removed had
no malignant cells and were typical of a benign myxoma.
The early recurrent mass was malignant. This type of re-
currence has not been described so far.

The myxomas were, in spite of their benign nature, tu-
mors with the worst general outcomes: only one patient
did not have a prior stroke. Unfortunately, the symptoms
usually have a sudden onset in children who are healthy or
have no other comorbidities. The Carney complex, heredi-
tary or de novo, is an absolute indication for additional and
more detailed and frequent postoperative examinations
as they are inevitably linked to other medical conditions.

Rhabdomyomas were the second most frequent tu-
mors in our series. The dominant clinical symptoms had
been of obstruction and compression. The majority have
confirmed tuberous sclerosis. The greatest challenge is
the extensiveness of the surgical resection. Our approach
is to remove only the hemodynamically compromising
mass. These patients are younger than the others and have
a potential for tumor regression. Over aggressive surgery
has the potential of myocardial injury and damage of vital
structures.

Fibromas are rare but from the surgical point of view
the most demanding cases and tumors where cardiac trans-
plantation is the most feasible option. Therefore, in one
of our two cases, extensive resection was recognized as
an option of treatment because of threatening obstruc-
tion and the dysrhythmias. These tumors do not regress
and are incorporated in the myocardium itself beside the
intracavitary formations. Risks of valvular or myocardial
injuries are recognized risks.

The secondary tumors in the pediatric population are
less frequent than in adults. Our series comprised of seven
patients with Wilms” tumor and one with an accidentally
discovered NHL. The patients with Wilms” tumor who
have an intracardiac (right atrial) propagation through
the IVC are often in the end-stage disease with unfavorable
outcome. Although authors report successful extraction of
tumor masses and/or thrombus, our experience with this
type is nonexistent except for one case in the early stages
of our department who had a fatal outcome after mistaking
the metastatic tumor for a primary mass. The solitary case
of NHL cardiac involvement in our series had been an in-
cidental finding. We had operated on two children (treated
for other malignancies) with right atrial masses, but both
tumors proved to be organized intracardiac thrombi.
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CONCLUSION

Our study illustrates that despite the benign histology
of most primary pediatric cardiac tumors there is a sig-
nificant associated comorbidity and occasional mortality.
Clinicians should keep in mind that although these tumors
are rare, they have a wide and unusual spectrum of pre-
sentations. Total resection is not always the therapeutic
aim; an important factor is the restoration of the best pos-
sible hemodynamic cardiac function without additional
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Tymopu cpua y neaunjaTpujcKoj nonynawmju —XMpypLUIKO UCKYCTBO 04 YeTUPU AeLieHnje

Mwna Crajesuh'? Cnobogat Vnuh'3, Bojucnas Mapesanosuh'?, Ceprej Mpujuh'? Bnagummp MunosaHosuh'?,
Munow Kysmarosuh'?, Cnauwa Hypuunh'#, Ueax Quspgapesnh?, Cawa Monosuh? [lejaH bruceHnh?

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

2/HCTUTYT 3a 3APaBCTBEHY 3alTUTY Majke 1 fieTeta Cpbuje,Jp BykaH Yynuh', Beorpag, Cpbuja;

3YHnBep3uTeTCKa Aevja KnHuKa, beorpag, Cpbuja;

*YHuBep3uTeT y Baroj Jlyumn, MeguuuHckm dakyntet, barba Jlyka, BocHa u XepuerosuHa

CAXETAK

YBoa/LUum Maga cy Tymopu cpLa y neaujaTpujckoj fo6Hoj rpy-
MU PETKM, hUXOBa NHLMAEHLM]a je KOHCTaHTHa Ca MOBPEMEHUM
Bapujaumjama.

Hamepa oBe cTyguje je fa noka)e NCKYCTBa U XMpPYpPLLKa pe-
Lekba leyera Tymopa cpua y Aea Bogeha HaLMoHanHa yHuBep-
3UTeTCKa NefujaTpujcka LieHTpa Y pacrioHy Of YeTvpy feLieHuje.
MeTope OBa peTpocneKkTBHa CTyAauja yKibyuyje 24 xupy-
PLUKM NeyeHa 6oniecH1Ka Koju Cy oneprcaHm y nepuogy nvehy
1988. 1 2020. rogunHe. bruno je 16 gele ca npMmapHMM Macama
1 OCMOPO Ca MeTacTaTCKM Tymopuma y cpuly. [Isa 6onecHuka
Ca Macama y cpLy Koje HUCYy bune TyMopy HUCY YKIbyUYeHU Y
cepwjy, anu cy npefCcTaB/beHN Kao ANjarHOCTUYKN 1U3a30BMU.
BonecHuuy HUCY Mmany MoryhHOCTU 3a TpaHCMNaHTaLujy cpua.
PesynTatu NpoceyaH y3pacT Hawmx 6onecHuka je 61o net un
Mo rofinHa, a Hajuellhe onepucaH Tymop je 61Mo M1KCoMm cpua.
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YeTBOpPO feLlie je MMano HeyposioLKe cumnTome. buna cy aga
CMPTHa Ucxofa — jeAaH y rpynu nprMapHnx Tymopa v jefaH
Cnyyaj rge je Kog bonecHUKa MeTacTasa NorpeLlHo AnjarHoCTr-
KOBaHa Kao npumapHu Tymop. lMpujasrbyjemMo 1 iBa peKkypeHTHa
ciyyaja — AeBojunLy ca KapHujeBrM KOMMIEKCOM 1 0fjojue ca
eKCTPeMHO PeTKoM GOpPMOM ManurH/TeTa cpLia nocsie npumap-
He eKCTpaKLyje M1KcoMma. JefjaH 60necHVIK je 3axTeBao yrpagatby
TpajHoOr nejcmejkepa.

3aKsbyuyak Vako peTku, Tymopm cpLia y Aeyjoj monynaLujy mory
61TV y3pOK Pa3nNUNTIIX XKMBOTHO Yrpoxasajyhunx cTata, Kao 1
BOXMBOTHUX nocneguua. Crora, noce6Hy naxwy Tpeba obpatu-
TV KaKo Ha IMjarHOCTNYKeE TaKO 1 Ha XPYpPLUKE BPCTE fleyetba.

KrbyuHe peun: Tymopu cpua; nefunjatpuja; XMpypLUKO Neyetrbe;
nepviog npahetba
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SUMMARY

Introduction/Objective Mild cognitive impairment (MCI) is a state of progressive cognitive decline,
rarely recognized by general practitioners (GPs), which is a reason of late treatment and fast progression
towards more serious conditions. The main obstacles for the timely treatment of MCl are lack of diagnos-
tic protocols and clinical guidelines as well as lack of knowledge and disbelief in the pharmacological
therapeutic possibilities.

The aim of this investigation was to assess level of recognition of MCl symptoms by GPs, and to estimate
their perception of distinct risk factors significance for MCl development.

Methods Participants of the “Days of General Medicine” Conference (Serbia, March 2018), n = 340, com-
pleted 12 items questionnaire about recognition and treatment of the MCI patients. We have used de-
scriptive statistics, x>, Mann-Whitney U tests, binary logistic regression analysis for results presentation,
sub-groups comparison, to assess predictors of drug therapy selection, respectively.

Results Study showed GPs recognize diabetes as most important factor for MCl, then hypercholesterol-
emia, smoking and sedentary behavior, while hypertension and obesity are perceived as less important.
Those GPs who estimated diabetes and hypercholesterolemia as more important for all patients are
significantly more prone to prescribe symptomatic therapy (pentoxifylline and vinpocetine), p < 0.05
according to )’ test. Logistic regression analysis regarding therapy predictions showed that years of GP
experience is the most important predictor of drug therapy selection (p < 0.01).

Conclusion Results of this investigation pointed a need for MCl education for young physicians, in order
to improve diagnosis and treatment of these patients.

Keywords: mild cognitive impairment; diagnosis; pharmacological therapy; general practice physicians
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INTRODUCTION

Mild cognitive impairment (MCI) is defined
as mental decline which is not severe enough
to cause dependence in daily functioning [1].
The main obstacle in MCI defining and, thus,
diagnosis is its similarity with dementia and
also lack of appropriate and sufficiently sen-
sitive diagnostic (psychometric) tests. MCI is
frequently evolved as secondary consequence
of several diseases such as neurologic, neuro-
degenerative, psychiatric or vascular, but also
could be a manifestation of Alzheimer disease
[2]. Regarding subtypization of this disease
there are two main types: amnestic (the basic
problem is related to memory loss) and non-
amnestic where the focus is on other cognitive
problems such as visuo-spatial skills, language
and/or executive functions [3]. Of particular
interests are reversible MCls caused by meta-
bolic, vascular, systemic or psychiatric condi-
tions which could be controlled and cured;
along with that, the MCI also has a chance to be
alleviated [4]. According to some definitions,
MCI is patients’ mental status placed between
normal aging and dementia [5]. Because of
that, it is of crucial importance to enable pri-
mary care physicians more information about

signs, symptoms and clinical tools for its rec-
ognition and diagnostics. Moreover, if we are
aware that Alzheimer’s or non-Alzheimer’s de-
mentia will develop in 10-15% of patients 12
months after the MCI diagnosis [6], we should
make every effort to broaden the window of
possible disease postponement or even eradi-
cation. Neurobehavioral MCI estimation relies
on several tests: mini mental state examination,
clock-drawing test and frontal function tests
[7]. Modern clinical practice recommended
several biomarkers as a part of regular diag-
nostic procedure, but also imaging techniques
[4]. Selection of neuropsychological tests for
MCI diagnosis is challenging, because simple
tests are lacking sensitivity and overly compli-
cated tests could not resolve disease develop-
ment. MCI diagnosis obviously depends upon
primary healthcare practitioners’ judgment;
therefore, it is important to prepare powerful
tools and assure MCI awareness for those phy-
sicians dealing with susceptible population in
everyday practice.

The aim of this investigation was to assess
the regular practice of Serbian physicians, and
increase their awareness about the risk factors
(RF) and signs and symptoms of cognitive im-
pairment (CI).
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METHODS

This survey is conceptualized as cross-sectional and per-
formed by using specifically constructed questionnaire
for the “General Medicine Days” conference (Belgrade,
Serbia March 2018; http://www.opstamedicina.org/de-
fault.asp?ID=1368), by several members of the Serbian
Medical Society, Section of General Practice. The Scientific
Committee of the Section of General Practice has approved
the questionaries’ structure, content and purpose of the
investigation. The subjects of the survey were medical
doctors, general practitioners (GPs) and general medicine
specialists (n = 340) taking a part in the Conference. All
participants voluntarily filled the questionnaire and thus
took part in the investigation. The study was conducted in
accordance with the principles of the Helsinki Declaration,
regarding participants’ name and identity protection. The
questionnaire consisted of 12 questions. This questionnaire
analysis gives us an opportunity to compare opinions, at-
titudes and common practice of GPs involved in medical
treatment of MCI patients, as a first line “warriors” of any
healthcare system. Questionnaires’ analysis leads to sev-
eral conclusions, which could serve for real life practice
overview and improvement. The integral version of the
questionnaire in English and Serbian is uploaded as a sup-
plementary file that can be found here: http://srpskiarhiv.
rs/global/pdf/SupplementaryQuestuonnaireEngSer173-
213272B3_1.pdf

Questionnaire structure description

In total, 30 medical doctors selected by study organizers
(random sample selection method), filled the questionnaire
to test its comprehension, readability and questions format-
ting. Questionnaire equivalence reliability is estimated by
using Cronbach’s o analysis. After this preliminary analysis,
slight modifications were performed to make the questions
more understandable and better formatted. This question-
naire included 12 items classified into four key domains.
The first domain consisted of three study subjects (physi-
cians) related items: number of years of service, data about
specialization, and total number of patients per physician.

The first three questions were formatted as gaped sen-
tences formats (questions 1 and 3) and question 2 was of
multiple-choice type. Second domain (questions 4 and 5)
addressed items regarding patients’ age and percentage
distribution of number of RF related to cardiovascular dis-
ease (CVD) (both formatted as gaped sentences). Third
domain was a core section comprising questions about
cognitive decline related issues (questions 6-11 queried
whether physicians notice cognitive symptoms in their
patients, whether patients are aware of the existence of
cognitive decline symptoms, at which frequency do phy-
sicians perceive cognitive symptoms as normal aging, at
which frequency do physicians use cognitive decline tests,
physicians’ estimation of cardiovascular RF importance
in cognitive decline development and percent of cogni-
tive declined patients who were directed to neurologist,
respectively). Questions 6, 7, and 10 were multiple-choice
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and questions 8, 9, and 11 gaped sentences type. The fourth
part of the questionnaire was devoted to the choice of cog-
nitive decline therapy (question 12, multiple choice type).
Data from all completed questionnaires were entered in
primary excel database, coded and statistically analyzed
using the descriptive and inferential methods and IBM
SPSS Statistics for Windows software Version 21.0. (IBM
Corp., Armonk, NY, USA).

Questionnaire’s validation analysis

Cronbach’s analysis showed acceptable reliability of the
questionnaire (Cronbach’s a = 0.726). No deleted items
produced significantly higher reliability index, which
means that all items are consistent with the main topic.
The intraclass correlation coefficient (single measures)
was 0.525 (95% confidence interval 0.438-0.642; F = 12.5,
dfl =28, df2 = 243, p < 0.01). Average inter-item correla-
tion coefficient was 0.311 + 0.040 which suggested relative-
ly strong correlation between items (the average correlation
coefficient is acceptable if it is larger than 0.300). Test-
retest analysis showed good correlation between different
items in two time points (average Spearman’s p = 0.875
(0.700-0.983; p < 0.01).

Statistical analysis

Data are presented as frequencies (%) for categorical vari-
ables and median values (interquartile range) in the case
of continuous variables and graphically with pie and bar
charts. For the relation between variables estimation, the x*
test for categorical variables was used because the data are
presented as the Likert scale. Mann-Whitney U test was
used for continuous variables comparison. Binary logis-
tic regression analysis was used in order to test predictive
capability of different factors for a. physicians’ CVD RF
importance for MCI awareness and b. drug prescription
vs. supplements and/or without therapy attitude. Criterion
for low and high CVD RF awareness was determined from
sum of all six RF marks given by physicians, where tertile
values (first tertile = 22, and second tertile = 27 points)
were cut-offs for low, medium and high awareness. For
binary logistic regression analysis, we used only low and
high awareness subjects. For all tests p value < 0.05 was
considered as statistically significant.

RESULTS
Physicians’ data

Physicians, participants in this current study have broad lev-
el of experience (1-41 years) with majority of them having
21-30 years in medical service. Average number of patients
per doctor according to practice protocol was about 1800 pa-
tients (range: 5-5000). Usual number of medical check-ups
per physician per day is about 40. Almost half of participants
were without medical specializations (44.7%) and other half
had specialization in general medicine (Table 1).
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Table 1. Physicians’ related data: working experience, number of pa-
tients per physician and proportion of general medicine specialist vs.
general practitioner

Variables Minimum- Median
Maximum (25-75%)
Physicians’years of service (n = 340) 1-41 24 (13-30)
Frequencies, number (%)
<10y. 72(21.2)
11-20y. 69 (20.3)
21-30y. 128 (37.6)
31-40y. 60 (17.6)
Number of patients in physician'’s 5-5000 1800
protocols (1400-2000)
Distribution of frequencies, number (%)
<1000 28 (8.2)
1001-1500 74 (21.8)
1501-2000 138 (40.6)
2001-2500 65 (19.1)
> 2500 18(5.3)
Physicians’ specialization vs. general
practitioner number (%) 186 (54.7) vs. 152 (44.7)

\ O<s%
\

| O 26-50%

s |
| B 5175%

/
/" .

Figure 1. Percentage of physicians’ estimation of: A — proportion of
patients with different risk factors (arterial hypertension, diabetes mel-
litus, hypercholesterolemia, obesity, smoking, physical inactivity) in
their practice, (%); B — proportion of patients older than 65 (%)

Kosti¢ M. et al.

Physicians’ estimation of patient population characteristics
regarding age and the number of risk factors

Higher number of different comorbidities (arterial hyper-
tension, diabetes mellitus (DM), hyperlipidemia, obesity)
and risk social habits (smoking and physical inactivity)
assumes higher probability of cognitive declines being
observed in patients, by either themselves or by their
physicians. Results indicate that according to physicians’
estimation high percent of patients (about 40%) had three
and more conditions connected with changes in cogni-
tion, which is expected because about 50% of physicians
reported that they have more than 50% of patients older
than 65 years (Figure 1).

The majority of physicians (80%) noticed MCI symp-
toms in less than 30% of their patients. Physicians reported
that less than 30% of patients averagely have complained
about MCI symptoms (Figure 2A and 2B).

The highest proportion of physicians (73.2%) estimated
MCI symptoms as normal aging in low percent of their
patients (below 30%). Almost 28% of physicians referred
more than 50% of their patients to neurologist for more
specialized diagnostics and therapy, while 54% of physicians
send 30-50% of patients to the neurologist (Figure 2C).

The most important MCI risk factor assumed by almost
85% of physicians is DM (sum of opinions “important for
older” and “for all” patients), in smaller percent as im-
portant RF are estimated hypercholesterolemia (76%),
smoking (76%) and physical inactivity (76%), and arterial
hypertension (73%). Obesity was obviously underscored

Physicians' diagnosis
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Figure 2. Distribution of physicians’ estimation of patients proportion whose cognitive deterioration was
noticed by physicians (A) or patients themselves (B); proportion of three characteristics of physicians’ at-
titude towards patients’ cognitive decline signs and symptoms: perceiving as normal aging, cognitive tests
performance and referring to neurologist (C); A — distribution of frequency of physicians noticed patients’
forgetfulness, decreased concentration, walking instability, thought slowness (symptoms of brain’s small
blood vessels damage); B - distribution of frequency of patients complains about forgetfulness, mood swings,
walking instability, or brain fog; A and B data expressed in % (0-5, 5-10, 10-20, 20-30, > 30); C - distribution
of frequency of physicians opinion about mild cognitive impairment as normal aging, cognitive tests imple-
mentation and neurologist inclusion (results are presented in %: < 25, 26-50, 51-75, > 76)
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Table 2. Average physicians’ categorization (in %) of six traditional cardiovascular disease risk factors importance for cognitive impairment

development

Disease/life style- importance Unimportant Low importance Um;lgﬁned ./ Importaqt Sl Importa.mt sl
unspecified attitude patients patients

Arterial hypertension 39 7 16.6 30.8 41.7
Diabetes mellitus 0.9 5.1 9.6 28.8 55.6
Hypercholesterolemia 1.8 6 15.9 374 389
Obesity 1.8 17.6 25.1 22.7 32.7
Smoking 1.8 8.4 14.1 219 53.8
Physical inactivity 24 6.4 15.2 259 50

cognitive impairment therapy practice

Table 3. General practitioners’and general medicine specialists’comparison regarding cardiovascular diseases risk factors perception and mild

any combination with different supplements) no/yes

Variable General practitioner ‘ General medicine specialist ‘ p
Risk factors for cognitive impairment — physicians’ perception*
Arterial hypertension 0/1/2 47/53/49 (31.5/35.6/32.9%) 44/48/88 0014
: : ' (24.4/26.7/48.9%) :
. 32/64/85
0,
Hypercholesterolemia 0/1/2 47/60/44 (31.1/39.7/45.5%) (17.7/35.4/54.5%) 0.001
. 36/35/110
V)
Smoking 0/1/2 45/37/68 (30/24.7/45.3%) (19.9/19.3/60.8%) 0.017
s .. 38/39/101
0,
Physical inactivity 0/1/2 41/45/62 (27.7/30.4/41.9%) (21.3/21.9/56.7%) 0.028
Patients without risk factors * 10 (5-20%) 10 (5-15%) 0.048
Cognitive symptoms assumed as normal aging * 20 (10-30%) 10 (6-30%) <0.01
Therapy
Prescription drug (pentoxifylline or vinpocetine alone or in 112/40 (74%/26%) 120/66 (64%/36%) 0.045

*Mann-Whitney U test; otherwise x? test for categorical variables;

*level of risk factor estimation: 0 — unimportant; 1 — important only for old patients; 2 - important for all patients

and considered as important CI factor for 56% respond-
ers (Table 2).

Comparison between general practitioners’ and
general medicine specialists’ perception of mild
cognitive impairment and related risk factors

CVD related RF were estimated as more important by spe-
cialists compared to GPs (p < 0.05). Accordingly, specialists
noticed significantly lower percent of patients without CI
RE, and also assumed less frequently cognitive decline signs
and symptoms as “normal aging” consequence (p < 0.05,
0.01, respectively). Subsequent analysis of possible fac-
tors determining patients’ referral to neurologist revealed
physicians who estimated DM as important factor for all
patients are more prone to cooperate with neurologist to
provide better diagnostics and treatment for potentially CI
jeopardized patients (Table 3). Table 3 also presents data
about therapy practice of GPs/general medicine specialists
regarding MCI patients, revealing more specialist are likely
to prescribe the symptomatic therapy (p < 0.05).
Comparing the physicians who dealt with less than 35%
of patients older than 65 years and those with more than
70% of older ones, we found that those who dealt with
younger patient population, in significantly lower percent
referred patients to neurologist to diagnose their cognitive
decline (data not shown here). As expected, more experi-
enced physicians (more than 30 years of medical service)
considered hypercholesterolemia, obesity, and physi-
cal inactivity as more important inductors of cognitive
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disturbances, than less experienced participants (supple-
mentary Table S1). In contrast to expectations, results
of the questionnaire showed that physicians with larger
number of patients (> 2000 according to medical protocol
registration) performed some of the functional tests (one
or more) on a larger number of patients, compared to col-
leagues with less than 2000 patients [15% (10-30) vs. 10%
(5-28), p = 0.049 by Mann-Whitney U test].

Physicians’ mild cognitive impairment treatment
attitude and practice

Only 5% of physicians did not advice any medication to
patients with CI symptoms. For this indication physicians
usually use two kinds of drugs (pentoxitylline, vinpo-
cetine), many different supplements or different combi-
nations which are commonly used in clinical practice in
Serbia. The most popular supplement for this treatment
area is Ginkgo biloba preparation, recommended from
20.6% of physicians, and the most frequently in combi-
nation with antioxidants (33.2%). Prescription drugs in-
dicated for circulatory disorders (pentoxifylline and vin-
pocetine) were given from 104 (30.6%) physicians, while
the use of dietary supplements was advised from 64.4%
physicians. Pentoxifylline was prescribed from 62 (18.2%)
physicians, alone or in combination with other prepara-
tions; seven physicians (2%) prescribed it as the only
therapy. Vinpocetine, alone or in combination with other
preparations was prescribed from 56 (16.4%) physicians,
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Drug therapy for MCI Il NO O YES

100

Number of subjects
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16.31%)
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unimportant Important for old patierts important for all patients

Diabetes mellitus importance for CI development

Number of subjects
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important for old patients mportant for all patients

Hypercholesterolemia importance as CI nsk factor

Figure 3. Distribution of physicians with different attitude towards hypercholesterolemia and diabetes mellitus importance as
cognitive impairment risk factor who prescribed drug therapy vs. supplements for cognitive impairment; x? test for proportion
comparison is used; p < 0.05 vs. physicians’stance estimated distinct risk factor as less important for both risk factors, respectively

while only in 4.7% of cases as the only drug, according
to data gathered in this current study. Circulatory system
disorders related drugs was prescribed significantly more
by specialists than by GPs (21% vs. 9%, p < 0.01). Detailed
data regarding MCI therapy practice are presented in sup-
plementary Table S2.

Results of this investigation enabled therapy modal-
ity choice analysis and its dependence from physicians’
attitude or judgment of distinct CVD RF as triggers of
patients’ CI (Figure 3). DM and hypercholesterolemia
rating as significant factors for CI occurrence, regard-
less of patients age, leads to significantly higher propor-
tion of any of the two prescription drugs (pentoxifylline
and/or vinpocetine); p < 0.05 for both RF according
to x test.

Logistic regression analysis was performed to assess
possible factors (predictors) for physicians awareness of
CV RF importance and also for providing prescription
drugs (pentoxifylline and/or vinpocetine) among this
study group (Tables 4 and 5). This analysis was a surro-
gate quantitative measure of physicians’ MCI recognition.
After the primary univariate analysis of all possible factors
from the questionnaire, we have selected all predictors with
p <0.100 and included it in multivariate logistic regression
analysis with backward selection to get the best Models of
physicians’ awareness of CV RF importance and therapy
prescription predictors, respectively (Table 4 and 5).

The most significant predictors of RF recognition
were relate to physicians” experience, number of patients
per protocol, number of their CVD-CI RF and percent
of physicians who assumed MCI as normal aging, while
predictors of drugs’ prescription were years of experience,
number of their CVD-CI RF and number of physicians
who performed cognitive tests.

DISCUSSION

Worldwide absolute number of people with dementia was
estimated to 35.6 million in 2010, and it is predicted to
115.4 million people by 2050 [8].

‘ DOI: https://doi.org/10.2298/SARH210620007K

Epidemiological studies revealed MCI prevalence in
people over 65 about 5-10% [9, 10]. MCI is difficult to pre-
dict because diagnosis depends on the precise definitions/
subtypization [11]. One half of the physicians taking a part
in this study were general practitioner with specialization
in general medicine and other half was without special-
ization (basic data about study participants are presented
in Table 1). General insight in regular medical practice
showed a large work load of the Serbian physicians with
about 40 patients per day. Majority of the participants
were experienced physicians with more than 20 years of
service. They reported about 70% of patients had two or
more CVD RF which could be predisposing indicators
of MCI (Figure 1). Detailed physicians’ categorization of
six traditional CVD RF importance for CI progression is
presented in Table 2. In the last decade is recognized that
CVD REF like arterial hypertension, DM, dyslipidemia and
obesity could cause brain alterations, hence problems in
cognition, especially in older patients became evident. RF
are clustered with aging, so intellectual problems in elderly
are not incidental. This relation between number of RF
and cognition impairment are also a part of normal aging
and this is a main obstacle for appropriate MCI diagnosis
[12]. Even subclinical cognitive changes could seriously
disturbed patients’ daily activities and many important
aspects of their general well-being like medication ad-
herence, comorbidity recognition and overall safety [13].
Majority of GPs noticed forgetfulness, decreased concen-
tration, walking instability, thought slowness (symptoms of
damage to small blood vessels in the brain) in 5% to 30% of
their patients, while 5-20% of their patients complained of
forgetfulness, mood swings, walking instability, or a feel-
ing of brain fog (Figure 2). These data are in accordance
with other studies which reported MCI in about 16-20%
of patients over 65 [6]. Number of patients with MCI is
certainly in positive correlation with proportion of older
patients (older population is defined as subjects over the
age of 65, which is in agreement with period of retirement
for working population).

Recommendations from the American Academy of
Neurology [4] are decisive regarding assuming cognitive
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Table 4. Univariate and multivariate logistic regression analysis of predictors for physicians’awareness of cardiovascular risk factors importance

for cognitive impairment development

Predictor B (SE) co;fo?l(ijen ¢ OR (95™ Cl) p

Years of physicians’ experience -0.043 (0.013) 10.30 0.958 (0.934-0.983) 0.001
Physicians’ specialization vs. general practitioner -0.763 (0.265) 8.30 0.466 (0.277-0.784) 0.004
Number of patients in physician’s protocols 0.000 (0.000) 3.40 1.000 (0.999-1.00) 0.066
Percent of patients older than 65 years 0.004 (0.007) 0.30 1.004 (0.990-1.018) 0.573
Percent of patients without CVD risk factors 0.003 (0.014) 0.03 1.003 (0.976-1.030) 0.854
Percent of patients with 1 CVD risk factor 0.023(0.013) 3.20 1.023 (0.998-1.048) | 0.072
Percent of patients with 2 or more CVD risk factors -0.015 (0.007) 4.00 0.985 (0.971-1.000) 0.046
Percent of physicians perceiving MCl symptoms as normal aging 0.011 (0.006) 3.40 1.011(0.999-1.023) | 0.065
Percent of physicians who perform MCl tests -0.006 (0.006) 0.90 0.994 (0.983-1.006) | 0.341
Percent of physicians who referred MCl suspected patients to neurologist | -0.006 (0.004) 2.00 0.994 (0.986-1.002) 0.153

Multivariant analysis — the best model*

Years of physicians’ experience -0.051 (0.015) 11.9 0.950 (0.923-0.978) | 0.001
Number of patients in physician’s protocols -0.001 (0.000) 2.8 0.999 (0.998-1.000) 0.094
Percent of patients with 2 or more CVD risk factors -0.020 (0.008) 6.2 0.980 (0.964-0.996) | 0.013
Percent of physicians perceiving MCl symptoms as normal aging 0.013(0.007) 4.0 1.013(1.000-1.027) | 0.047

CVD - cardiovascular disease; MCI - mild cognitive impairment; B (SE) - beta coefficient (standard error), OR - odds ratio with 95th confidence interval;
*Variables selected for multivariant analysis according to p from the univariant analysis < 0.100

Table 5. Univariate and multivariate logistic regression analysis of predictors for providing prescription drugs (pentoxifylline and/or vinpocetine)

by physicians

Predictor B (SE) co;fo?l(ijen ¢ OR (95™ Cl) p
Years of physicians’ experience 0.037 (0.012) 9.2 1.038 (1.013-1.064) 0.002
Physicians’ specialization vs. general practitioner 0.432 (0.240) 3.247 1.54 (0.96-2.46) 0.072
Number of patients in physician’s protocols 0.000 (0.000) 0.885 1.00 (0.99-1.00) 0.347
Percent of patients older than 65 years -0.001 (-0.006) 0.014 0.99 (0.99-1.01) 0.906
Percent of patients without CVD risk factors 0.004 (-0.012) 0.136 1.00 (0.98-1.03) 0.712
Percent of patients with one CVD risk factor 0.008 (-0.010) 0.652 1.01 (0.99-1.03) 0419
Percent of patients with two or more CVD risk factors -0.024 (0.011) 4,607 0.98 (0.96-0.99) 0.032
Percent of physicians perceiving MCl symptoms as normal aging -0.002 (0.006) 0.137 0.99 (0.98-1.01) 0.711
Percent of physicians who perform MCI tests 0.012 (0.005) 5.686 1.01 (1.00-1.02) 0.017
:’:n::::;::gil;)tlsmlans who referred MCl suspected patients 0.006 (0.001) 2640 1.01(0.99-1.02) 0.100
Physicians’ estimation of arterial hypertension importance 0.113 (0.110) 1.058 1.12(0.90-1.39) 0.304
Physicians’ estimation of diabetes mellitus importance 0.300 (0.143) 4373 1.35(1.02-1.79) 0.037
Physicians’ estimation of hypercholesterolemia importance 0.182 (0.126) 2.077 1.20 (0.94-1.54) 0.150
Physicians’ estimation of obesity importance 0.011 (0.102) 0.011 1.01 (0.83-1.23) 0.918
Physicians’ estimation of smoking importance 0.121(0.114) 1.139 1.13(0.90-1.41) 0.286
Physicians’ estimation of physical inactivity importance 0.184(0.119) 2.392 1.20(0.95-1.52) 0.122
Multivariant analysis - the best model*

Years of physicians’ experience 0.039 (0.014) 7.8 1.04 (1.01-1.07) 0.005
Percent of patients with two or more CVD risk factors -0.029 (0.013) 5.1 0.97 (0.95-0.99) 0.024
Percent of physicians who perform MCI tests 0.013 (0.005) 5.8 1.03 (1.01-1.05) 0.016

CVD - cardiovascular disease; MCl - mild cognitive impairment; B (SE) - beta coefficient (standard error), OR - odds ratio with 95th confidence interval;
*Variables selected for multivariant analysis according to p from the univariant analysis < 0.100

symptoms as normal aging, late diagnosis will lead to failed
recognition of reversible CI symptoms. This in turn may
affect patients’ life quality, course of the disease, pro-
gression to dementia, as well as the cost increase for the
healthcare system. Serbian physicians generally reported
CI symptoms as “normal aging” in less than 25% of their
patients (Figure 2).

Undiagnosed MCI in older population ranged from
50-75% according to results of different studies and is a
consequence of various backgrounds [14]. GP listed sev-
eral reasons: lack of time, early symptoms unrecognition,
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insufficient knowledge about screening methods, discom-
fort between physician, patients and their family caused by
coping with this issue, lack of disease-specific biomarker
and limitation of treatment options [15]. Although the
physicians generally do not ignore MCI symptoms, they
rarely proceed to perform regular cognitive functional tests.
Physicians responded that in most of the cases they perform
CI functional tests in less than 25% of patients suspected to
have MCI. The reasons could be patient-related, as shown
in a study by Judge et al. [15], stating that patients fre-
quently avoided disclosing symptoms, assuming that they
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are part of normal aging; long waiting list and insufficient
time for patients’ examination hinder GPs ability to act and
cause patients miss further checkups. Higher percent of
physicians (38%) referred more patients to neurologist for
specialized diagnostics and therapy (Figure 4), and this,
while more encouraging, is still a low percent of interven-
tion for MCI suspected patients. According to the Serbian
National Guideline for Good Clinical Practice — Alzheimer’s
disease [16], every patient with cognitive symptoms and
suspicion of CI must be tested and referred to a neurolo-
gist. GP estimated DM as the most important RE then hy-
percholesterolemia, smoking, and physical inactivity. This
part of investigation could explain general position of these
CVD REF as significant predictors of universal cognitive
health determinant (Figure 3). DM, smoking and physical
activity were rated as equally important as CI predispos-
ing RF by 50% or more GP. Physicians rated diabetes as
important RF are more likely to cooperate with neurolo-
gist. Hypertension and especially obesity were rated as less
important RE which is surprising finding of this study. It
is worrisome, that arterial hypertension so as hypercho-
lesterolemia are perceived as important RF only for older
people, by significantly large percent of GPs (31%, 37%,
respectively). CVD-related pathology alters brain structure,
leading to gray matter atrophy, white matter lesions, and
damage of subcortical white matter pathways [17]. Current
neurophysiological literature reports significance of hyper-
tension directed to memory, attention, complex activities
and meaning, appropriate behavior [18]. Regular testing
of cognitive abilities, even from middle age, and CVD RF
screening is essential, because adequate control of these
factors could prevent CI progression to dementia [12]. The
results we obtained have shown urgent need for increasing
the awareness of GPs on the connection between CVD RE
especially hypertension, and CI and the basic CI testing rec-
ommendations and relevant therapeutic approaches for this
condition. In the light of the current COVID-19 pandemic
situation, we must pose a question — what will be the conse-
quences of subordinating all domains of healthcare system
to this infectious disease and what will be the destiny of
MCI patients if left undiagnosed and without therapeutic
and/or lifestyle interventions?

GPs and general medicine specialists’ comparison, un-
derlined more experience and broader view of later study
participants. The main results refer to more cautious stance
of specialists towards CI phenomenon among patients
(Table 3). Also, four important CVD RF were estimated
as more important by specialists compared to GPs. The
similar result was evident when comparing GPs experi-
ence: physicians with more than 30 years of service rated
hypercholesterolemia, obesity, and physical inactivity as
more important RF for MCI than participants with less
than 30 years of service. This is surplus evidence that the
amount of knowledge and experience is crucial in form-
ing the physicians’ attitude towards CI and their clinical
decisions. Physicians with higher workload are more dili-
gent towards CI test performance. We suppose that GPs
with more patients are in fact “popular” physicians, maybe
because of their professionalism and assiduity (Serbian
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general practice is based on a “chosen physician” model).
There are attempts to develop simple diagnostic screening
tool rely on verbal fluency, which is recently confirmed
by McDonnell et al. [19] and Nguyen and Lee [20], but
Abdivalievna et al. [21] emphasized the significance of
patient’s emotional state for the proper diagnosis of MCIL

One of the discouraging reasons for GP s” hesitation
apropos MCI diagnosis is the lack of appropriate therapy
options, the data showed in the study by Judge et al. [15].
Therapy for MCI is Alzheimer’s indicated therapy, like do-
nepezil (acetyl-choline esterase inhibitor), with proofed
ability to postpone dementia [22]. Majority of GPs suggest
different antioxidants as therapeutic choice. Ginkgo biloba
supplements alone, or in combination with antioxidants
are the most frequently used, while a small percent of GPs
prescribe pentoxifylline or vinpocetine as the only two
substances categorized as medicinal products approved
for the circulatory disorders in Serbia. GPs’ prescribed
combination of pentoxifylline or vinpocetine with anti-
oxidants or Ginkgo biloba supplements in low percent of
cases. Physicians are more prone to providing therapy if
they perceive arterial hypertension and/or hyperlipidemia
as highly important RF for all patients, regardless of age.
Physicians who estimate DM and/or hyperlipidemia as
important RF for MCI development are likely to prescribe
pentoxifylline and/or vinpocetine (Figure 3).

Pentoxifylline activity depends on its positive hemorhe-
ological characteristics that affects microcirculation, its
main indication is in the treatment of intermittent clau-
dication [23]. McCarty et al. [24] revealed positive pent-
oxifylline influence at reducing dementia progress in pa-
tients with documented cerebrovascular disease, which
was confirmed in studies by Rasyid et al. [25], Khan et al.
[26] and Sha and Callahan [27]. Vinpocetine is the active
ingredient of a drug registered for the treatment of symp-
toms of chronic cerebrovascular disorders. Vinpocetine
has complex mechanism of action, involving brain circu-
lation augmentation, oxygen utilization, increasing tol-
erance of neural tissue towards hypoxia/ischemia, anti-
convulsive activity, inhibition of the phosphodiesterase
enzyme, enhancement of blood rheological properties and
anti-aggregatory activity [28]. Study dealt with geropro-
tectors development presented vinpocetine as potential
anti-aging agent, even its activity in Alzheimer’s has not
been confirmed [29]. Multiple regression analysis of pre-
dictors model of factors which are connected with CV RF
recognition so as commitment to symptomatic therapy for
MCI prescription stressed the importance of more years of
work experience and more specialized medical education.
Experienced clinicians use sophisticated diagnostic tech-
niques, because of awareness about different therapeutic
possibilities. Lee et al. documented the need for continuing
medical education, which is in line with our own results
[30]. We want to emphasize that the answer about pre-
scribing practice could have been significantly influenced
by the fact that GPs were asked about prescribing drugs
for symptoms of small vessel disease in the brain, which
affects not only cognitive functions, but also other brain
functions.
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CONCLUSION beneficial effect in slowing down MCI progression and
when combined with adequate control of RF, even lead-
ing to its reversal in certain number of affected subjects.
Future investigation should be more patients-oriented in

order to estimate their real-life behavior and to suggest

Results of this study revealed physicians’ working experi-
ence and specialization as main factors for MCI diagnosis
and treatment. General medicine specialists showed bet-

ter recognition of MCI, so as CVD RF appreciation. The
target group for education are younger physicians with less
experience/without specialization. New age demands about
faster and more focused education revealed short courses
or educational workshops devoted to MCI diagnostics and
therapy as acceptable option. Therapeutic approach should
be grounded on evidence-based prescription treatment,
instead of per inertia dietary supplements use, due to the
lack of valid clinical evidence for the latter. Current rec-
ommendations include different cognitive exercises and
physical activity for older people. Although we do not have
a direct question about this kind of practice among Serbian
GPs, according to our experience, this is a real-life practice
in Serbia, as a potential measure for dementia prevention.
The implementation of these interventions has a proven

these simple, but potent life-style measures.
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Mpeno3HaBarbe U eyerbe 6aaror KOrHUTUBHOT Nopemehaja y npakcu neKkapa onwTe

meguuuHe Cpbuje

Munena Koctuh', Maputa Quwekosuh-Kpemnh?, Mupa Kuw-Bemkosuh?

'Nlom 3gpassba ,Jp Hhophe Kosauesnh', Jlazapesau, Cpbuja;
“[lom 3apaemba ,Hosu Beorpan’, Beorpag, Cpbuja;
*[lom 3apaema,ben Meguk’, Beorpag, Cpbuja

CAXETAK

YBog/Lum Bnaro korunTtreHo owTehemwe (BKO) cTame je
NPOrpecMBHOr KOFHUTUBHOT OMajakba, Koje IeKapy onTe
MefULMHe PeTKO NPeno3Hajy, LWTO je pa3fior KaCHOr fevyerba
1 6p30r HanpeaoBakba Ka 036UbHKjeM CTatby. [NaBHe CMeTHe
npasoBpemeHoM fieyerby BKO cy HepocTaTak fnjarHOCTUYKIMX
NPOTOKOA U KNMHUYKNX CMEPHULIA, KAao U HeloCcTaTak 3Hakba U
HeroBepetbe y GapMaKoJIoLLKe Tepanujcke MoryhHocTu.
Linsb oBor nctpaxuBara 6110 je fa ce NpoLeHY HUBO NPEeno-
3HaBarba cumnToma bKO of cTpaHe nekapa onwTte meguunHe
1 FUXOBO OMaxakbe 3HauajHMX haKTopa pr3vKa 3a pa3Boj oBor
obosbetba.

Metope YuecHuum KoHPepeHuyje ,[JaHu onwwte MeguumnHe’, ne-
Kapw onwTe MeguumHe (Cpbuja, mapt 2018), n = 340, nonyHunm
Cy YNMUTHYK ca 12 N1Takba 0 Npeno3HaBatby U neyerby 6onecHu-
Ka ca BKO. 3a npuika3 pe3yntata KopuwheHu cy AecKpUnTmB-
Ha CTaTUCTVKa, x°, MaH-BuTHujeB U TecT, GriHapHa NorncTryKa
perpecmoHa aHanu3a, Aa 6y ce NPoLeHUIN NPeanKTopu n3bopa
Tepanuje nekoBuma.

DOI: https://doi.org/10.2298/SARH210620007K

Pesyntatu [oka3aHo je fa nekapy onwTe MeAULMHE Npeno-
3Hajy AujabeTec Kao HajBaxkHUju dpakTop 3a BKO, 3aTum xvnep-
XxonecTteposemujy, nyLlere 1 CeAeHTapHO NOHallakbe, AOK ce
XUNepTeH3wja 1 roja3HOCT cMaTpajy Makbe BaKHM. OHU nekapu
onLiTe MeAMLHe Koju cy Anjabetec 1 xunepxonecteponemujy
MPOLIEHWN Kao BaXkHUje 3a cBe 60NeCHMNKe 3HAaTHO CY CKITOHUjK
MPOnMc1Batby CUMMTOMATCKUX 1eKOBA (MEHTOKCUOUINH U BUH-
noueTuH), p < 0,05 npema x? TecTy. Jlornctnuka perpecroHa
aHanv3say Be3wu ca npeAsuharbnma NpuMeHe CMNTomMaTcKe
Tepanuje Nokasana je fja Cy rofuHe NCKyCTBa Jiekapa HajBa-
XHUWjU NpepmnKTop M3bopa Tepanuje nekosuma (p < 0,01).
3aKsbyuakK PesynTaTi oBor CTpaxVBatba yKkasanu Cy Ha noTpe-
6y epykauuje mnagux nekapa o bKO, kako 61 ce nobosbLianu
AVjarHo3a 1 neyere oBUX 60NecHUKa.

KrbyuHe peun: 611aro KorHuTBHO olwuTehetbe; AnjarHosa; dap-
MaKOJIOLLKa Tepanuja; neKapy onwTe MeguumHe
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Supplementary Table S1. Comparison of attitudes towards mild cognitive impairment risk factors importance in subgroups of general prac-
titioners according to years of experience

Experience - years of service

Variable < 30 years > 30 years p
Risk factors for cognitive impairment — physicians’ perception

Hypercholesterolemia 60/96/84 16/25/44 0025
unimportant / important only for older patients / important for all patients (25/40/35%) (18.8/29.4/51.8%) ’
Obesity 117/52/67 27/17/41 0.003
unimportant / important only for older patients / important for all patients (49.6/22/28.4%) (31.8/20/48.2) '
Physical inactivity 65/60/109 13/20/53 0.029
unimportant / important only for older patients / important for all patients (27.8/25.6/46.6%) (15.1/23.3/61.6%) '

Supplementary Table S2. List of different drugs, supplements or its combination prescribed by physicians involved in this study

Cognitive impairment therapy Number of physicians Percent
Without any drug / supplement 17 5
Antioxidants 24 7.1
Ginkgo biloba preparation 70 20.6
Vinpocetine 16 4.7
Pentoxifylline drug 7 2
Other 2 0.6
Combination

Antioxidant + Ginkgo biloba supplements 113 332
Antioxidant + vinpocetine 3 0.9
Antioxidant + pentoxifylline 6 1.8
Ginkgo biloba supplements + vinpocetine 3 0.9
Ginkgo biloba supplements + pentoxifylline 8 24
Ginkgo biloba supplements + other 1 0.3
Vinpocetine + pentoxifylline 1 0.3
Vinpocetine + other 2 0.6
Pentoxifylline + other 1 0.3
Antioxidant + Ginkgo biloba supplements + vinpocetine 15 44
Antioxidant + Ginkgo biloba supplements + pentoxifylline 24 7.1
Antioxidant + Ginkgo biloba supplements + other 4 1.2
Antioxidant + vinpocetine + pentoxifyllin 1 0.3
Ginkgo biloba + vinpocetine + pentoxifylline 4 1.2
Ginkgo biloba + vinpocetine + other 1 0.3
Antioxidant + Ginkgo biloba supplements + vinpocetine + pentoxifylline 6 1.8
Antioxidant + Ginkgo biloba supplements + vinpocetine + other 2 0.6
Antioxidant + Ginkgo biloba supplements + pentoxifylline + other 1 0.3
Antioxidant + Ginkgo biloba supplements + vinpocetine + pentoxifylline + other 3 0.9
Missing data 5 1.5
Total 340 100
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SUMMARY

Introduction/Objective The objective was to explore whether there is a difference in headache mani-
festation and level of its intensity in patients with functional dyspepsia and irritable bowel syndrome.
Methods We assessed a cohort of 420 participants out of which 300 satisfied the recruiting criterion of
the presence of irritable bowel syndrome (148) or functional dyspepsia (152). Diagnoses of irritable bowel
syndrome and functional dyspepsia were made according to Rome IV criteria. Intensity of headaches was
estimated in irritable bowel syndrome and functional dyspepsia participants using visual analog scale.
All the patients underwent subsequent testing by Hamilton’s Depression Inventory and anxiety scale.
Results Our results showed that males with headaches are more susceptible to functional dyspepsia,
statistical significance in the group of patients with irritable bowel syndrome with high scores on the
visual analog scales, in relation to Hamilton's anxiety scores in the group of patients with irritable bowel
syndrome. Gender and visual analogue scale scores were determinants to show whether the patient falls
within the group of functional dyspepsia or irritable bowel syndrome. Scores of visual analogue scale
where the patient felt the best was statistically borderline (p = 0.061) and its higher values pinpointed
which of those patients fall into irritable bowel syndrome group.

Conclusion Gender and level of headache intensity as a extraintestinal manifestation showed to be the
main variables to make a difference between patients with functional dyspepsia and irritable bowel
syndrome where irritable bowel syndrome had higher scores and greater dominance in differential
diagnosis if the headache was determining variable.
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INTRODUCTION

Migraine is a primary headache typically char-
acterized by unilateral pulsating head pain
that is aggravated by routine physical activity
and may be accompanied by a variety of auto-
nomic, cognitive, and emotional disturbances
[1]. Headaches are reported to be evaluated as
one of the top rated self-reported physical dis-
orders [2]. Estimated one-year prevalence of
migraine is approximately 14% in the general
population and the association between head-
ache and gastrointestinal complaints increased
with increasing headache frequencies. Chronic
migraine-like headache was reported in about
30% patients with functional dyspepsia (FD),
but the pathophysiology is still not fully un-
derstood [3, 4]. Functional gastrointestinal and
motility disorders are a group of disorders of
gut-brain interaction, which are categorized
by Rome diagnostic criteria as symptom-based
diagnostic criteria for each category [5]. Due
to the fact that the prevalence of functional di-
gestive disorders and irritable bowel syndrome
(IBS) are still underestimated with the currently

applied diagnostic tools, some other improved
criteria or point of view are needed as the treat-
ment is still not very efficient and satisfactory.
IBS presents a neurogastroenterological func-
tional disorder that shares some environmental
risk factors with migraine (predominately af-
fecting the female sex and younger individuals).
It is a group of bowel disorders with specific
abdominal discomfort or pain correlated with
bowel habit irregularities. FD refers to pain
or specific discomfort in the topographic re-
gion of the upper abdomen. IBS and FD share
many somatic and psychiatric comorbidities
[6]. Except for the headaches as one of the
most prominent extraintestinal neurological
manifestation, GH presents one of esophageal
disorders manifesting as a sensation of a lump
or tightness in the throat, which also can be at-
tributed to psychogenic cause i.e., somatoform
or anxiety disorder [7].

The objective was to explore whether there
is a difference in headache manifestation and
to evaluate the level of its intensity in patients
with FD and IBS.



Is there a difference between patients with functional dyspepsia and irritable bowel syndrome in headache manifestation?

METHODS

We assessed a cohort of 420 participants, out of which
300 (174 females and 126 males) satisfied a recruiting
criterion of the presence of IBS (148) or FD (152). The
participants were 18-80 years old and were referred to
the gastroenterology unit of the Dr Dragi$a MiSovi¢ -
Dedinje Clinical and Hospital Center from January to
December of 2019. Diagnoses of IBS and FD were made
according to Rome IV criteria [5]. The participants satis-
tied the following inclusion criteria: 1) older than 18 years;
2) no evidence of organic disease on the upper and lower
endoscopy examination; 3) normal findings on abdomi-
nal ultrasonography; 4) no history of abdominal surgery;
5) absence of any cardiovascular or metabolic disease to
avoid vasculoprive or headaches related to the impaired
metabolism or endocrine function; and 6) no evidence
about prior neuropsychiatric treatment.

Participants underwent a clinical interview and physical
and neurological examinations by experienced neurolo-
gists in order to exclude headaches associated with neu-
rological disorders and to assess for presence of migraine-
like migraine. A migraine has been diagnosed according
to International Classification of Headache Disorders 3™
edition [8].

The intensity of headaches has been estimated in IBS
and FD participants using visual analogue scale (VAS),
where 0 is the absence of pain and 10 is the worst possible
pain. VAS scale was used to assess pain in three states: pain
when the patient was at his/her best (VAS best), baseline
pain (VAS typical), and pain when the patient was at his/
her worst (VAS worst). It is important to note that we rean-
alyzed the data from our two groups (IBS, n = 148, and FD,
n = 152) to determine the mean of VAS pain intensity rat-
ing and changes scores on 10-cm-rating scale, 0-0.4 cm sig-
nified no pain; 0.5-4.4 cm signified mild pain, 4.5-7.4 cm
moderate pain, and 7.5-10 cm severe pain.

Participants underwent psychiatric examination includ-
ing psychiatric interview/evaluation by the specialist of
psychiatry in order to assess the presence of depressive
or anxiety disorder and to exclude other psychiatric co-
morbidities. The patients underwent subsequent testing
by Hamilton’s anxiety (HA) and depression (HD) 21-
item inventory, Serbian version [9]. Typically, Hamilton
Depression Inventory contains items related to gastroin-
testinal symptoms and weight loss. Please note that these
were omitted because the mentioned symptomatology
is part of the illness. The diagnosis of globus hystericus
(GH) has been made according to the 10th revision of the
International Classification of Diseases (ICD-10) criteria
for the diagnosis code F 45.8 [7]. The presence of GH was
assessed by routine questionnaire used during the first visit
to the gastroenterologist.

Statistical analysis
We used Pearson’s x* test with likelihood ratio correction to

compare groups among categorical data when necessary.
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For those variables expressed with the scores, testing was
performed to verify if the normal distribution exists and,
in that case, we used the Kolmogorov-Smirnov test. Non-
parametric test methods were used for further analysis.
The Mann-Whitney test was used to compare the param-
eters on the scale to determine the difference. A binomial
logistic regression analysis, the stepwise backward method,
was used to define the determining variables that may be
influencing the prediction of group aftiliation. We used the
software program IBM SPSS Statistics, Version 27.0 (IBM
Corp., Armonk, NY, USA) with a significance threshold
of p = 0.05.

The protocol involving human data was in accor-
dance with national and institutional guidelines and the
Declaration of Helsinki. All the participants were informed
about the study protocol and they provided written con-
sent. The study was approved by the Ethics Committee
of Dr. Dragisa Misovi¢ — Dedinje Clinical and Hospital
Center (18-6685/2019).

RESULTS

Demographic data imply that examined groups were of
similar size (p = 0.808), gender-balanced with slightly more
women within examined groups (p = 0.122). The mani-
festation and occurrence of headaches is less pronounced
according to our results but not statistically significant
(p = 0.073). Manifestation of GH and scores of HA were
almost completely uniform within the observed categories
(p=0.755 and p = 0.949, respectively). The HD scores
were mostly uniform and did not show a statistically sig-
nificant difference (p = 0.271). The scores of HD, HA, VAS,
as well as the ages of the examined patients did not have
a normal distribution, therefore we used non-parametric
tests and based our results on the Mann-Whitney test. In
all cases, the groups were uniform (p > 0.05) and at the
very beginning did not differ according to the observed
parameters (Tables 1 and 2).

Demographic data showed no statistical difference be-
tween FD and IBS groups (p > 0.05) (Table 1).

VAS score and Hamilton’s scales showed no difference
between the examined groups when Mann-Whitney test
was done, but when we made a separation into groups of
those who did experience headaches and those who did
not, the statistical significance was shown in male patients
with FD, which is shown in Table 2.

Since headache was found as one of the dominant deter-
minant variables in logistic regression analysis, the influ-
ence of the determining variable between the examined
groups and observed variables was measured (Table 3).

Sex (gender) had an impact on FD and IBS when related
to headache, as seen in Table 4. Males with headaches were
more susceptible to FD, HR = 1.829 (1.043-3.206).

GH, HD, HA show no statistical difference between the
groups if headache is observed as a determining variable
(p > 0.05).
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Table 1. Group comparisons by category parameters

Starcevic¢ A. et al.

In VAS scores (worst and best) there was a sta-

Group | tistical significance between FD and IBS where IBS
Parameters FD IBS fota had higher scores if the headache is the determining
Male n(%) | 49(56.3) | 38(43.7) | 87(100) variable. In contrast to this, in a situation without
s 0.122 e
ex Female | n(%) | 99(465) | 114 (53.5) | 213 (100) headache only HA scale showed some upper limits
in IBS group of patients as statistically significant
Yes n(%) | 51(57.3) | 38(42.7) 89 (100)
Headache . 0.073 (p < 0.05) (Table 5.)
No n(%) | 97(46) | 11464 | 211(100) In the group of those who had headache, logis-
Globus T n(%) | 63(504) | 62(496) | 125(100) | _ | tic regression showed determining variable within
No n(%) | 85(48.6) | 90(51.4) | 175(100) | each examined group and sex (gender), VAS best,
None n%) | 7438 | 9(563) | 16(100) VA§ typical, e.m(.i VAS worst determined whether
Mild N6 | 3947.6) | 43(524) | 82(100) patient f'all.s within the group of FD or IBS.. VAS best
HD o . 2 " 0.271 was statistically borderline (p = 0.061). Higher VAS
oderate | n (%) | 52(448) | 64(55.2) | 116(100) best score shows HR = 1.410 (0.984-2.020), which
Heavy | n(%) | 50(58.1) | 36(41.9) | 86(100) pinpoints that those patients fall into the IBS group.
None n%) | 9(563) | 7(438) | 16(100) VAS typical shows less hazard to be IBS if scores are
HA Mild n(%) | 75(49.3) | 77(50.7) | 152(100) 0545 higher HR = 0.577 (0.377-0.884). VAS worst shows
Moderate | n (%) | 22 (47.8) | 24 (522) | 46(100) | a m}i)re importan'E role to dete;mine the IBS group
with HR = 2.191 (1.273-3.771).
H %) | 42 (48.8 44 (51.2 86 (100
cavy | ni%) 88 612 ) In situations without headache, the only important
0,
Total n (%) | 148 (49.3) | 152(50.7) | 300 (100) variable is HA, where HR score shows to fall with-

FD - functional dyspepsia; IBS - irritable bowel syndrome; HA — Hamilton'’s anxiety;

HD - Hamilton’s depression

Table 2. Group comparisons by score parameters

Group
Parameters ED IBS p
Median IQR Median | IQR

Age 425 25 45 22 0.333
VAS now 0 4 0 2 0.815
VAS best 0 0 0 0 0.168
VAS typical 0 4 0.170
VAS worst 0 8 0 8 0.430
HD 21 13 21 9 0.242
HA 15.50 12 16 12 0.391

FD - functional dyspepsia; IBS - irritable bowel syndrome; HA — Hamilton’s
anxiety; HD - Hamilton's depression; IQR - interquartile range; VAS - visual
analogue scale

Table 3. Logistic regression, stepwise backward method, for Group
predictions and determined parameters

Parameters HR 95% CILL | 95% Cl UL p

VAS Best 1.438 1.042 1.985 0.027
HA 1.040 1.001 1.080 0.043
Headache (No) 3.307 1.599 6.839 0.001
Constant 0.186 0.005

HA - Hamilton’s anxiety; VAS - visual analogue scale

Table 4. Determined Headache parameter and comparison of the
parameters Sex and Groups

Headache Group Total p
FD IBS

Sex Male n (%) |27 (71.1) | 11(28.9) | 38(100)

Yes Female | n (%) | 24 (47.1) | 27 (52.9) | 51(100) |0.024
Total n (%) |51(57.3) | 38(42.7) | 89(100)
Sex Male n (%) | 22 (44.9) | 27 (55.1) | 49 (100)

No Female | n (%) | 75 (46.3) | 87 (53.7) | 162 (100) | 0.863
Total n (%) | 97 (46% | 114 (54) | 211 (100)

FD - functional dyspepsia; IBS - irritable bowel syndrome
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in the scope of IBS with higher values HR = 1.092
(1.022-1.166) (Table 6)

DISCUSSION

There is a significant overlap between FD and IBS clinical
manifestations. Headaches, especially migraines, present
one of the most important and disabling manifestations in
above mentioned gastrointestinal disorders, proving a very
important and powerful role of the brain-gut axis [4, 10].

In our study, we used the presence of headaches and
relation to their specific intensity (VAS scale scores) based
on which we made a separation between the patients with
FD and those with IBS.

Migraine-like headaches present a very disabling condi-
tion, often recurrent and severe with concomitant gastro-
intestinal features and affect women more frequently than
men [11]. It was also shown that FD affects women more
than men in daily life [12].

Our results showed that gender had an impact on FD
and IBS when related to headache, showing that males with
headaches are more susceptible to FD. When we made
a separation into groups of those who did experience
headaches and those who did not, the statistical signifi-
cance was shown in the group of male patients with FD.
In previous studies conducted related to gender differences
in migraines it was shown that man tend to have longer
remission periods than women and that headache attack
frequency and their intensity are similar to both genders
with severe migraines persisting longer in women [13].

The VAS evaluates the severity of subjective symptoms
in patients, especially in measuring pain. Our results
showed that there is statistical significance in the group of
patients with IBS who had high scores on the VAS, which
correlates with previous studies.

Migraine headaches have a higher prevalence in patients
with IBS compared to the general population. Li et al. [14]
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Table 5. Determined Headache parameter and comparisons with parameters Score and Groups

Headache
Parameter Group Yes No
n Mean Median STD p n Mean Median STD p

FD 51 41.41 33 15.478 97 44.61 43 13.610

Age 0.549 0.557
IBS 38 41.03 41.50 11.554 114 45.63 45 13.415
FD 51 4.73 5 2.601 97 0.05 0 0.508

VAS Now 0.123 0.142
IBS 38 5.18 6 2415 114 0.29 0 1.480
FD 51 0.63 0 1.183 97 0 0 0

VAS Best 0.028 0.191
IBS 38 1.21 0 1.492 114 0.04 0 0.295

i FD 51 6.06 6 1.580 97 0.12 0 0.869

VAS Typical 0.943 0.351
IBS 38 5.97 6 1.602 114 0.25 0 1.209
FD 51 8.47 8 1.206 97 0.27 0 1.517

VAS Worse 0.023 0.423
IBS 38 9.03 9 1.150 114 0.50 0 2.138
FD 51 28.61 28 4.976 97 16.74 17 5.553

HD 0.656 0.748
IBS 38 28.53 27 4.607 114 16.82 18 5.508
FD 51 26.61 30 8.139 97 15.70 15 4.895

HA 0.403 0.035
IBS 38 27.82 30 7.665 114 17.31 15 6.046

FD - functional dyspepsia; IBS - irritable bowel syndrome; HA — Hamilton'’s anxiety; HD — Hamilton’s depression; VAS - visual analogue scale

Table 6. Logistic regression, stepwise backward method, by determin-
ing parameter Headache to identify prediction variables to identify
the groups

Headache | Parameters HR 95% CI LL | 95% Cl UL p
Sex (male) 0.253 0.089 0.718 0.010
VAS Best 1.410 0.984 2.020 0.061

Yes VAS Typical | 0.577 0.377 0.884 0.011
VAS Worse 2.191 1.273 3.771 0.005
Constant 0.028 0.055
HA 1.092 1.022 1.166 0.009

No Constant 0.613 0.402

HA - Hamilton’s anxiety; VAS - visual analogue scale

showed that patients with reported chronic headaches are
more likely to have IBS.

Our results also showed statistical significance in rela-
tion to HA scores in the group of patients with IBS. Anxiety
presents a psychiatric disorder which attacks individuals
with IBS and therefore might worsen their condition. The
reason lies in the fact that colon as an anatomical substrate
is under control of nervous system responding to stress.
Affected hypothalamic-pituitary axis (HPA) activates a
stress biochemical cascade, which triggers the immune
system as well, playing a significant role. Although anxi-
ety itself mostly does not cause a gastrointestinal disorder,
these patients are more emotional to everyday life stressors.

When we analyzed all significant variables in the group
of patients with headaches, our results showed that gender,
VAS best, VAS typical, and VAS worst were determinants
whether a patient falls within the group of FD or IBS. VAS
best was statistically borderline and higher VAS best score
pinpointed which of those patients fall into the IBS group.
Generalized inflammatory response rather than isolated
bowel inflammation may play the key role in the pathogen-
esis of the extra-intestinal manifestations of IBS.

The activation of HPA was associated with stress and
the increase of IL-6 in the peripheral blood. There is also
a link between inflammation and mental disorders in
patients with anxiety and depression that had immune
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response correlated to increased levels of serum C-reactive
protein and other inflammatory mediators [15, 16, 17].

Patients with overlapping IBS and FD symptoms had
more severe psychological problems and problems with
anxiety and depression as an independent factor [18].

It has been hypothesized that the underlying patho-
physiology for both IBS and migraine is a genetically
established hypersensitive or hyperexcitable brain [19].
Environmental, psychological, and immunological fac-
tors may increase sensitization in the enteric nervous sys-
tem and brain gut axis in IBS. Increased amygdala activ-
ity, demonstrated in IBS, could also be linked with the
conversion dysphagia, also known as GH and subsequent
influence to the emotional zones [20]. Abnormalities in
emotion regulation and connectivity have been identified
in non-symptom studies about conversion disorders, po-
tentially pointing to a diathesis or vulnerability: two studies
found an abnormal emotion-motor connectivity, and a
failure of normal habituation [21].

Many researchers debated about precise pathophysiologi-
cal mechanisms of migraines and one of them is vascular
due to the vasodilatation of the middle meningeal artery
and middle cerebral artery on the side of the brain where
the pain occurs, or bilaterally if the pain attacks from both
sides. It is widely considered that the inflammation is the
core mechanism and that the inflammatory mediators play
the main role. Among the others the most important and the
oldest are histamine and tumor necrosis factor alpha [17].

The link between depressive and anxiety symptomatol-
ogy with functional gastrointestinal disorders’ clinical
symptoms may refer to a low concentration of serotonin
(5-HT), which correlates to greater nociception of trigem-
inal neurons, which also produces a clinical correlation
with different migraine intensities in pain [22]. Serotonin
5-HT1F receptor agonists are on the list of prophylactic
drugs for migraine, implying that a lower concentration
of serotonin decreases the stimulation of the mentioned
receptors which are hypothesized to have an important
role in migraine genesis [23, 24]. Moreover, probiotics are
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believed to be of potential benefit in the treatment of mi-
graine, as well as IBS and FD [25].

The results from a double-blind randomized controlled
experimental investigation showed based evidence of cor-
relation between IBS and migraine showing expressed im-
munoglobulin G antibodies reduced the frequency and the
level of migraine attacks after specific food deprivation and
reduction, which pinpoints the growing significance of the
gut-brain axis [26].

There is also evidence showing a correlation between
pain-related functional gastrointestinal disorders and mi-
graine in pediatric population, as well as much evidence
based on association of anxiety, depression, and FD [27].

Finally, migraine in functional disorders of the gastro-
intestinal tract is interpreted as disrupted balance of mi-
crobiota in the gut and its influence to pain sensations and
impaired brain-gut axis [15]. The concept of microbiota
gut-brain axis refers to a significant role of the modulated
enteric and central nervous system function disrupting
mood and affection by modifying serotonin, which plays
a key role in both gastrointestinal tract and in the brain
[28,29].

Gut microbiota in correlation with the gut-brain axis
defines itself as the main new to-be-defined axioma in
functional sense of evidence-based functional substrate on
precise explanation of neuropsychiatric and functional gas-
trointestinal disorders interaction. Management options of
headaches which are typically diagnosed very late impact
the quality of life of a patient and therefore the develop-
ment of treatment regime with less potentional side effects
correlated with patients with functional gastrointestinal
disorders is of huge importance. Defining morphological
anatomical substrate is the main step in defining an illness
or disorder, but in this case we must be aware of the fact
that the systems and their interaction understanding pres-
ent the main step in defining functional gastrointestinal
disorders and migraine attacks [30].

Study strengths

The study largely contributes to the development and
improvement of differential diagnosis and treatment of
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CAMETAK

Yeoa/Uwsb Linib oBor ncTpaxusatba je Aa yTBpAv fa v NocToju
pasnvika y MmaHudectauujy rmaBobosbe 1 CTeneHy heHor UH-
TeH3uTeTa Kofi 6oNecHrKa ca GyHKLMOHaNHOM AMCTENCUjOM U
CUHAPOMOM MPUTabUNHOT LipeBa.

MeTope lpyna ncnutaHvka caummasana je 420 6onecHuKa o
Kojux je 300 3a40BOSBUIO YKIbYUyjyhie KpuTtepujyme y Bugy
npucycTBa CHAPOMa nputabunHor Lpesa (148) nnm GyHKLmo-
HanHe gucnencuje (152). lInjarHo3e cMHApPOMa MpUTabunHor
LpeBa U GyHKLMOHaNHe Anucnencuje NoCcTaB/beHe Cy y cKnagy
ca Kputepujymmma Poma IV. ViHTeH3uTeT rnaBoborba npoLerbeH
je'y rpynama 6onecHuKa ca CMHAPOMOM MPUTabUITHOT LipeBa
1 GYHKLMOHATHOM Ancnencrjom nomohy Br3yenHo-aHanorHe
ckane. CBu 6onecHULM NOABPIHYTH Cy TeCTUpPakby moMony Xa-
MUNTTOHOBE CKane filenpecuje 1 cKane aHKCMO3HOCTU.
PesynrtaTtm Haww pe3yntati nokasyjy Aa Cy MyLiKapLy ca rna-
B0O6O/bOM MOANOXKHWMjU GYHKLMOHANHO]j ANCNENCH)Y, Kao 1 Aa
MOCTOj1 CTAaTUCTUYKM 3HaYajHa pasnnka y rpynm 6onecHmKka ca
NPUTabUITHM CMHAPOMOM LipeBa Koju cy nmanu Behe pesyn-
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TaTe Ha BU3YesIHO-aHaNIOrHOj CKan 1 CTaTUCTUYKM 3HaYajHa
pasfnvKka y norneay pesyntaTa ckane aHKCMO3HOCTU Y rpymnu
60ecHrKa ca CMHAPOMOM UpUTUTabunHor Lpesa. Mon u pe-
3yNTaTV Ha BU3YeNTHO-aHaNIOrHOj CKanu 6vnu cy feTepMrUHaHTe
oppehuBara Aa v 6onecHyK Nnpunaga rpynu GyHKLMOHanHe
JuCrencuje uny CMHAPOMa NpKUTabuiHor LpeBsa. PesynTtaTu
Ha BU3YyeNHO-aHaNorHoj ckanu rae cy 6onecHUUM HaBenu aa
ce Hajbosbe ocehajy 6unu cy rpaHUYHO CTAaTUCTUKM 3HaYajHW
(p=0,061) n torxoBa Beha BpeAHOCT UCTaKa je OHe 6onecHu-
Ke Koju npunagajy rpynu ca CMHAPOMOM UPUTAOUITHOT LipeBa.
3aksbyyak [1on 1 HUBO MHTEH3MTEeTa FaBobo/be Kao eKCTpamH-
TeCTVHanHe MaHndecTaumje NnpeacTassbajy rnaBHe Bapujabne
3a yTBphrBarbe pasnuke n3mehy 6onecHuKa ca GyHKUMOHan-
HOM [MCMENCUjOM 1 CUHLPOMOM UPUTAaBUIHOT LipeBa, Fae CUH-
APOM MprTabunHor LpeBa nMa Behe pesynTate v JOMHALW]Y
y AndepeHumjanHoj AujarHo3u YKOnmKo je rmaBo6osba getep-
MuHMWYyha Bapujabna.

KmbyuHe peun: rnaBo6osbe; GyHKLVOHaNHa Aycnencuja; CuH-
APOM MPUTAOWITHOT LipeBa
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Evaluation of PD-L1 expression in recurrent
nonmetastatic sacral chordomas — a retrospective
study
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SUMMARY

Introduction/Objective Chordomas are rare tumors of a notochordal origin. Wide surgical resection
is recommended for treatment. However, it is associated with a high risk of morbidity and mortality.
Additionally, these tumors are resistant to chemotherapy. Thus, targeted therapy is needed for the
treatment of chordomas. Programmed death ligand 1 (PD-L1) is a promising target for cancer treatment.
Here, we investigated PD-L1 expression in patients with chordoma in a single-center study.

Methods Formalin-fixed paraffin-embedded blocks were evaluated for immunohistochemical analysis to
evaluate PD-L1 expression. Clinicopathological variables, such as sex, age, and follow-up data (recurrence
and outcome), were retrospectively collected from the patients’ medical records.

Results Ten patients diagnosed with sacral chordoma in a single institution between December 2015
and November 2021 were included in this study. The median patient age was 57 years and the median
follow-up period was 40 months. The surgical margins were negative in all cases, without any preoperative
medical treatment. Four of the ten patients showed PD-L1 positivity on immune cells. These patients
showed local recurrence, without metastasis. In these cases, the median time to local recurrence was 15
months. All the patients with the disease were alive.

Conclusion This study demonstrated that PD-L1 positivity in immune cells can be used as a predictive
marker for local recurrence at the time of surgical treatment. This can potentially be used to determine
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the necessity to administer immunotherapy.

Keywords: chordoma; wide surgical resection; PD-L1; immunotherapy

INTRODUCTION

Chordomas are locally destructive, slowly en-
larging tumors. The incidence of chordoma
is estimated to be one per million per year in
the United States and Europe [1]. These rare,
primary tumors are derived from neural crest
cells. They are expansile lytic lesions located in
the midline of vertebral bodies.

These tumors are difficult to treat, with a
very low rate of complete recovery. In advanced
cases, chordomas invade the normal fascial bar-
riers. Wide surgical resection is accepted as the
primary line of treatment; however, it can result
in high morbidity [2]. Neurological sacrifice
causes bowel, bladder, and sexual dysfunction.
Metastasis is rare, but recurrences have a poor
prognosis, which makes the treatment more
complicated.

Several multidisciplinary treatment strate-
gies can be applied. This is particularly crucial
when wide resection is not feasible. Therefore,
the treatment strategies for chordomas should
be formulated on a case-by-case basis. With
advances in diagnostic and treatment options,
promising new treatment strategies are being

developed for chordoma. These include che-
motherapy, imatinib treatment, adjuvant ra-
diotherapy, and proton-beam therapy [3]. No
standard effective adjuvant therapy regimens
are currently available for chordomas treat-
ment. In addition, the effect of these treatments
on survival remains unclear. Such treatments,
if effective, can avoid marginal excision, thus
evading the morbidity risk.

Chordomas are resistant to radiation and
chemotherapy [4]. New therapeutic options
include the use of imatinib, which is an inhibi-
tor of the platelet-driven growth factor recep-
tor beta. It has been found to be effective in
treating chordomas. In future, targeted therapy
and immunotherapy for treating bone and soft
tissue tumors have the potential to further im-
prove prognosis.

Programmed cell death protein 1 (PD-1)
is a candidate biomarker for chordomas [5].
PD-1 and programmed death ligand 1 (PD-L1)
were discovered in 1992. It plays an important
role in immune surveillance during cancer.
Along with the activation of cytotoxic T lym-
phocytes, the balance of positive and negative
signals is also important for the development
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of antitumor immunity. Similar to surface molecules, cy-
totoxic T-lymphocyte antigen-4 and PD-1 show negative
signals. PD-1 is an inhibitory receptor, which belongs to
the CD28 family and plays an important role in tumor
immune escape. PD-1 and PD-L1 are the targets of new-
generation drugs and can potentially be used for the treat-
ment of many types of cancers. However, only two studies
have evaluated the PDL1 receptor status in chordoma, thus
requiring further research to prove its therapeutic efticacy.
This study aimed to assess PD-L1 expression in patients
with sacral chordomas.

METHODS

A retrospective review was conducted between 2016 and
2020 for all cases with histologically proven chordoma. Ten
cases of sacral chordoma were identified. The diagnosis
was made based on typical morphological features, S100/
cytokeratin, and brachyury expression (Figure 1). Resected
materials, including whole-tumor sections, were analyzed.
The patients had not received treatment earlier. Adjuvant
treatment was administered in patients with recurrence.
Clinicopathological characteristics, such as sex, age, and
follow-up data (recurrence and outcome), were retrospec-
tively collected from the patients’ medical records.
Tissue samples obtained from resected specimens
were used to prepare formalin-fixed paraffin-embedded
blocks. Four-micron thick sections were obtained from
these blocks for immunohistochemical analysis. General
evaluation was performed using hematoxylin-eosin-
stained slides. Necrosis, muscle invasion, surgical mar-
gins, and extracellular myxoid matrix were evaluated.
Slides were stained with PD-L1 antibody (Cell Signaling /
E1L3N). Immunohistochemical staining was performed as
per the protocol provided by Cell Signaling Technology.
PD-L1 expression in tumors and immune cells was also
evaluated. Immunoreactivity for PD-L1 expression was
evaluated in tumor cell membranes and immune cells by

two blinded authors (ANY and TZ). PD-L1 results were
separately evaluated in both tumor and immune cells in
the microenvironment for each tumor component. PD-
L1 expression was scored as positive when membranous
staining was present in > 5% of the population. Ethical
committee approval was not necessary for discussion
with the board. This study was conducted on human tis-
sue samples preserved in the archives of the pathology
department. Statistical analysis was not performed due to
small sample size.

The study was conducted at the Istanbul Medeniyet
University Medical School, Goztepe Training and Research
Hospital according to the institutional ethical standards of
the Helsinki Declaration.

RESULTS

Patient data are detailed in Tables 1 and 2. All cases had
conventional chordomas. The median patient age was 57
years (range: 31-67 years). The median follow-up period
was 40 months (range: 24-110 months). The surgical mar-
gins were negative in all cases and adjuvant therapy was
not administered. Among the 10 cases considered in this
study, PD-L1 on immune cells was positive in three pa-
tients. These patients experienced local recurrence with
a median time of 15 months (range: 11-18 months). All
the patients with the disease were alive. No preoperative
chemotherapy or radiotherapy was administered to any of
the patients. Chemotherapy and radiotherapy were admin-
istered in cases of metastasis and recurrence.

All cases showed muscle invasion. The resection margin
was negative in all cases. Lymphocyte infiltrates were pres-
ent in all the cases. The expression of PD-L1 by tumor cells
was negative in all the cases (Figures 1 and 2). However, the
expression of PD-L1 by immune cells varied in different
cases. Positive expression in immune cells was observed
in cases with local recurrence. Intratumoral lymphocytes
were present in all specimens; however, only four positively
stained for PD-L1 (Figure 3). Tumor
margins were negative in all cases.

S‘}b‘t

DISCUSSION

Chordomas were first described by
Virchow [6]. These slow-growing tu-
mors present with pain and neuro-
logical dysfunction, secondary to ob-
struction of the lesion. Chordomas
can occur at any location in the
axial skeleton. Those involved in
the sacral region can cause pain,

Figure 1. Immunohistochemical results of the tissue sample from the patient (Case 1); a - epi-
thelial membrane antigen; b — S100 are expressed in conventional chordoma; however, they are
usually negative in poorly differentiated chordoma; c — brachury is a nuclear stain, which is highly
specific for chordomay; it is also positive in poorly differentiated chordoma; d-e — on hematoxylin
and eosin-stained sections, tumor cells consist of dense epithelioid sheets in an extracellular
myxoid matrix; cells are epithelioid with abundant clear (glycogen) to eosinophilic cytoplasm

urinary and/or bowel dysfunctions,
and neuropathy. Chordomas are
poor responders to chemotherapy;
en bloc resection is the most effective
method for local control.

which may be have a bubbly/vacuolated appearance (physaliphorous cells)
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Table 1. Clinicopathologic findings of all cases

. . . Time to 5

Cases Ag;e(,)ﬁ::S)' Localization Tj?tl)?p?elc Gra(fgv(vf;lgh/ Metastasis | Recurrence | recurrence F((r)rilt())r‘::hus')) Tur?ccr\]rq;: z€
(months)
Case 1 63, Male Sacrum Conventional Low Negative Negative 44 >5cm
Case 2 67, Male Sacrum Conventional Low Negative Negative 24 >5cm
Case 3 31, Male Sacrum | Conventional High Negative Positive 1 36 >5cm
Case 4 52, Male Sacrum Conventional High Negative Positive 15 63 >5cm
Case 5 62, Male Sacrum Conventional Low Negative Negative 24 >5cm
Case 6 57, Male Sacrum | Conventional High Negative Negative 25 >5cm
Case7 41, Male Sacrum Conventional Low Negative Negative 73 >5cm
Case 8 57, Male Sacrum Conventional High Negative Positive 18 110 >5cm
Case 9 65, Male Sacrum Conventional High Negative Positive 16 82 >5cm
Case 10| 47, Female Sacrum Conventional Low Negative Negative 24 >5cm
Table 2. Pathologic findings of all cases
i PD-L1 expression

Gures | Mo | Tmo | Musce | Swgl | g | S0 sy o IR s
Case 1 63, Male Positive Negative Positive Positive Positive — - AWD
Case 2 67, Male Positive Negative Positive Positive Positive - - AWD
Case 3 31, Male Positive Positive Negative Positive Positive Positive - + AWD
Case 4 52, Male Positive Positive Negative Positive Positive Positive - + AWD
Case 5 62, Male Positive Negative Positive Positive Positive - - AWD
Case 6 57, Male Positive Negative Positive Positive Positive - - AWD
Case7 41, Male Positive Negative Positive Positive Positive - - AWD
Case 8 57, Male Positive Positive Negative Positive Positive Positive - + AWD
Case 9 65, Male Positive Positive Negative Positive Positive Positive - + AWD
Case 10 | 47, Female Positive Negative Positive Positive Positive - - AWD

EMA - epithelial membrane antigen; PD-L1 - programmed death ligand 1; AWD - alive with disease

was used as the standard radiological
tool for the evaluation of the tumor.
Chest imaging revealed pulmonary
metastasis. A biopsy confirmed the his-
tological diagnosis. Magnetic resonance
imaging resonance imaging revealed
T1 isointense and T2 hyperintense en-
hancements. Despite aggressive surgery,
cancer can metastasize after many years
or recur, similar to that observed in the
present study. In this clinical setting,
subsequent surgery can result in higher
morbidity. Therefore, there are limited
options for medical therapy, with mini-
mal efficacy [7].

The role of immunotherapy in soft
tissue sarcomas is well known [8]. PD-
L1 is one of the primary targets for im-
munotherapy. This study demonstrat-
ed that chordomas do express PD-LL
Several studies have investigated the
genetic basis of chordomas, and investi-
gations on prognostic survival factors is
ongoing, as demonstrated by a recent re-
view of 78 genetic studies [9]. However,
few studies have evaluated the role of
PD-L1 in the pathogenesis of chordoma.

Feng et al. [10] investigated the ex-

There could be a delay in diagnosis, ranging from  pression score of PD-L1. Expression was higher in meta-
months to years. In our study, magnetic resonance imaging  static chordomas, with elevated levels of tumor-infiltrating

Figure 2. Inmunohistochemical results of the tissue sample from the patient (case 2); this case
had no recurrence; note that tumor cells and immune cells do not stain; soft tissue infiltration is
also observed

e S o 1Y i

Figure 3. Immunohistochemical results of the tissue sample from the patient (case 3); this case
had recurrence; tumor cells do not stain; however, tumor-infiltrating lymphocytes express more
than 5 % programmed death ligand 1
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lymphocytes (TILs). Based on clinical trial data on chor-
doma treatment, they concluded that PD-L1 inhibition
could be a possible immunotherapeutic strategy. Zou et
al. [11] found that PD-L1 expression in TILs is associated
with local recurrence and overall survival in spinal chor-
doma. In a more recent study, Zou et al. [12] developed
an immunologic score, including CD3+, CD4+, CD8+,
CD20+, Foxp3+, PD-1+, and PD-L1+ T cells. A significant
correlation has been found between overall survival and
the number of PD-1+ and PD-L1+ cells.

Chordoma, a rare bone tumor arising from the no-
tochord, is resistant to conventional cancer treatments.
The anti-PD-L1 drug, avelumab, was investigated as a
potential treatment for chordoma. Fujii et al. [13] dem-
onstrated killing of chordoma cells by natural killer-cell
through antibody-dependent cell-mediated cytotoxicity of
PD-L1-expressing tumor cells. Thus, they stated that the
PD-1/PD-L1 pathway may be a novel therapeutic target for
chordoma immunotherapy. Migliorini et al. [14] reported
three cases of metastatic and locally advanced chordoma
treated with different immunotherapeutic drugs. Two of
them were administered with anti-PD-1 antibodies. Good
clinical and radiological responses were observed. These
tindings suggest an immunogenic nature of chordomas.

Similar to our study, Mathios et al. [15] found that
chordoma cells do not demonstrate significant PD-L1 ex-
pression; however, PD-L1 expression is evident in tumor-
infiltrating macrophages and lymphocytes. Clinically, the
role PD-L1 targeted therapy in recurrent chordomas was
confirmed by Bishop et al. [16]. In these series, 15 out of
17 patients receiving immune checkpoint inhibitors had
clinical benefit. This study supports the application of PD-
L1 inhibition therapy in chordoma patients.
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In literature, different staining rates have been accepted

as positive expressions. This makes it difficult to interpret
the results in terms of clinicopathological correlations. In
our study, the cases with increased expression were > 5%.
Therefore, we accepted 5% as the threshold. We believe
that a linear correlation without using a threshold value is
needed for the association between PD-L1 expression and
clinicopathologic variables.

Study limitation

The main limitation of this study was the small sample
size. Although recurrent cases have been found to have
positive expression, the correlation of PD-L1 expression
with recurrence, metastasis, and survival is needed from a
larger population. Furthermore, it is not known how im-
munotherapy affects PD-L1 expression. Future research
should evaluate the response rate of different therapeutic
agents in PD-L1 positive cases.

CONCLUSION

In conclusion, this study demonstrated that PD-L1 expres-
sion is negative in nonrecurrent chordomas. These findings
demonstrate less aggressive forms of chordomas, which
do not require immunotherapy. Limitations arise from
the limited number of chordoma cases considered in this
study. Multicenter studies evaluating PD-L1 expression will
have future implications for anti PD-L1 therapy, similar to
other nonsurgical treatments.
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MpoueHa ekcnpecuje PD-L1y peKypeHTHUM HEMETACcTaTCKUM CaKpaIHUM
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CAXETAK

Yeog/LUunm Xopaomu cy peTku TyMOpY HOTOXOPAAHOT NOopeK-
na. 3a neyerbe ce Npenopyuyje WMpoKa XMpypLUIKa peceKuuja.
MeByTrMm, NOCTOj1 BUCOKNM pU3IK 0f MOPOUANTETa N MOPTaNN-
TeTa. [lopep Tora, 0BU TymOpw Cy OTNIOPHM Ha XemoTepanujy.
[lakne, 3a neyerbe xopaoma je noTpebHa LusbaHa Tepanuja.
JluraHg nporpamupaHe cvptu 1 (PD-L1) o6ehasajyhu je nsbop
3a fleverse paka. ictpaxmsanu cmo ekcnpecujy PD-L1 kop 60-
NecHMKa ca XOpAOMOM Y CTYAUjU jeAHOT LieHTpa.

MeTtope bnokosu yrpahenun y napadur ¢ukcupanu y Gop-
MasiviHy NPOLEHEHN CY 33 IMYHOXUCTOXEMUjCKY aHanm3y ga
61 ce npoueHnna ekcnpecuja PD-L1. KnnHnuKo-naTonoLke
Bapujabne, Kao WTO Cy MO, CTapOCT M Nofauyn o npahery
(noHaB/bame 1 ncxod), PETPOCNEKTUBHO CY MPUKYN/beHN 13
MeAuLMHCKe JOKYMeHTaLuje 6onecHuKa.

PesynTtatm Y 0By CTyaujy je yKIbyuyeHo feceT 6onecHumKa ca
[MjarHo30M cakpaJiHOT XOpZOoMa Y jeflHOj yCcTaHOBM n3mMehy

DOI: https://doi.org/10.2298/SARH220524009Z

Aeuem6bpa 2015. n HoBembpa 2021. roaviHe. Cpeatba CTapocT
6onecHvKa je 6una 57 roavHa, a cpearby nepuog npahera 6vo
je 40 meceun. XmpypLike MapruHe cy 6une HeraTuBHe y CBUM
cnlyyajeBrMa, 6€3 MKaKBOT NPeonepaTUBHOT MeJULIMHCKOT
TpeTmaHa. Tpy of 10 6onecHnKa nokasana cy no3MTUBHOCT
PD-L1 Ha nmyHum henunjama. OBu 6onecHMLM Cy nokasanu no-
KanHu peumams, 6e3 meTactasa. Cpefitbe Bpeme [0 NoKasHor
peumnausa 6uno je 15 meceumn. CBu 6onecHNLM cy 6Unm >Knsm
Ha Kpajy cTyauje.

3akmyyvak OBa cTyAvja je nokasana ja ce no3mtnsHocT PD-L1
y UMyHVM hienvjama Moxe KOpPUCTUTY Kao NPeanKTUBHN Map-
Kep 3a JIOKaNHU PeLuaNB y BPeMe X1PYPLLKOT Jleyeta, LTOo
ce MoXe KOpUCTUTU 3a yTBphrBarbe HEONXOAHOCTU jaBaka
MMyHOTepanuje.

KrbyuHe peun: xopfom; lWMPOKa XMpypLUKa pecekumja; PD-LT;
MMyHOTepanuja
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SUMMARY

Introduction/Objective The aim of this study was a detailed examination of microanatomy of the medial
posterior choroidal artery (MPChA).

Methods The microanatomical characteristics of the MPChA were studied in 30 formalin fixed brain hemi-
spheres using 6.3-10 x magnification of the stereoscopic microscope. The arteries were injected with the
mixture of 10% India ink and gelatin. The second group of 10 hemispheres consisted of specimens injected
with methyl methacrylate fluid into the cerebral arterial vessels, for the preparation of corrosion casts.
Results The MPChA was present in all 30 hemispheres, always as the single artery. The MPChA were
divided into proximal and distal types of vessels. We distinguished two segments of the MPChA: a cis-
ternal and plexal. Proximal MPChA was present in 53.3% of cases, with the caliber of 0.6-1 mm (mean
0.8 mm). The point of its origin from the posterior cerebral artery was always before the origin of the
first temporal cortical branch. Distal MPChA existed in 46.7% of cases, with the diameter of 0.4-1 (mean
0.74 mm). The cisternal segment the most frequently gave of the origin of fine branches to the cerebral
crus, medial geniculate body and thalamus. The plexal segment gave rise arteries to the thalamus, and
choroid branches for the supply of the choroid plexus of the third ventricle. Anastomoses in the region
of the MPChA were found in all of 20 examined brains, most often among the plexal branches.
Conclusion The results describing the microanatomical characteristics of the MPChA may have diagnostic

and microsurgical significance.

Keywords: medial posterior choroidal artery; choroid plexus; thalamus; cerebral crus

INTRODUCTION

The morphology and topography of the me-
dial posterior choroidal arteries (MPChA)
is extremely complex and so little known. In
most anatomical textbooks no mention is made
of the MPChA. The MPChA, as a branch of
the posterior cerebral artery (PCA), has been
neglected in the anatomical, neuroradiologi-
cal, and the neurosurgical literature [1, 2, 3].
Several microanatomical, microneurosurgical
and angiographic studies described deep arter-
ies of the brain and their importance, but cho-
roidal arteries received very modest attention
[4-7]. The choroidal arteries are positioned in
the close relation with the pineal gland, and
the posterior and medial surfaces of thalamus.
Displacements of the choroidal arteries from
the correct anatomical position are sign of pi-
neal or thalamic tumors [8, 9]. The microsurgi-
cal procedures with use of sophisticated optical
equipment are frequently performed for endo-
vascular treatment of the cerebral arteriovenous
malformations (AVM). Correct and detailed

knowledge of the microanatomical character-
istics of the choroidal arteries is essential for a
safe and precise intervention [10, 11].

The aim of this microanatomical research
investigating the choroidal arteries is to provide
necessary anatomical support for enhancing
diagnostic procedures, and the quality of mi-
crosurgical interventions in this region.

METHODS

For this microanatomical study of the medial
posterior choroidal artery (MPChA) we used
thirty human hemispheres (15 right and 15 left)
with no pathological changes, from the collec-
tion of the Laboratory for Vascular Anatomy.
The adult brains (18 males and 12 females),
belonged to persons with an average age of 56.4
years (from 42-71 years). We perfused the ce-
rebral arterial system with worm water mixed
with a 4% formalin solution, and we finally in-
traarterially injected a 10% mixture of India ink
and melted gelatin through the basilar artery.
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After the period of three weeks necessary for fixation, the
brain specimens were meticulously dissected.

We used another ten hemispheres for preparing the cor-
rosion casts, important for a precise analysis of topographi-
cal relationships between specific branches. The fluid of
methyl methacrylate, with added hardener and color pig-
ment, was injected into the basilar artery. The process of
hardening of methyl methacrylate was completed in four
hours, and for the next 14 days the injected specimens were
immersed in 40% solution of potassium hydroxide neces-
sary for corrosion of the soft tissue. The hot water was used
for the final cleaning of digested specimens. The corrosion
cast specimens of cerebral arteries were analyzed under
the zoom microscope (Leica MZ6, Leica Camera, Wetzlar,
Germany), and photographed by a digital photo camera
(Leica DFC295, Leica). We engaged the specific software
(Leica Interactive Measurements, Leica) for realizing dif-
ferent kind of measurements. The obtained data were in-
troduced into the schematic drawings of every specimen.
The statistical analysis that we used were mean values with
standard deviation (SD). The research method of using the
corrosion casts in analyses provided a precise 3D spatial
distinction between the arteries, offering much better speci-
mens than traditional dissections. On the other side the
length of time required for the preparation and examina-
tion in detail for every specimen is incomparable with any
other method of research used in morphological studies.
The study protocol was approved by the Ethics Committee
of the Faculty of Medicine, University of Belgrade, Belgrade,
Serbia (No. 1322/V-10, Date 20-05-2021).

RESULTS

The PCA gave off the MPChA in all 30 (100%) studied
hemispheres, always one artery. According to the level of
beginning from the PCA we distinguished between an a)
proximal MPChA (MPChAprox), and b) distal MPChA
(MPChAdist). We described two segments of the MPChA:
a cisternal and plexal segment. The cisternal segment ex-
tended from the point of origin of the artery to the choroid
plexus of the third ventricle where the plexal segment began.
a) The MPChAprox, found in 16 (53.3%) cases, bilater-
ally present in three (20%) brains, began in the anterior
peduncular mesencephalic region from the posterior side
of the PCA. It was characterized by the point of its begin-
ning from the PCA before the origin of the first temporal
cortical branch. The MPChAprox originated from the pre-
communicating (P1) segment of the PCA in four (25%)
cases, and from the postcommunicating (P2) segment
of the PCA in 12 (75%) hemispheres (Figure 1). In two
(12.5%) cases the MPChAprox has had a common origin
with the collicular artery form the PCA (Figure 2). The
mean caliber of the MPChAprox at the level of its begin-
ning was 0.8 £ 0.11 mm (from 0.6 to 1.0 mm) (Table 1).
Curving around the mesencephalic crus the cisternal seg-
ment of the artery was in close relationship with the inferior
side of its parent vessel, superior cerebellar artery, basal vein
of Rosenthal and the trochlear nerve in the ambient cistern.
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Figure 1. 1 - long proximal medial posterior choroidal artery; 2 -
originating from the prominent posterior cerebral artery; 3 — curving
around the mesencephalic crus above the collicular artery; 4 — and
below the medial geniculate body; (lateral view, dissection of speci-
men injected with India ink)

Figure 2. 1 - the proximal medial posterior choroidal artery with a
common origin (arrow) with the 2 - collicular artery from the 3 - pos-
terior cerebral artery; 4 — note the inferior colliculus; 5 - the trochlear
nerve; 6 — the medial geniculate body; 7- the pulvinar (lateral view,
dissection of specimen injected with India ink)

The MPChAprox coursed backwards following the lateral
side of the mesencephalon, immediately bellow the medial
geniculate body, and extended into the quadrigeminal (col-
licular) cistern (Figures 1 and 2). After making a sharp bend
it formed a loop and entered the choroid plexus of the third
ventricle and continued by the plexal segment. This tortu-
ous retrothalamic segment is in close proximity to the lat-
eral surface of the pineal gland. It extended throughout the
length of the choroid plexus of the third ventricle, adjacent
to the internal cerebral vein and the opposite MPChA, to
the anterior pole of the thalamus where the artery passed
through the interventricular foramen and entered the cho-
roid plexus of the lateral ventricle (Figures 3 and 4).

b) The MPChAdist, found in 14 (46.7%) cases, origi-
nated from the postcommunicating (P2) segment of the
PCA in the region of the bifurcation or ramification of
the PCA in temporal cortical branches, below or behind
the pulvinar of the thalamus. Of the 14 MPChAdist, 11
(78.6%) originated directly from the PCA, two (14.3%)
from the parietooccipital artery, and one (7.1%) from
the calcarine artery (Figure 3). The average caliber of the
MPChAdist at the level of its beginning was 0.74 + 0.17 mm
(0.4-1.0 mm) (Table 1)
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Figure 3. 1 - the roof of the third ventricle; plexal segments of the
right proximal medial posterior choroidal artery; 1’ - the left distal
medial posterior choroidal artery extending throughout the length of
the roof; 2, 2’ - right and left choroid plexus; 3, 3' - the lateral ventricle
right and left thalamus; 4, 4’ - right and left caudate nucleus; 5 - the
pineal gland; 6 - right posterior cerebral artery (dorsal view, dissection
of specimen injected with India ink)

I 7
‘b | Caudate
‘ nucleus

Figure 4. 1 - the roof of the third ventricle; plexal segments of the
right and the left medial posterior choroidal artery; 2 — adjacent to
the internal cerebral veins; 3, 3' - right and left choroid plexus of the
lateral ventricle; 4 — the pineal gland (dorsal view, dissection of speci-
men injected with India ink)
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Table 1. Morphometric characteristics of the medial posterior cho-
roidal artery

Diameter (mm)
0,
Artery Frequency (%) Range (MeanSD)
MPChAprox 16 (53.3%) 0.6-1(0.8%+0.11)
MPChAdist 14 (46.7%) 0.4-1(0.74+0.17)

MPChAprox — proximal medial posterior choroidal artery; MPChAdist - distal
medial posterior choroidal artery

Figure 5. 1 - corrosion cast of the right posterior cerebral artery, me-
dial view; 2 - the thalamoperforating arteries; 3 - right medial posterior
choroidal artery; 4 - right lateral posterior choroidal artery; 5 - the sple-
nial branch of posterior cerebral artery over the dorsal side of splenium

The MPChA coursed from the level of its subsplenial
beginning inward, superiorly and anteriorly. In a lateral
projection the artery run upward at an angle of 45°, with
the concave middle part in a form of number 3. The lower
curved part belongs to the parapineal segment, and the
upper part after the midpoint is the plexal segment of
MPChA. Projection of the lateral posterior choroidal ar-
teries (LPChA) is immediately caudally to the previous,
and finally the most caudal vessel is splenial artery encir-
cling the caudal and dorsal surfaces of the splenium of the
corpus callosum (Figure 5).

The postero-medial choroidal system gives off various
kinds of branches. Ventrally, the first group of cisternal
branches are arteries for the supply of the cerebral crus. A
second group is constituted with branches which supply
the medial geniculate body. Another group is composed of
arteries for the caudal part of pulvinar. Posteriorly, and su-
periorly, various plexal branches irrigated the superomedial
part of the pulvinar, the superomedial part of the thalamus
and the choroid plexus in the roof of the third ventricle.

DISCUSSION

Most frequently only one MPChA was noticed in our spec-
imens. However, other authors described a range of 1-3
arteries (average 1.7) [4, 5, 12]. In this study, we noticed
this artery to average 0.8 and 0.74 mm in diameter, for the
MPChAprox and MPChAdist respectively, which is similar
to 0.8 mm reported by Fujii et al. [4], and larger than the
value of 0.4 mm described in the article by Garcia et al. [5].
The origin of the MPChAprox (75%) from the P2 segment
of the PCA was the most frequent in the present study, in
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agreement with 85% reported by Fujii et al. [4], and not
consistent with the findings (5.1%) of Garcia et al. [5]. In
this series, proximal and distal type of the MPChA was
described according to the different point of its origin, a
characteristic described only by our group of authors. We
did not notice the presence of duplication of the MPChA
reported only by Garcia et al. [5].

The MPChA supplies tumors, AVM, and aneurysms
arising in and adjacent to the choroid plexus and the third
ventricle [4].

Neoplastic masses in the pineal gland are uncommon
and a rare clinical entity, with less than 10% of pediatric
tumors, and less than 1% of all intracranial tumors. Patients
with pineal tumor may present symptoms connected to
elevated intracranial pressure, such as headache, nausea,
vomiting, and somnolence [13]. The pineal gland is central-
ly positioned with a very complex relationships, below the
splenium of corpus callosum, posterior the third ventricle,
above and behind the mesencephalic tectum and medially
to the left and right thalamus [4, 8]. Different microscopi-
cal, macroscopical and radiological appearances are char-
acteristics of pineal tumors. The MPChA has a close rela-
tionship with lateral borders of the pineal gland, and local
changes in its shape are visible in case of pineal neoplasm.
The tumors originating in the pineal gland make a pressure
and displace the MPChA superiorly and posteriorly. The
further enlargement of the tumor makes additional dis-
placement of the MPChA posteriorly. Meningioma arising
from the tentorium behind the pineal gland grow slowly,
push and displace the MPChA anteriorly [4, 8, 9].

The MPChA territory infarctions are rare events with
sparse data about the vascular territories within the thala-
mus. Medial parts of the thalamus and the pulvinar, related
to the roof of the third ventricle and mainly supplied by
branches of the MPChA are the most frequently affected,
but with no evident specific neurologic dysfunctions [14].
The MPChA territory infarcts may be lacunar, with a small
ischemic area within the thalamus, and they can be asymp-
tomatic and silent in long-term follow-up [15]. Another
MPChA branches, originating more distally may supply
the anterior thalamic nuclei, but disabilities are usually
absent or slight. The anatomical explanation is existence of
plexiform anastomotic supply from branches of the ante-
rior choroidal artery, from the choroid plexus of the lateral
ventricle, entering through the interventricular foramen
[14]. The existence of the peduncular branches originating
from the collicular, from the superior cerebellar artery, and
form the PCA are the explanation why the eye movement
disorders and sensory-motor dysfunction were uncommon
for the selective MPChA territory infarct [4, 16].

AVM of the brain is a congenital vascular disease, an
anomaly characterized by direct connection between arteries,
the nidus (the arteriovenous shunt) and draining veins, char-
acterized by an intranidal network of maldeveloped vessels
[17]. An AVM perfused by the PCA is located near the pos-
terior part of the corpus callosum and the deep cerebral veins
to form a callosal circle. The feeding arteries may involve
the MPChA and the treatment was mostly via this small
artery. Surgical resection, radiotherapy, and endovascular
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treatment are available therapeutic methods for AVM [18].
Embolization with the microcatheter performed as a curative
procedure through the MPChA should be taken with the
main aim to secure the weak structures [18, 19].

Aneurysm of the MPChA is very rare reported condi-
tion. Because of the specific position the MPChA curving
lateraly to the mesencephalon and entering the roof of the
fourth ventricle, the rupture of the aneurysm of its cisternal
segment is manifested as subarachnoid hemorrhage in the
ambient cistern, and spasm affecting the PCA, comparing
to the rupture of the aneurysm of its plexal segment causing
the ventricular and thalamic hemorrhage. Because of the
small size of the MPChA, preferable endovascular coiling
with parent artery protection is unfeasible, and aneurisms or
parent vessels are isolated and clipped by open surgery [20].

Numerous anastomoses interconecting the choroidal
arteries, coming from the internal carotid artery and PCA,
exist in the structure of choroid plexus. If the occlusion of the
proximal part of the PCA happens, the part of PCA distally
to the blockade receives blood in the opposite direction from
capillary choroidal network of the lateral and third ventricles
respectively, supplied by the anterior choroidal artery, branch
of the internal carotid artery, then via the MPChA entering
the PCA distally to the obstruction [1]. The existence of ab-
normal periventricular collaterals from the choroidal vessels
is typically connected to Moyamoya disease. The existence
of enlarged pathological interconnections between the deep
parts of the medullary and choroidal arteries results in re-
versed blood flow to the cortical area [21]. The occurrence
of periventricular subependymal hemorrhage is a common
manifestation of Moyamoya disease in adults. The enlarged
choroidal collaterals are responsible for bleeding in the area
of atrium of the lateral ventricle [22]. The MPChA may play
an important role in supply of subependymal arteries in-
volved in repeated hemorrhage in patients with Moyamoya
disease. The potential trigger of recurrent hemorrhage is the
existence of ventricular microaneurysms in the choroidal
arteries [23]. Reduction of choroidal anastomoses, after the
superficial temporal-middle cerebral artery bypass surgery,
was confirmed in 85% of hemispheres [21].

CONCLUSION

The MPChA was the most common point of origin of
neural arteries to the cerebral crus, medial geniculate body,
thalamus and choroid plexus of the third ventricle. The
data obtained on the microanatomical characteristics of
the MPChA may have diagnostic and microsurgical im-
plications.
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CAXETAK

YBog/Lum Lins oBe cTyauje 6110 je feTarbHa aHanm3a MUKPO-
AHaTOMCKMX KapaKTepUCTUKa YHYTpaLltbe 3afHhe XopougHe
apTepuje (Y3XA).

Metopae MukpoaHaToMcKe KapaktepucTtuke Y3XA npoyyaBaHe
cy Ha 30 MmoxgaHux xemricdepa GUKcpaHrx GopmaanHOM Ko-
prwherbem cTepeo-M1KPOCKONa ca yBenmyammnma of X 6,3 Ao
x 10.Y apTepuije je ybpu3sraHa mewasuHa 10% pacTBopa TyLia
1 pacTon/beHor xenaTtuHa. Kopuctunm cmo v gpyry rpyny, og
10 xemuncdepa oppacimx ocoba, rae CMo y aptepuje ybpusranu
TEYHU METUIIMETAKPWNAT, la GMCMO NPUNPEMIUIN KOPO3NOHE
npenapare.

PesynrtaTtm Y3XA je 6una npucyTHa Ha cBrx 30 xemucdepa,
YBEK M0 jeAHa apTepuja. Onmcanu cmo fBa Tna oBe apTepuje,
npokcumanHu n guctanHu. Ceaka Y3XA je nogerbeHa Ha uu-
CTEePHaSTHN N NNeKCYCHN cermeHT. MpokcumanHy tin Y3XA je

DOI: https://doi.org/10.2298/SARH2202091098B

MocTojao Ha 53,3% xemucdepa, ca UsMepeHUM NPEYHNKOM Of
0,6-1,0 mm (npoceyHo 0,8 mm). OaBajao ce of cTabna 3afHe
MOX[aHe apTepuje npe MecTa OfBajakba NPBe KOPTUKaIHe ce-
nooyHe rpaHe. iuctantm tun Y3XA je noctojao Ha 46,7% xe-
muchepa, ca n3mepeHUM npeyHnkom og 0,4-1 mm (npoceyHo
0,74 mm). LinctepHanHm cermeHT je Hajuelwhe 61o geo aptepuje
Koju je AaBao HeypanHe rpaHe 3a Kpyc Lepebpu, yHyTpallrbe
KOJIeHaCTO Teno 1 Tanamyc. MeKCyCHN CermeHT je faBao rpa-
He 3a TaslaMyC 1 XOPOUAHY CreT Ha KpoBy Tpehe MoxaaHe
Komope. AHactomo3se y cnmBy Y3XA cy 6une npycyTHe Ha CBUM
npenapaTvma, Hajuewwhe n3mehy nnekcycHux rpaHa.
3aksbyuak [lobvjeHn nogaLm o MMKPOaHaTOMCKMM KapakTe-
puctnkama Y3XA Mory nmatu AnjarHOCTUYKNU U MUKPOXUPY-
PLUKM 3HaYaj.

KrbyuHe peun: yHyTpalutba 3afHa XopougHa apTepuja; Xopo-
WAHY CNAET; Tanamyc; MoOXAaHN Kpak
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Nodular amyloidosis of the lung presenting as lung
malignancy
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SUMMARY

Introduction Amyloidosis is a disease associated with the extracellular deposition of insoluble protein
material called amyloid. It can be acquired or hereditary, systemic or organ-limited. Nodular pulmonary
amyloidosis is defined as one or more tumefactive amyloid deposits in the lungs.

Outlines of cases This study presents two cases that were hospitalized at the Institute for Pulmonary
Diseases to clarify the origin of lesions detected on computed tomography (CT) scans of lung parenchyma.
In the first case, in a 78-year-old woman, numerous non-calcified nodules were described on the chest
CT.The patient died during hospitalization, and the autopsy revealed diffusely distributed greyish-yellow
nodular lesions in the upper and middle parts of the right lung, as well as lesions in the form of partially
calcified nodules in both lungs. Histological analysis of samples from macroscopically described nodules
confirmed nodular amyloidosis. The second patient is male, 58 years old, who was operated on for rectal
adenocarcinoma three years ago. A CT scan of the lung parenchyma shows a tumor nodule localized in
the lower lobe and a nodular lesion localized in the upper lobe of the right lung. Histological analysis
confirmed that the lesion from the lower lobe corresponds to the metastasis of colorectal cancer, while
in the lesion from the upper lobe amyloid deposits were found.

Conclusion Pulmonary nodular amyloidosis is a rare condition, and because of the imaging similarities it
is difficult to distinguish it from malignant nodules in the lung parenchyma. Therefore, as a part of routine

practice, a definitive diagnosis of amyloidosis needs to be confirmed by tissue biopsy.
Keywords: amyloidosis; amyloid; lung malignancy; autopsy; Congo red

INTRODUCTION

Amyloidosis is a disease associated with the
extracellular deposition of insoluble protein
material called amyloid in various tissues and
organs. This condition can be found in humans
as well as in other vertebrates. The term amy-
loid was used in medicine for the first time by
Rudolf Virchow in 1854. Amyloid deposits are
composed of fibril proteins (95%), and the re-
maining part is amyloid P and glycoproteins.
Up to now, 36 amyloid fibril proteins and their
precursors have been identified in humans, and
ten in other vertebrates [1, 2].

Amyloidosis can be acquired or hereditary,
systemic or organ-limited. Pulmonary amy-
loidosis can be seen in three distinct forms:
diffuse alveolar-septal amyloidosis, nodular
pulmonary amyloidosis, and tracheobronchial
amyloidosis [3].

Nodular pulmonary amyloidosis is defined
as one or more tumefactive amyloid deposits
in the lungs and usually represents incidental
findings on chest imaging [4]. The imaging
similarities of multiple pulmonary nodules
(with calcification and cavitation) with ma-
lignant lung tumors make differential diag-
nosis particularly difficult. For that reason,

histological confirmation should be manda-
tory. In this case study, we report two cases
of pulmonary nodular amyloidosis that were
suspected of lung malignancy.

Case No. 1

A 78-year-old woman was admitted to the
Institute for Pulmonary Diseases of Vojvodina
for cough, fever, hemoptysis and nausea. Upon
admittance, at initial examination, there was
not any palpable lymphadenopathy. Results of
periphery blood showed anemia and discrete
leukocytosis, while the analysis of bio-humoral
tests showed elevated values of inflammatory
markers such as urea and lactate dehydroge-
nase. In addition, a blood gas test showed hy-
percapnic respiratory failure.

Computed tomography (CT) scan of the
chest has shown multiple non-calcified nod-
ules in the right lung (between segments 52/56
measuring 30 x 50 mm and S5 38 x 12 mm),
and in the upper lobes of both lungs, and in
the lower lobe of the left lung there were partly
calcified nodules with a diameter of up to 24
mm. Cytological analysis showed that tracheo-
bronchial aspirate contained mucopurulent
exudates.
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Despite the treatment, intensive monitoring, and care,
on day 12 of hospitalization the patient died. At the autop-
sy, the weight of the left lung was 670 g, while the weight
of the right lung was 990 g. Both lungs were pinkish-col-
ored on the cross-section, and a large amount of pale pink
foamy fluid flew from its cut surface. In the upper and
middle lobes of the right lung and the upper lobe of the
left lung, individual nodules of greyish-yellow color, less
than 2 cm in diameter were found. In the lower lobes on
both sides of the lungs, there were greyish-yellow nodules,
up to 4.6 cm in diameter (Figure 1). Some of them had the
appearance of grapes.

Histologically, nodules are composed of homogeneous,
densely eosinophilic amorphous material. Deposits are
orange-red on Congo red stain (Figure 2) and under po-
larized light show apple-green birefringence (Figure 2). In
the surrounding lung tissue, during the pathohistologi-
cal examination, hemorrhagic infarcts, chronic catarrhal
bronchitis, emphysema, and pulmonary edema (which was
established as the cause of death) were revealed. Elements
of malignant tissue were not seen.

Case No. 2

A 58-year-old male patient was admitted to the Institute
for Pulmonary Diseases of Vojvodina for identification of
etiology of pathologic lesions in lung parenchyma which
were found on CT imaging. His past medical history in-
cluded arterial hypertension and dilated cardiomyopathy,
and three years ago, the patient was diagnosed with ad-
enocarcinoma of the rectum, which had been surgically
removed.

During the surgery, whitish lesions were noted in the
upper lobe of a lung. Tissue fragments from the lower and
upper lobe of the right lung were sent for histopathologi-
cal analysis.

Upon gross examination of lung parenchyma of the
lower lobe of the lung, we found a clearly defined whitish
tumor nodule, with 3.7 x 3 cm in size. In tissue samples
taken from that area, we found a tumor tissue that, due to
histological characteristics, corresponds to the metastasis
of colorectal cancer.

In the histological samples from the upper lobe of the
right lung in alveolar parenchyma there were nodular
acellular homogeneous deposits that were eosinophilic by
standard histological staining. Around described deposits,
a lymphocyte infiltrate as well as giant cells were noted.
Upon Congo red histochemical staining, acellular deposits
were colored orange, and under polarized light showed
apple-green birefringence (Figure 2). Described findings
correspond to nodular amyloidosis.

The study was approved by the Ethics Committee of the
Institute for Pulmonary Diseases of Vojvodina.

DISCUSSION

Amyloidosis is a rare disease of unclear etiology, and its
most common clinical forms are amyloid A amyloidosis,

‘ DOI: https://doi.org/10.2298/SARH220915112K
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Figure 1. Gross images of lung with amyloid nodules

Case No. 1 Case No. 2
: A4

bright field

polarized light

Figure 2. Congo red stained lung parenchyma with amyloid deposit,
examined under bright field and polarized light microscopy, 4 x

immunoglobulin light chain amyloidosis, transthyre-
tin amyloidosis, and beta-2 microglobulin amyloidosis
(AB2M) [5, 6].

The exact incidence of amyloidosis is unknown, but
estimates show that 6-10 cases per million are diagnosed
annually [7]. Amyloid deposits commonly affect males
(2:1) of the middle age group (50-60 years) [8].

Amyloid can even affect pleura, pulmonary arteries,
lymph nodes, and diaphragm [9, 10]. Deposition of amy-
loid results in destruction of tissue structure and impair-
ment of organ function. The diagnosis of amyloidosis can
only be confirmed by the histopathologic section of tissue
stained with Congo Red, and the amyloid will show green
apple birefringence under polarized light, as in this case.
In addition, amyloid can be detected when stained with
metachromatic dye, such as crystal violet, or with thiofla-
vin T as a fluorescent marker [11, 12].

Nowadays, the use of immunohistochemistry in com-
bination with clinical testing can help identify precursor
proteins in amyloid deposits and their subtyping [13, 14].

Mass spectrometry-based proteomic analysis can be
performed on formalin-fixed, paraffin-embedded tissue,
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and due to its high sensitivity and specificity, this method
can be applied in clinical biopsy specimens and it will be
a useful tool in amyloid subtyping [5].

Clinically, nodular pulmonary amyloidosis is asymp-
tomatic and on CT is seen as multiple nodules of varying
size with sharp or lobulated margins, usually peripherally
located in lower lobes of the lungs [4, 15]. Calcifications are
seen in 50% of cases, and one of the characteristics is slow
nodule growth with no regression [16, 17]. That is very
similar to localization of deposits in our first case, where
we had amyloid nodules in lower lobes of both lungs, but
the uncommon presentation was finding amyloid deposits
in the middle lobe of the right lung.

For pulmonary nodular amyloidosis, differential diag-
nosis includes malignancy of the lung (primary or meta-
static) and granulomatous diseases [18]. Previous study
reported that during fludeoxyglucose (18F-FDG) positron
emission tomography (PET)/CT imaging of patients with
amyloid deposits, most of them showed increased FDG
uptake, but no FDG uptake has been mentioned [19].
Therefore, 18F-FDG PET/CT is not a useful diagnostic
tool for distinguishing amyloidosis from lung malignancy,
but in the future, the use of some more specific tracers such
as C-labeled Pittsburgh compound B and 18F-florbetapir
might be a better solution [20].

Pathohistological examination is essential for a defini-
tive diagnosis. Differential diagnoses of nodular pulmo-
nary amyloidosis on histological tissue specimens include
pulmonary hyalinizing granuloma and amyloid-like nod-
ules in light-chain deposition disease. In light-chain depo-
sition disease, amyloid-like nodules in lung parenchyma
are histologically very similar to amyloid. However, they
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ease, and on chest imaging, shows unilateral or bilateral
well-defined nodules. In histological slides, hyalinizing
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not homogeneous and the Congo red staining is negative
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within them. The inflammatory infiltrate predominantly
contains lymphocytes and plasma cells, but it can also hold
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Studies have shown that most cases of nodular pulmo-
nary amyloidosis are associated with B-cell lymphomas
[23] and mucosa-associated lymphoid tissue lymphoma
[24], and association with pulmonary amyloidosis and
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27]. In the second case, we reported nodular amyloidosis in
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that reason, it should be added to the differential diagnosis.
In routine practice, a definitive diagnosis of amyloidosis
needs to be confirmed by tissue biopsy and, in addition to
standard H & E staining, histochemical Congo red should
be used.
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HoaynapHa amunonaosa nayha npeacras/beHa Kao MaaurHu Tymop nayha

CetnaHa Kawwkosuh-Jleunh?*, MunaH Monosuh'**, Bocuibka KpajHosuh'?, Munopag bujenosuh'?, iparaHa Terentuja'?
'YHusep3utet y HoBom Capy, MegnunHcku dakyntet, Hosu Cag, Cpbuja;

2MHcTuTyT 3a nnyhHe 6onect BojsognHe, Cpemcka KameHnua, Cpbuja;

*MHcTuTyT 3a oHKonorujy BojsogunHe, Cpemcka KameHuua, Cpbuja
*OBK ayTOpM Cy NOAjeAHaKO AONPUHENN OBOME pafy.

CAXETAK

YBop Amunorfo3a je 6onect noBesaHa ca BaHhenujckum Ta-
NOXeHeM HepacTBOPJbYBOT MPOTENHCKOT MaTepujana Koju ce
Ha3uea amunong. O6osbere MoXe bUTY CTEUEHO W HAC/IeHO,
CUCTEMCKO WIN OrpaHnYeHo Ha opraHe. HoagynapHa nnyhHa
amunoungosa ce aedurHyLLe Kao jefaH nnm Buwe TymedakTme-
HWX Aeno3uTa amunovga y nnyRHoOM napeHxumy.

Mpukasu 6onecHnKa Y 0BOj CTyAWjv NpuUKasaHa cy ABa 60-
NecHMKa Koja Cy XocnuTanu3oBaHa Ha IHCTuTyTy 3a nnyhHe
60necTy Kako 61 ce pasjacHWI0 NOPEKIIO NATONMOLKMX MPOMEHa
y nnyRHOM napeHXnMy AeTeKTOBaHMX Ha CHUMLMMa KommjyTe-
pr3oBaHe Tomorpaduje. Y npBom onrcaHoM Ciyyajy Kog ocobe
»KEHCKOT Mona, CTapocTn 78 roanHa, Ha KOMMjyTepr30BaHOj
ToMorpadmju rpyAHor Kolla onucyjy ce 6pojHu Hekanyndu-
KOBaHW HOZyCK, MehyTM TOKOM XocnuTanm3sawmje Aowno je
[0 NneTanHor ucxoga. Ha aytoncuju ce Ha nnyhrma youasajy
cvBKacTo-xyhkacTe HofynapHe npomeHe Audy3Ho pacrnopehe-
He y ropbUM 1 CpeatbrM NnapTujama gecHor nayhHor Kpuna,
Kao 1 NpOMeHe Y BUAY AeNMMIUYHO KanuuprkoBaHux usopuha
noKanun3oBaHUx y oba nnyhHa Kpvna. XMCTONOLIKOM aHanv3om

DOI: https://doi.org/10.2298/SARH220915112K

y30paKa 13 MakpOCKOMCKIM OMMCaHNX HOAYCa [JoKa3aHa je Ho-
AynapHa ammnongosa.

bonecHnk u3 gpyror npukasaHor ciyyaja je MyLwWwKor nona,
cTapocTtu 58 rofivHa, Koju je TpU rog1mHe paHuje onepmcao
afleHOKapLMHOM peKkTyMa. Ha KomnjyTepr3oBaHOj TOMOrpa-
dwvju nnyhHor napeHxnma onucyje ce TYMOPCKM HOAYC Koju
je nokann3oBaH y fotbem Aeny AecHor nayhHor Kpuna, Kao n
HOAyNMpaHa NPOMeHa oKann30BaHa y ropHeM pextby eCHOr
nnyhHor Kpuna. XMCTONOWKOM aHaIM30M MOCTONepaTuBHUX
y3opaka yTBpheHo je la HoAyC 3 AoHEr pextba OAroBapa Me-
TacTasu KOJIOpPeKTaHOr KapLHOMa, A0K Ce Y Y30PKY 113 ropber
pextba AecHor niyhHor Kpuna Hanase Jeno3nTii amunonaa.
3aksyyak [nyhHa HogynapHa amuionzo3a je peTko CTatbe,
a 360r CNMYHOCTY Ha AWjarHOCTUUYKOM UMULIMHTY TELWKO jy je
pa3nMKoBaTW of MaNUrHUx Tymopa nnyha, na y pyTHCKom
pafly KOHauHa fnjarHo3a amunonaose mopa 6utr notepheHa
6rioncmjom TKIBa.

KJ'by‘IHe peun: ammnionaosa; amnnong; I'IJ'thHI/I ManunrHnuTeTw;
ayToncmja; KOHTIO LjpBEHO
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Multidisciplinary treatment of massive trichobezoar
caused an acute gastric outlet obstruction
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SUMMARY

Introduction Trichobezoars presents a rare form of bezoar made of swallowed hair, with clinical manifesta-
tion of gastric or intestinal obstruction, gastric ulceration, bleeding, and perforation. It is predominantly
found in emotionally disturbed or mentally retarded youngsters, who eating their own hair which is clini-
cally known as trichophagia. Patients often deny eating their own hair which makes diagnosis difficult.
Case report We present a case of acute gastric outlet obstruction caused by a giant gastric trichobezoar
made of a long thin hair, in a 20-year young female. Although patient had a long history of trichophagia,
she did not think her behavior was unusual and she had not been treated before. Following the initial
diagnostic procedures, exploratory laparotomy was indicated. After anterior gastrotomy was performed,
a massive stomach-shaped trichobezoar was removed. Postoperatively, the patient had a psychiatric
consult exam. She recovered well and was discharged without complications. She was referred for further
psychiatric follow-up.

Conclusion Trichobezoars are non-digestible collections that usually accumulates in stomach and can
extend to small bowel, causing mechanical injury such as hollow viscus obstruction. Patients with acute
gastric obstruction caused by a giant trichobezoar require urgent removal of the trichobezoar, to preserve

the stomach and avoid further, catastrophic consequences.
Keywords: trichobezoar; gastrotomy; trichophagia; emotional disturbance

INTRODUCTION

Bezoars represent a undigested mass within the
gastrointestinal tract which enter the stomach
by swallowing non-absorbable materials [1, 2].
It could increase in size passing further into the
small intestine [1, 2]. Trichobezoars are rare
clinical entity, but they have been known for
centuries [1-7].

They are consist of a bunch of hairs in the
proximal gastrointestinal tract [1-7]. Hairs
enter the stomach by compulsive swallow-
ing, the disorder is called trichotillomania [7].
Trichotillomania is classified as an impulse
control disorder, with prevalence estimate to
2% [3, 7]. Repetitive hair pulling may be un-
consciously or unintentionally done [3]. The
inability to control the impulse to pull on€’s hair
out, is followed by an increase in tension which
is replaced by a feeling of satisfaction after the
act [8]. Trichophagia is hair swallowing occurs
in up to 18% of patients with trichotillomania
[1-8] Finally about 33% of patients with tricho-
phagia develop stomach trichobezoars [1-8].

Trichobezoars are most often found in
young women, in female children and adoles-
cents with underlying behavioral disorder, but
it can occasionally affect healthy adult [2, 4,

5]. Piles of hair create a ball in the stomach
that grows slowly for years and is asymptomatic
for a long time. Over time, first non-specific
symptoms occur such as nausea, vomiting, ab-
dominal pain, anorexia, early satiety, or weight
loss. Trichobezoars can enlarge and creates a
mechanical damage due to their presence in the
lumen of the stomach and intestines. This can
lead to serious complications such as gastric
mucosal erosions, gastric ulceration, gastric
outlet obstruction, pneumatosis, perforation
and peritonitis [6, 9].

Trichobezoars are foreign bodies that must
be removed. After visualization endoscopic
extraction of large trichobezoars often fails.
Complete removal of the massive trichobezoars
and treatment of the intestinal damage caused
by its presence is only possible surgically.

We are presenting a case of acute gastric out-
let obstruction caused by giant gastric tricho-
bezoar made of a long thin hair, in a 20-year-
old female. Consequences of her behavioral
disorder in this young woman was conformed
on the computed tomography (CT) scan. After
surgical removal of the massive trichobezoar,
she recovered without adverse events. Patient
would continue with psychiatric follow-up.
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CASE REPORT

A 20-year-old female was referred to the surgical examina-
tion at the Emergency Center with intermittent epigastric
pain and vomiting, which started two weeks prior. Patient’s
medical history revealed loss of appetite and early satiety.
She previously visited the Emergency Center six months
prior complaining of the same symptoms when an abdomi-
nal ultrasound and upright abdominal radiography showed
no specific findings. On general physical examination, ab-
dominal palpation of epigastric region revealed smooth
and hard intrabdominal curved lump approximately 10 cm
in diameter. Differential diagnosis of gastric trichobezoar
and gastric malignancy was made with further diagnos-
tic tests. Abdominal ultrasound showed a large mass in
the epigastric region with echogenic anterior margin. An
abdominal CT scan showed a distended stomach with a
clearly demarcated intraluminal mass extending from the
gastric cardia to the duodenal bulb which was described as
heterogeneous dense formation with interposed air inclu-
sions and without postcontrast enhancement (Figures 1a,

Loncar Z. et al.

1b, 1c). A gastric trichobezoar was diagnosed and gastro-
enterologist endoscopist was consulted.

Urgent esophagogastroduodenoscopy (EGDS) showed
small amount of esophageal blood, foreign body regur-
gitation and stomach filled with hair and impacted food
obstructing 80% of the gastric lumen with completely ob-
structing the antrum, disabling further propagation of the
endoscope. Considering the size of the mass and the extent
of bezoar on the CT scan it was thought that endoscopy
would likely fail to remove the mass completely without
large fragmentation and the risk for distal intestinal ob-
struction or gastric perforation. Thus, the patient was re-
ferred for emergency surgical treatment.

After adequate preoperative treatment by the anesthe-
siologist, a few hours after admission to the hospital the
patient underwent surgery. An exploratory laparotomy
through an upper midline abdominal incision was per-
formed. During exploration, smoothly contoured mass
was found occupying whole stomach and D1 of duodenum
Exploration of other visceral organs was uneventful. A
longitudinal 7 cm gastrotomy incision several centimeters

Figure 1a. Abdominal computed tomogra-
phy scan - axial sections show a trichobe-
zoar as non-enhancing intraluminal mass in
stomach

Figure 1b. Abdominal computed tomogra-
phy scan - coronal section shows a tricho-
bezoar as a non-enhancing intraluminal mass
with trapped air bubbles in the interstices

Figure 1c. Abdominal computed tomogra-
phy - axial sections that shows a trichobezoar
as intraluminal mass in stomach and tail in
duodenum

which is distending the stomach

Figure 2a. Gastrotomy, a massive compact
foreign body completely occupies the lumen
of the stomach

DOI: https://doi.org/10.2298/SARH221017116L

Figure 2b. Intraoperative trichobezoar ex-
traction following a gastrotomy

Figure 2c. Trichobezoar forming a cast of the
stomach

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):89-93
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above pylorus was made on the anterior surface of the
corporal region of the stomach (Figures 2a, 2b, and 2¢). A
massive trichobezoar of the stomach and duodenum was
extracted (Figure 2b, and 2c). The gastrotomy was closed
in two layers and the abdomen was closed with drainage.

The patient made an excellent post-operative recovery
with no complications. Postoperatively the patient was ex-
amined by a psychiatrist, this was her first psychiatric exam.
According to anamnesis data, she started to bite the ends of
her hair and then to pull it out at the root at the age of 13.
She denied the existence of any significant stressors in both
that period of her life, as well as presently. The diagnosis
of trichotillomania was confirmed. During hospitalization
oral intake was allowed on the fifth post-op day. She was
discharged from Surgery department on the seventh post-
op day in stable condition, with advice for psychotherapy
and psychiatric follow-up to avoid recurrence.

This study was done in accordance with the institutional
standards on Ethics.

DISCUSSION

Trichobezoars are foreign bodies, they are solid masses that
cannot be digested. It occurs most often in young people,
young women with behavioral disorders and retarded chil-
dren [4-9]. Trichobezoars are formed when indigestible
hairs are retained in the stomach, forming a ball, and instead
of being expelled through the peristaltic wave, remains in
the lumen, retaining parts of undigested food [1-7, 9]. Over
time this solid mass “grows,” takes the shape of the stomach
and extends distally into the duodenum and small intestine,
create the Rapunzel syndrome [4, 10, 11, 12].

If the patient continues to eat the hair, the trichobezoar
gets bigger and bigger, this process progresses slowly, and
the symptoms are non-specific for years. Sometimes fer-
mentation of the bezoar give the patient’s breath a putrid
smell which could be a warning clinical sign [6].

Trichobezoars occurs most often in young people,
young women with behavioral disorders and retarded
children [3, 8].

Trichobezoars, with their mechanical effect on the mu-
cosa of the lumen of the stomach and intestines, can cause
minor or major and even catastrophic complications, such
as organ perforation [3, 8, 10, 11, 12].

About 6% of all the bezoars presenting with symptoms
of gastric outlet obstruction.

We presented a rare case of trichobezoar, which mani-
fested itself as a surgical emergency due to acute gastric
obstruction in a young woman who had been swallowing
her own hair for years, without the idea of asking for a
psychiatric support and without the idea that she could
harm herself. She denied the existence of the psychology or
external stressors. Considering her first contact with a psy-
chiatrist in the context of the existing conditions this could
be understood as an expression of less mature psychologi-
cal defense mechanisms, as well as dissimulative behavior.
In a situation where the first psychiatric examination is
performed as part of the treatment of complications of the
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underlying disease, like in this case of trichotillomania,
only detailed psychological and psychiatric exploration, the
complete exploration patient’s life, as well as examination
outside the context of current events can provide sufficient
insight into their mental status [3, 8].

The complications of gastric trichobezoar are different,
it can rarely detach, and made satellites [11, 12]. Mirza et
al. [13] presented 17 cases of trichobezoars with different
complications, there was one case that had a satellite small
bowel trichobezoar in addition to the gastric trichobezoar.
Sometimes the signs of small bowel obstruction with in-
traluminal mass and the real cause of the intestinal ob-
struction can recognized late, which is one of the dangers
of bezoars. Therefore, it is recommendation that in any
case of gastric trichobezoar, during abdominal exploration
surgeon should looking for a secondary trichobezoar in
small or large bowel.

Trichobezoars most often present with one of three clin-
ical types: acute presentation due to complications made
by massive lesions, asymptomatic or atypical picture in
small or stable lesions, and incidental lesions. If there is
no evidence about behavioral disorder, small trichobezoars
can be asymptomatic for a long time, diagnosis is based on
clinical suspicion and on the correct selection of diagnostic
methods and radiological imaging. Depending on the size,
location and mechanical injuries caused by trichobezoar
the symptoms could be non-specific (dyspepsia, loss of
appetite, nausea, weight loss) or dramatic [9-15]. Most
often, trichobezoars are lesions located in the stomach,
leading to increased pressure on the mucosa, erosion of
the mucosa, malnutrition, gastric ulcerations, bleeding and
even gastric perforation [14, 15]. Severe clinical finding
is intestinal obstruction in about 25% of the patients and
perforation and peritonitis in about 18% cases [7,13-19]. It
is important to detect the existence of trichobezoar in time
to avoid serious complications. In our case, the patient had
an undetected trichobezoar for years, she did not consult a
doctor until acute gastric obstruction occurred.

Treatment is multidisciplinary and includes a differ-
ent specialist, psychiatrists, gastroenterologists, and sur-
geons in case of complications. Insight into the existence
of trichophagia, indicates a detailed clinical, endoscopic,
and radiological examination. The presence of hair in the
stool and the clinical finding of a palpable mass in the ab-
domen, especially in the epigastrium, are specific clinical
signs. Even abdominal ultrasound and plain radiograph
are not sensitive in cases of large gastric trichobezoars,
plain radiographs can show a gastric shaped opacified area,
which corresponds with heterogenous intragastric mass
on ultrasound.

The most sensitive in diagnostic algorithm is abdomi-
nal CT shows some distinctive features as well-defined
non-attached intraluminal mass with air bubbles retained
within the interstices [1, 2, 15]. EGDS is presented as the
gold standard because it serves both the diagnosis and the
therapeutic evacuation of the trichobezoars but it is not
suitable for all patients [16]. The therapeutic approach us-
ing EGDS is not suitable for all patients, as was the case
with our patient because it was impossible to fragment the
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solid impacted gastric mass and there was a risk of unin-
tentional stomach injury. Treatment is complete removal
of the foreign body, endoscopically or surgically, by laparo-
scopic or open surgical approach [17-21]. We performed
open midline laparotomy with gastrotomy following by
complete bezoar extraction, without any complications.
Some studies reported only 5% of successful endoscopic
bezoars removals, successful rate of 75% for laparoscopic
extraction and 99% successful for conventional laparotomy
with gastrotomy [17-21]. Therefore, laparotomy it is con-
sidered the treatment of choice. To completely eliminate
the lesion from stomach or intestines, there is no clinical
evidence of the drugs therapy effectiveness, such as en-
zyme therapy, and only mechanical removal of the lesion
is considered successful [18].

Multidisciplinary treatment is mandatory, and in addi-
tion to mechanical removal of bezoars, is psychiatric sup-
port and treatment of trichomania as an impulse control
disorder. To help the patient it is necessary to discover
biopsychosocial specificities in the origin and development
of the clinical characteristics of trichotillomania [3, 8]. The
success of the treatment in this case can only be attributed
to the good teamwork of the surgeon, gastroenterologist,
psychiatrist who established the first contact with patient,
the initial examination and initial diagnostic evaluation,
and further psychiatric supervision. Treating trichotil-
lomania is complex and includes pharmacotherapeutic,
socio-therapeutic and psychotherapeutic modalities. In
the treatment of these patients the most important results
are provided by behavioral or behavioral-cognitive psy-
chotherapy techniques [3, 8]. It is important to emphasize
that inadequately treated trichomania is accompanied by
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relapses when trichophagia occurs, and therefore psychi-
atric follow-up is necessary [3, 8].

After surgical removal of trichobezoars, clinical and
EGDS follow-up is advised during next six, 12 and 24
months due to potential abdominal complications or early
detection of recurrence of trichophagia with asymptomatic
trichobezoars in the stomach or intestines [19, 20, 21].

This case emphasizes the importance of trichobezoars
as a differential diagnosis in early diagnostic and therapeu-
tic procedures in young females with non-specific upper
abdominal complaints and an epigastric palpable mass. It
is also important to understand that it is a complex clinical
problem, primarily a disorder of impulse control which
requires psychiatric treatment, while surgery or endoscopy
only solve the consequences of this behavior disordered.
In patients with trichobezoar and trichotillomania, serious
complications may occur due to the presence of a foreign
body in the stomach or intestines, and another problem
is relapses of the disease. The experience with our patient
shows that only the interaction of medical knowledge and
skill from different medical disciplines can provide the
best understanding and the most successful treatment of
this disease.
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MYHTMAMCU,MHIIMHapHO neyere LMHOBCKOr XenyaauyHor Tpuxo6e30apa — peTtkor

Y3POKa aKyTHe ONCTPyKuMje XKenyua

3natnbop JloHuap'?, [paraH Bacun'?, Munow Puctuh?, lywaH Monosuh'*, aHujena Tnocaemwesuh'®, CredaH dyranuh'®,

KpctnHa [Joknectuh'2

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

2YHUBeP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a ypreHTHY xupyprujy, beorpag, Cpbuja;
3YHnBep3uTeTCKI KNUHUYKM LieHTap Cpbuje, LieHTap 3a pagronorujy 1 marHeTHy pe3oHaHLy, beorpag, Cpbuja;
*YHuBep3uTeTCKM KNnHYKKM LeHTap Cpbuje, KnHika 3a ractpoeHteponorujy, beorpag, Cpbuja;
YHUBEP3UTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a ncuxujatpujy, beorpag, Cpbuja;

YHnBep3UTETCKI KNUHUYKM LieHTap Cpbuje, KnuHuKa 3a ruHekonorujy 1 akywwepctso, beorpag, Cpbuja;

CAMETAK

YBopa Tpuxo6e3oapu npeacTaBibajy pegak o6nuk 6esoapa
HacTanux of NPOryTaHUX ANaka, ca KNMHUYKOM MaHrdecTa-
LivjoM ONCTPYKLMje XKenyLia uan LpeBsa, yauepaumje xenyua,
KpBapetba 1 nepdpopaumje. YrnaBHOM ce OTKPUBAjy KoL eMo-
LIMOHaNHO nopemeheHnx 1nv MeHTanHo peTapAanpaHnX Maanx
KOju jedy COMCTBEHY KOCY, LUTO je KNNHUYKW MO3HATO Kao Tpu-
xodaruja. BonecHuLm yectTo nopuyy fa jely CONCTBEHY KOCY,
LITO OTeXaBa AnjarHosy.

Mpukas 6onecHuKa MpeacTaB/bamo Ciyyaj akyTHE ONCTPYK-
Lmje xenyLia n3a3BaHe OrpPOMHUM XeyfayHUM Tpuxobe3oapom
CaunbeHNM Of AYrUX TaHKMX Anaka Ko 20-roauniitbe XeHe.
Wako je 6onecHula umana ayry uctopujy Tpuxodaruje, Huje
MUWC/IMNA A3 je HEeHO MoHaLlakbe HE0OVYHO 1 paHuje Huje neye-
Ha. lMocne noyeTHMX AnjarHOCTUYKMX NPOoLeAypa, MHANKOBaHa
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je ekcnnopaTvBHa nanapotomuja. HakoH yunmeHe npegrbe
racTpoTOMMje, YKIOHEH je MacUBHU Tprxobe30ap y 065nKy
xenyua. bonecHnua je noctonepaTMBHO NperneaaHa of cTpaHe
ncxujatpa. Onopaemna ce 1 OTNyLITEHa je 6e3 KoMnnKaumja.
YnyheHa je Ha farbe ncmxmjatpurjcko npahetse.

3aksbyuak Tprxobe3oapu cy HecBapsbrBe KomeKuyje Koje ce
06VYHO aKyMynmpajy Y KesyLly 1 MOry ce MPOLUMPUTY JO TaHKOT
LipeBa 13a3uBajyhn MexaHnyKa owTeherba, Kao LUTO je OncTpyK-
uyvja Wyn/bmx opraHa. bonecHmum ca akyTHOM ONCTPyKLMjoM
XKenyLia 13a3BaHOM LIMHOBCKMM Tprxo6e30apom 3axTeBajy XuT-
HO yKnarbarbe Tprxobe3oapa, Kako 6y ce cauyBao xenyaal, v
n3berne fasbe, KatactpodanHe nocneguue.

KrbyuHe peun: Tpuxo6e30ap; ractpotomuja; Tpmuxodaruja; emo-
LMoHanHy nopemehaju
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Implantation metastasis of colorectal cancer
following percutaneous biliary drainage
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SUMMARY

Introduction Malignant biliary obstruction represents a poor prognostic sign of metastatic colorectal
carcinoma. Percutaneous transhepatic biliary drainage (PTBD) is the procedure of choice for palliative
biliary decompression, and this method has both diagnostic and therapeutic values. One of the well-
known complications following this procedure is the development of catheter tract metastases that occur
in 0.6-6% of cases post-PTBD. In this case report, we present a patient with implantation metastases of
colorectal cancer following PTBD.

Case report In the last six years, 89 patients underwent PTBD procedure at the Oncology Institute of
Vojvodina. Among these patients, catheter tract implantation metastasis developed in one patient (1.1%).
In this report, we present a patient who underwent right hemicolectomy in January 2015 at the Oncology
Institute due to colon cancer located in the transverse colon. In January of 2018, a computed tomography
scan of the abdomen showed metastatic disease and chemotherapy was initiated. However, 29 months
following the start of chemotherapy, the patient developed jaundice, and as a result, PTBD procedure
was performed. A control computed tomography scan of the abdomen in March of 2021 showed a de
novo subcutaneous nodule 20 mm in diameter located at the level of ninth right rib. The nodule had been
considered a part of the scar that formed at a place of catheter entry, and was still present eight months
after PTBD procedure. Biopsy of the subcutaneous mass and pathohistological analysis confirmed well
differentiated colon adenocarcinoma.

Conclusion Catheter tract implantation metastasis is not a rare complication following PTBD for ma-
lignant biliary obstruction. It generally has a poor prognosis. Nevertheless, literature review shows that
radical surgical excision of the catheter tract tissue with hepatectomy can prolong survival in select
group of patients.

Keywords: colorectal cancer; malignant biliary obstruction; implantation metastasis; percutaneous
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transhepatic biliary drainage

INTRODUCTION

Malignant biliary obstruction represents a poor
prognostic sign of metastatic colorectal carci-
noma [1]. It usually develops as a consequence
of metastatic tissue growth in the liver itself, on
the peritoneum at the hilum of the liver, along
the extrahepatic portions of the biliary tract, or
in the extrahepatic lymph nodes [2]. In these
cases, percutaneous transhepatic biliary drain-
age (PTBD) is the procedure of choice with a
main purpose of palliative biliary decompres-
sion. In addition, PTBD can also have diagnos-
tic and therapeutic value [3,4]. However, one
of the well-known complications following this
procedure is the development of catheter tract
metastasis. Published reports show that this
complication can occur in up to 6% of cases
post-PTBD. In this case report, we present a pa-
tient with implantation metastases of colorectal
cancer following percutaneous biliary drainage.

CASE REPORT

A 68-year-old man was admitted to our depart-
ment where he had been receiving chemothera-
py regularly according to the FOLFIRI protocol
(5-Fluorouracil 400 mg/m?, 5- Fluorouracil
600 mg/m*in 22 hours, Leucovorin 200 mg/
m?, and Irinotecan 180 mg/m?) every two weeks
for metastatic colon cancer. During the inter-
view with a physician, the patient complained
of painful swelling on his right lower chest wall.
On clinical examination, a 5 x 3 cm solid, elas-
tic nodule was palpated in the right anterolat-
eral chest wall over the ninth rib and adjacent
intercostal spaces. The mass was fixed to the
chest wall. The overlying skin was mobile, but
had a scar that corresponded to the previous
PTBD procedure (Figure 1).

It is important to note that in January 2015
the patient underwent right hemicolectomy at
the Institute due to colon cancer located in the
transverse colon. The subsequent pathohisto-
logical examination confirmed TNM stage: G2
Adenocarcinoma T3N2(8/23) M0 with peri-
vascular (pV+) and perineural invasion (pN+).



Implantation metastasis of colorectal cancer

Figure 1. Clinical presentation of implantation metastasis- subcutane-
ous nodule in the anterior chest wall in the area of scar after percutane-
ous transhepatic biliary drainage procedure

Figure 2. Core biopsy specimen with diagnosis of low-grade mucinous
adenocarcinoma; H & E staining, 100 x magnification

Figure 3. An original sample taken from the right hemicolectomy
showing same histologic features of tumor as in the core biopsy; H &
E staining, 100 x magnification

In accordance with this, the patient received eight cycles
of adjuvant chemotherapy with Capecitabin, and he had
regular six-month follow up.

In January 2018, an abdominal computed tomography
scan showed enlarged intrabdominal lymph nodes sur-
rounding the celiac plexus and superior mesenteric artery.
A multidisciplinary team of physicians recommended the
two-week FOLFIRI chemotherapy regimen. In June 2020,
after 29 months of stop-and-go chemotherapy regimen,
the disease was radiologically stable, but with the appar-
ent clinical onset of jaundice. An abdominal ultrasound
showed dilatation of the right and left hepatic duct, as well
as the common bile duct. Following this, in July 2020, the
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PTBD with external and internal biliary drainage was suc-
cessfully performed, which resulted in decrease of biliru-
bin levels during the course of the following six weeks. A
control computed tomography scan of the abdomen in
March 2021 showed stable disease and the presence of a de
novo subcutaneous nodule 20 mm in diameter at level of
the ninth rib on the right in the area considered for a scar
at a place of catheter entry during the PTBD procedure
performed eight months prior to this. The same treatment
regimen (FOLFIRI) was continued, but at each subsequent
hospitalization subcutaneous node was growing larger,
and the patient started to complain of increasing pain and
discomfort in this area. An ultrasound-guided core biopsy
of the lesion dimension 4 x 3 cm was performed, and his-
topathological examination of the standard hematoxylin
and eosin stained sections revealed neoplastic infiltration
of fibrous tissue in the form of large lakes of extracellular
mucin with occasional strips of neoplastic colorectal epi-
thelium (Figure 2). Re-examination of the archived slides
of the primary tumor of the transverse colon confirmed
that the biopsied subcutaneous tissue had essentially the
same morphological features (Figure 3). Moreover, after
additional immunohistochemical analysis was performed,
immunoreactivity for SATB-2 and CK20, and no staining
with anti-CK7 antibody definitely confirmed the colorectal
origin of the low-grade metastatic tumor.

This study was done in accordance with the institutional
standards on Ethics.

DISCUSSION

Metastases along the catheter tract from PTBD procedure
can originate from various primary tumors, but typically
originate from metastatic pancreatic and biliary tumors.
However, to the best of our knowledge, this is a first case
report on implantation metastasis of colon cancer follow-
ing PTBD and the information regarding the median time
to detection post procedure, disease management, median
survival, and prognosis specific for this case are lacking.
In cases that originated from the primary tumors of the
biliary tract, median time to detection is 14 months post-
PTBD, and it has been reported in up to 6% of people who
underwent this procedure [5, 6]. Out of 89 patients that
had this procedure performed at our institution over the
course of six years, only the patient from the present case
report developed catheter tract implantation metastasis
(1.1% of total number of cases). Although there are several
proposed mechanisms that explain pathogenesis of cath-
eter tract metastasis, the precise mechanism has not been
completely elucidated. There are reports showing that lon-
ger procedure times with multiple catheter insertions and
biliary tract manipulations increase probability for tumor
cell seeding. In addition, more differentiated tumors, and
those with papillary histology are more prone to seeding
along the catheter tract [6]. In accordance with this obser-
vation, pathohistological report on the presented patient
confirmed that implantation subcutaneous metastasis con-
tained well differentiated colorectal adenocarcinoma cells.
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Oleaga et al. [7] was the first to report on a case of cu-
taneous metastasis of hilar cholangiocarcinoma.

Liu et al. [8] reviewed the English literature and found
30 reports on cases of cutaneous metastases in hilar chol-
angiocarcinoma.

In general, the prognosis for these patients is poor.
However, Sakata et al. [5] noted that the surgical removal
of solitary implantation metastatic nodules was followed
by a survival longer than one year in about 80% of patients.
In a study that examined four patients with this complica-
tion, patients’ survival ranged from 8 to 18 months with
post-excision median survival of 10.5 months [9].

PTBD represents an invasive procedure associated with
severe complications and significant mortality. Literature
review shows that per- and post-PTBD seven-day mortal-
ity rate ranges from 2.98% to 5.2%, while 30-day mortality
rate ranges from 23.1% to 33% [10, 11, 12]. Lauterio et al.
[13] reviewed results of six studies examining management
of the patients with metastatic perihilar cholangiocarci-
noma who underwent the PTBD procedure. In these stud-
ies, the reported mortality ranged between 0% and 12%
[13, 14, 15]. The most commonly identified risk factors
associated with increased postoperative complications were
biliary tract manipulation and subsequent development of
cholangitis and sepsis [16, 17].

The two types of interventions that are sometimes used
as an alternative to PTBD in treatment of malignant biliary
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MmnnaHTaunoHa meTacrasa KONI0pEeKTa/IHOr KapuuHoOMa nocjse nepkytaHe ApeHaxKe

KYYHUX NyTeBa

WBaH B. Hukonuh'?, Angpej Metpews?, Buktopuja Byuyaj-hupunosnh'?, HeHag Wonajuh'?, JeneHa Paguh'2
'YHusep3uTet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;

2/HcTUTYT 3a OHKonorujy BojsoguHe, Cpemcka KameHnuua, Cpbuja;
*KnuHnuku LeHTap Bojsogute, Hou Cap, Cpbuja

CAMETAK

YBop bunmnjapHa onctpykumja je Yecta KOMMaNKaumja meTa-
CTaTCKOT KOMOPEKTAIHOT KapLIMHOMa 1 YAPYKeHa je ca NoLIoM
MPOrHO30M KO 0BUX 6onecHuKa. [NepKyTaHa TpaHcxenaTny-
Ha 6bunujapHa gpeHaxa (MTB/) WrpoKo je pacnpocTpameHa
npoueaypa 3a bunujapHy Aekomnpecujy y3poKkoBaHa Masur-
HUTETOM 1 CIY>K 3a iUjarHOCTUYKe, Tepanujcke 1 NanujaTuBHe
cBpxe. [ojaBa MeTacTasa Ha MecTy yBoherba KaTeTepa jaB/ba ce
y 0,6-6% cnyyajeBa.

Linmb paga je npukas 6onecHrKa ca UMMNaHTaLMOHOM MeTacTa-
30M KOJIOpPeKTaIHOT KapLMHOMa nocsie nepkyTaHe bunmjapHe
ApeHaxe.

Mpukas 6onecHnka Ha MHcTUTYTY 33 OHKONorujy Bojsoan-
He y MPOTEK/MX LWeCT roguHa 89 6onecHnKa cy NoABpPrHy Ty
npoueaypw MNTB[, a nojaBa MNnaHTaLMoHe MeTacTase Ha
MecTy yBohetba KaTeTepa jaBuna ce Koj jefHor 6onecHuka
(1,1%). MpepcTaBbamo 6onecHNKa KOME je y Halloj yCTaHOBM
300r KapLMHOMa NoMnpeyHor KosloHa Y jaHyapy 2015. roguHe
yureHa AiecHa XxeMuKonekTomuja. JaHyapa 2018. roguHe Kom-
njyTepr3oBaHa ToMmorpaduja abgomeHa ykasana je Ha nojaBy
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MeTacTaTcke 60MecTu, Te je 3anoyeTa xemmotepanuja, anv ce 29
MeceL KacHuje nojasina XyTuua, Te je ypaheHa npoueaypa
MTBA. KoHTponHa KomnjyTepu3oBaHa Tomorpaduja abaome-
Ha (y mapTy 2021. rogriHe) nokasana je nojaBy de novo CymnKy-
TaHor yBopa 20 mm y npepeny AeBeTor pebpa fecHo, WTo je
cxBaheHo Kao MecTo OXUbKa Ha MecTy yBoherba KaTeTepa ocam
Meceum nocne npoueaype MNTB/. brioncnjom NOTKOXHE MeTa-
CTa3e NaToX1CTOSOLLKM je BeprdrKoBaH JOOPOo AndepeHLmpaH
afieHoKapLHom aebernor Lpesa.

3akspyyak [1ojaBa MMNNaHTaLMOHNX MeTacTa3a Ha MecTy
yBohetba KateTepa 360r ManvrHe bunmjapHe oncTpykuuje Huje
peTka KomnnuKaumja nocne MTB 1 061MYHO MMa noLLy NPOrHo-
3y. Minak, npernep nutepatype nokasyje fa y oaabpaHoj rpynu
6onecHVKa pagyKanHa onepauuja ca eKCL13njomM KaTeTepcKor
TpaKTa, Koja 3axTeBa 1 xenaTtekTomujy, omoryhasa fyrotpajHuje
npexviBbaBame.

KmbyuHe peun: KonopekTanHy KapLMHOM; ManurHa bunvjapHa

ONCTPYKLMja; UMMNaHTaLMOHa MeTacTa3a; NepKyTaHa TpaHCxe-
naTnyHa bunujapHa gpeHaxa
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SUMMARY

Basal cell carcinoma (BCC) is one of the most common malignant tumors in human medicine and the
most common skin malignancy, with the largest number of lesions found on exposed parts of the skin,
on the face, head, and neck. The average age of the patients is 60 years, with an increasing incidence in
younger ages and an increased incidence in males.

The incidence of BCC is increasing and doubles every 25 years. Annually, there are approximately 1,000,000
newly diagnosed cases worldwide. The frequency of malignant skin tumors depends on the influence
of external factors such as ultraviolet radiation and other biological properties of the skin with a higher
incidence in fair-skinned people (Fitzpatrick type | and type Il skin types).

BCCis a slow-growing malignant tumor that arises from the basal layer of the epidermis, the outer layer
of hair follicles, or the sebaceous glands. BCC can be locally invasive and, if neglected, can infiltrate
surrounding structures (muscles and cartilage) and vital structures, which can ultimately lead to death.
The clinical presentation is very diverse and dependent on the histological subtype. Prevention is the
most important and effective approach towards reducing the burden of BCC. The best treatment for
BCC is surgical excision with confirmation and verification of surgical margins. The therapeutic goal is
oncologic radical resection of the tumor, followed by reconstruction of the affected area for structure
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and optimal aesthetic result.

Keywords: carcinoma; basal cell; therapeutics; prognostic factors

INTRODUCTION

Malignant epithelial skin tumors, also known
as non-melanocytic skin cancer (NMSC) are
one of the most common malignant neoplasms
in human medicine. NMSCs comprise 95% of
all skin cancers and are considered to have the
most favorable prognosis with a high 5-year
survival rate [1, 2]. It is predicted that more
than 50% of people over the age of 50 will be
diagnosed with some type of skin tumor [3].
Biological behavior varies where most often
they will have a relatively benign course, while
others progress to extreme morbidity, mutila-
tion, metastasis, and even death [2 ,4, 5].

In 2020, there were 1,198,073 new cases of
NMSCs recorded worldwide. Of that number,
80%, or approximately 1,000,000 cases, were
classified as basal cell carcinomas (BCC) [1,
2]. In 2018, the number of newly discovered
NMSCs within the territory of the Republic of
Serbia for males and females were 1830 and
1715, respectively [3].

EPIDEMIOLOGY
It has been widely accepted that 80% of NMSCs

are BCC, and up to 20% are classified as squa-
mous cell carcinoma (SCC) [1, 4, 5].

The greatest number of BCC lesions are lo-
cated on areas of exposed skin [i.e., face (par-
ticularly on the upper two-thirds), head and
neck (90% of neoplasms)] [4, 5, 6]. The average
age of patients is 60 years, with an increasing
incidence in younger ages, and a higher inci-
dence in males [7-11].

NMSCs are predominantly found in the
Caucasian population (> 99%) among a fair-
skinned population (Fitzpatrick type I and
IT skin types, which are more prone to solar
burns), in geographic regions with a high level
of insolation [incidence is directly proportional
to the degree of exposure to ultraviolet (UV)
radiation] [6].

Over the past 30 years, the incidence of
NMSC has increased by 20-80%, and contin-
ues to increase at a rate that doubles every 25
years [1, 6, 8]. The number of newly diagnosed
cases annually in Europe ranges 40-80 per
10,000 inhabitants in Scandinavian countries
and Mediterranean counties, respectively [8].
In Australia, skin neoplasms account for 50%
of all tumors in the white population with an
incidence of 1600 per 10,000 people [8].

ETIOLOGY

The most important etiological factors are
the biological properties of the skin (i.e., skin
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type) and the influence of external factors, primarily
exposure to ultraviolet radiation, natural and artificial
(i.e., sunbeds). Among other external factors that play
arole in cutaneous carcinogenesis are: X-ray radiation,
alpha and beta radiation, chemical agents (tar, resins,
soot, arsenic, aniline, asbestos), atmospheric pollutants,
psoralen and nitrogen mustard, and immunosuppres-
sive therapy [1, 9]. Neoplasms can appear in areas of
chronic skin diseases such as actinic keratosis, degen-
erative skin atrophy, and scars, most often after burns.
Neoplasms can also occur as part of a syndrome, such
as xeroderma pigmentosum, nevoid basal cell carcino-
ma syndrome, also known as Gorlin-Goltz syndrome,
and albinism [1, 12]. Furthermore, the dose of UVB
exposure during childhood and adolescence is directly
proportional to the risk of developing BCC [1, 12, 13].

In regard to the pathogenesis of NMSCs, only the
wavelengths in the UV spectrum (100-400 nm) are of
clinical significance. The sun is a natural source of UV
radiation; however, the long-term effects of exposure to
sunlamps and sunbeds cannot be ignored, which may
also explain the increasing incidence of NMSC in younger
women, with the highest relative increase in women aged
40-49 (246%) and 30-39 (191%) [14, 15]. The amount
of radiation produced by fluorescent lamps and other
“cold” UV light sources is not clinically significant [16].

Solar radiation that penetrates to the Earth’s surface
generally does not contain UVC radiation. More than
95% of solar UV radiation is within the ultraviolet-vis-
ible (UVA) wavelength range, while the small remain-
ing amount of UVB is responsible for acute sunburn,
as well as most chronic sun damage and malignant de-
generation of human skin. A condition known as ery-
thema ab igne, caused by chronic exposure to radiant
heat, strongly simulates chronic UV injury [4, 5, 17].

Actinic damage, direct and local or indirect and sys-
temic, is the only universally recognized risk factor for the
development of all types of NMSC:s [7, 8]. The distribution
of NMSCs and individual susceptibility to UV-induced
tumors is inversely proportional to the melanocyte con-
tent of the skin [the highest density of melanocytes are on
chronically photo-exposed parts (i.e., face), the smallest
density of melanocytes are typically on unexposed skin re-
gions (i.e., soles and stomach)] and the constitutive higher
production of melanin pigment that is transported to ke-
ratinocytes to provide protection from UV radiation [6,
16]. UVB rays are most carcinogenic and have the great-
est immunological impact, but UVA rays are known to
significantly accentuate the acute damage caused by UVB
rays and enhance their carcinogenic effect [17, 18, 19].

The process of UV radiation-induced skin dam-
age starts at birth, accumulates over time, and can
eventually lead to the emergence of BCC [19, 20, 21].
Given the role that sun and wind exposure play in the
carcinogenesis of BCC, there is an increased risk of
BCC in certain occupations associated with extend-
ed outdoor exposure (i.e., farmers, sailors) [22, 23].
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PATHOGENESIS

BCC was first described by Jacob in 1827 using the term
“rodent ulcer” [20]. In 1903, Krompecher later described
the histological characteristics of what was initially con-
sidered a true epithelial carcinoma [21, 24, 25].

BCC is a slow-growing malignant tumor that arises from
the basal layer of the epidermis, the outer layer of the hair
follicle, or the sebaceous glands. It grows locally, infiltra-
tively, and destructively, affecting the adjacent skin and sub-
cutaneous tissue, which can lead to significant functional
and cosmetic defects. Locally, BCC can be very invasive. If
neglected, it can infiltrate the surrounding structures (mus-
cles, cartilage, bone), develop a superimposed infection,
and even lead to death [1]. Furthermore, BCC metastasizes
extremely rarely (0.0028-0.55%) [26, 27].

BCC, when experimentally transplanted without der-
mal tissue, does not survive [28]. A possible explanation
is that the altered stroma of scar tissue helps pluripotent
cells transform into malignant cells, which would further
explain the appearance of tumors in areas of trauma, ul-
ceration, and burns [29, 30].

Experimentally, BCC has previously been induced in
rats through the use of chemical carcinogens; however,
no tumor occurrences were ever observed when there was
only exposure to UV light. One-third of all BCCs occur
in areas of the body with little to no exposure to the sun
(30, 31].

CLINICAL PRESENTATION

BCC has a very diverse clinical presentation manifesting
macroscopically as macular, papular, nodular, and in the
form of a solid plaque, sometimes accompanied by ulcer-
ation (skin-color or transparent), lightly erythematous,
with raised edges where telangiectasias can be observed
(Figure 1) [1].

Figure 1. Weber “H" zone; used with permission from: Dimitrijevi¢ MV.
Epitelni maligni tumori koZe. In: Dimitrijevic MV, et al. Maksilofacijalna
hirurgija. Medicinski Fakultet, Beograd; 2020. p. 165-70
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Figure 2. Basal cell carcinoma pre-operative (A) versus post-operative (B); from the
private collection of Dimitrijevi¢ MV

Table 1. TNM classification of malignant skin tumors (Union for the International Cancer

Control, 2017)

Dimitrijevi¢ M. V. et al.

associated with a 25% increased risk for me-
tastasis, and tumors that are greater than
2 c¢m in size are associated with a poorer
prognosis [35, 36].

HISTOPATHOLOGICAL
CHARACTERISTICS

BCC is characterized by cells with a scant
cytoplasm, smaller hyperchromatic (darkly
stained) nucleus without a prominent nu-
cleolus. The peripheral layer of the tumor
typically forms a palisade arrangement with
a cleft that forms the adjacent stroma. BCC

can be divided into low- and high-risk types

based on certain histopathological charac-
teristics that have prognostic significance

(Table 2), primarily in relation to local re-

X Tumor cannot be assessed

TO No evidence of primary tumor

TIS Carcinoma in situ

T1 Tumor is up to 2 cm in the greatest diameter

T2 Tumor is > 2 cm but < 4 cm in the greatest diameter

superficial layers of the skin, perineural invasion)

Tumor is > 4 cm in the greatest diameter, or with minimal bone erosion,
T3 or with one or more high risk parameters (i.e., invasion into the deeper

currence, given that metastasis is extremely
rare. Superficial BCC, despite always being
classified as low-risk, tends to recur due its

T4A Tumor with significant invasion to the bone: core and/or marrow

multifocal growth pattern (Figure 3a), with

T4B

Tumor with skull base or axial skeleton invasion including foraminal
involvement and/or vertebral foramen involvement to the epidural space

some peripheral nests. Due to their small
dimensions, they can often be clinically

T - primary tumor site; N and M categorization corresponds to the same categories of other
localized malignant tumors of the head and neck [Brierley JD, Gospodarowicz MK, Wittekind CH
(eds). TNM Classification of Malignant Tumours (8th edition). Oxford, UK: Wiley-Blackwell, 2017]

Aggressive BCCs are characterized by a combination of
potential clinical manifestations such as subclinical growth,
aggressive local spread, incomplete excision, and recur-
rence [1, 19, 20].

In 1996, Weber defined the “H” zone of the face, the at-
risk region where BCCs are found most frequently (Figure
1). BCC can be divided into two categories: low and high
risk of recurrence after therapy. The key clinical features
used to make this distinction are location, size, margins,
immune status of the patient, and histopathological param-
eters (subtype, depth of invasion, perineural, and perivas-
cular invasion) (Figure 2) [21, 22].

Tumor staging is determined using TNM staging clas-
sifications. In Europe, staging is used for all skin regions
according to Union for the International Cancer Control
2017, while in the US the American Joint Committee on
Cancer 2017 system uses the classification only for tumors
of the head and neck region (Table 1).

BCCs in certain anatomical locations, such as the peri-
orbital, perinasal, and periauricular regions, often recur
(20-25%) [1, 17, 32]. This may be due to embryonic fusion
planes, the tendency for the tumor to spread peripherally
below the superficial layers of the skin (i.e., subclinical
extension), and the difficulty in accurately assessing the
extent of tumor extension during surgical excision (i.e.,
the lack of adequate margins) [33, 34].

Recurrent BCC becomes more aggressive as the num-
ber of treatments increases, as evidenced by a change in
tumor histology from nodular to infiltrative with each new
treatment attempt [34]. Tumor size greater than 5 cm is

‘ DOI: https://doi.org/10.2298/SARH220830010D

undetected and found beyond the tumor’s
margins typically manifesting in the form
of erythematous macules.

Table 2. Histopathological prognostic parameters of basal cell
carcinoma

1. Histopathological subtype

1.1 Low risk

1.1.1. Superficial

1.1.2. Nodular and variants

1.1.3. Rarer types (infundibulocystic/harmartomatous,
fibroepithelioma of Pinkus)

1.2 High risk
1.2.1. Infiltrative
1.2.2. Morpheaform (morphologic, sclerotic)
1.2.3. Micronodular

1.2.4. Basosquamous (metatypical)

2. Depth (level) of invasion

3. Perineural invasion

4.Vascular invasion

5. Status of resection margins
Modified from references No. 27 and 37

Variants of nodular BCC (i.e., cystic, adenoid) can
sometimes cause dilemmas in differential diagnosis due
to the similarities with certain adnexal tumors. According
to the World Health Organization classification of low-risk
tumors, pigmented BCC is also noted, which is essentially
not a separate histopathological subtype, but rather a clini-
cal presentation of different (usually superficial and nodu-
lar) types of BCC that exhibit brown pigmentation and can
simulate melanocytic lesions, including melanoma. The
pigment is most often found in melanophages, less often
in BCC cells or in multiple dendritic melanocytes in BCC

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):98-105
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MRy s 7
Figure 3. Histopathological types of basal cell carcinoma; superficial

nests (Figure 3b). Sometimes, clinically visible pigmenta-
tion represents the accumulation of hemosiderin.

Infiltrative BCC is characterized by irregular nests
(Figure 3c), while morpheaform BCC grows in the form
of narrow bands spanning the width of several rows of
cells, in a dense collagenous stroma, making it difficult to
clinically distinguish the border in relation to scar tissue
in recurrences. Micronodular BCC features small nests
of basaloid cells (up to 0.15 mm in diameter) that often
extend in depth and width beyond clinically detectable
margins (Figure 3d) [27, 37]. Basosquamous (metatypi-
cal) BCC shows fields of atypical squamous cells with the
appearance of SCC which has a higher recurrence rate and
metastatic capacity.

BCC often exhibits different types of structural features
within the same tumor, from the same risk category (e.g.,
superficial peripherally and nodular centrally; infiltrative
and morpheaform, or in combination with micronodular
or basosquamous), or from different categories (usually
superficial nodular and deeper in tissue infiltrative or mi-
cronodular). There are no clear indicators for the tendency
of recurrence in BCC exhibiting a combination of types
from different risk groups; however, it is best to determine
the risk according to the most aggressive component [37].
More aggressive variants are usually found deeper in the
tissue, making it difficult to perform adequate dermatos-
copy [38].

Deep invasion (i.e., beyond the subcutaneous fatty tis-
sue or > 6 mm from the granular layer of the surrounding
skin) is a factor that transforms T1 or T2 tumors into T3.
However, thickness as a risk for local recurrence and me-
tastasis was determined by study performed on SCC [39].

Unlike perineural, vascular invasion is not always men-
tioned as a factor influencing the staging of skin tumors,
primarily for the basosquamous type, although in practice
it can also be observed in other variants of BCC [37].
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(a) with
multifocal, small, superficial nests; pigmented (b) with melanin pigmentation
in the stromal melanophages and tumor cells; infiltrative (c), and micronodular
(d), which is found on the peripheral lines of the resection marked by the black
edges (H&E staining, magnification 40x (a, d), 100x (b, ¢); from the private
collection of Brasanac DC

The status of resection margins can be defined as
tumor presence at the resection line, close to the re-
section line (< 1 mm), and tumor-free (> 1 mm) [37].

DIAGNOSIS

Clinical presentation and a thorough patient his-
tory of exposure to risk factors and duration of le-
sion presence are often sufficient for the diagnosis
of BCC. Examination to evaluate the location and
size of the lesion is necessary, and dermatoscopy
can also be used to accurately assess skin lesions.
Definitive diagnosis is established via biopsy and
pathohistological verification. Smaller lesions are
removed entirely with surrounding parts of the
healthy skin and subcutaneous tissue, which is
commonly the case and a definitive treatment. For
larger lesions, a punch biopsy is performed [1, 4, 5].

Computed tomography and magnetic resonance
imaging are only used in more advanced tumors.
Timely detection and therapy are associated with
an excellent prognosis (high cure percentage and low re-
currence rate) [1, 5].

TREATMENT

Prevention is the most important and effective therapeu-
tic approach. It consists of education, the use of protec-
tive creams, and maximum reduction of sun exposure,
particularly during hours with a high UV index [33, 34].
Premalignant lesions should be treated before the full clini-
cal form of the tumor develops. An initially suspected BCC
lesion should be biopsied for histological confirmation [1].
The goal of treatment is radical resection of the tumor,
reconstruction of the function of the affected region for
structure and optimal aesthetic result [1, 17].
Therapeutic modalities can be classified into two catego-
ries: surgical methods and non-surgical methods [1, 4, 5, 9].
Surgical treatment is the modality of choice since it has sig-
nificant advantages, mainly in regard to histological control
and the lowest frequency of recurrence (Table 3). Surgical
techniques include classic surgical excision with postopera-
tive determination of surgical margins, Mohs micrographic
surgery, and destructive surgical techniques [1, 19, 20].

Table 3. Advantages of surgical treatment

1. Histological verification and confirmation that the tumor is
excised completely to “healthy” level

2. Tumor can be removed regardless of location and size

3. Aesthetic results are superior and is a significant factor in the
regions of the head and neck

4. Shorter duration of therapy

5.Treatment expenses

6. The induction of new tumors is avoided unlike in radiotherapy

Factors that affect the treatment decision are heavily
dependent on the tumor size, its location, histological type,
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invasion to surrounding structures, in depth spread, pa-
tient age, number of tumors, clarity of edges, whether it is
a primary tumor or recurrence, and any previous therapy.
Surgical treatment of facial skin cancer after tumor exci-
sion also includes reconstruction of the defect (Figure 4)
[1, 19]. When the surgical excision is incomplete, a reexci-
sion must be performed taking into account the patient’s
general health status, tumor type, and location [1, 17, 19].

Surgical techniques

Surgical treatment via excision with histological confir-
mation or Mohs surgery with confirmed surgical margins
is considered the standard therapy for BCC [4, 5, 40].
Surgical excision enables histological confirmation of tu-
mor removal and leads to good results in both low-risk

Figure 4. Basal cell carcinoma pre-op (A) versus post-op (B); from the private collection

Table 4. Criteria for successful treatment of basal cell
carcinoma

1. Prevention (patient education, UV protection)

2. Early diagnosis

3. Planned therapy - surgical intervention

4. Regular follow-ups

and high-risk tumors. For BCC, the primary
plan is surgical excision to reduce the risk
of recurrence. The recommended surgical
margins for well defined, low-risk tumors
(< 2 cm in size) are 4-5 mm and 6-10 mm
for high-risk tumor types as well as larger
lesions and recurrences [1, 19, 20].

Mobhs surgery is a surgical technique by
which, with the help of three-dimensional
microscopic control, complete excision of
the cancerous lesion with the entire subclinical extension
of the tumor can be achieved allowing for histological con-
trol of margins while achieving maximum therapeutic ef-
fect and tissue preservation [40]. Depending on the tumor
size, histological type, and recurrence, Mohs surgery is
recommended for high-risk tumors in regions of the face.
A disadvantage is that it is time-consuming, requires spe-
cial training, and significant financial resources [19, 20].

Destructive techniques

Other surgical therapies include more destructive tech-
niques such as electrodesiccation and curettage, cryosurgery,
“shave excision,” and laser therapy [28, 30]. These techniques
are typically used in elderly patients with multiple lesions
located primarily on the body and extremities, but rarely on
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Figure 5. Basal cell carcinoma treatment modalities; ED&C - electrodesiccation and curettage; MS — Mohs micrographic surgery; PDT -
photodynamic therapy; red text — standard therapy; black text — other therapeutic modalities; modified from reference No. 23
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the face. A major drawback to these techniques is that they
do not provide complete histological confirmation and have
low therapeutic effect [21, 22, 23, 41].

Non-surgical therapeutic modalities include the fol-
lowing: photodynamic therapy, radiotherapy, local therapy
[intralesional application of interferon, and pharmacologic
therapy (imiquimod, retinoids, 5-fluouracil)]. For more ad-
vanced cases, Hedgehog signaling pathway inhibitor drugs
such as vismodegib and sonidegib are used [42]. The disad-
vantage of destructive and non-surgical modalities is the loss
of histological control and a higher percentage of recurrence
compared to surgical treatment modalities [1, 25, 26].

All patients with a history of BCC require lifelong follow-
ups, regardless of treatment modality (Figure 5). The risk
of developing another BCC lesion is the highest in the first
three years after initial treatment. Patients with low-risk tu-
mors and histologically negative margins can be followed-
up annually, while patients with high-risk tumors without
histological confirmation of negative margins, or those that
have been treated with non-surgical methods, with recurrent
tumors, positive surgical margins or have an increased risk
of developing BCC, should be followed-up more frequently.
All patients with BCC must be educated about sun protec-
tion, trained in self-examination, and be advised to have
annual exams performed by their dermatologist [1, 43].

PROGNOSIS

BCC has an excellent prognosis, with a high cure rate and
low recurrence rate, with timely detection and therapy.
Worldwide mortality attributed to BCC is estimated to be
10,000 people annually. Well planned treatment is over 95%
effective. In 50% of patients, there is a possibility of develop-
ing a second BCC within five years. Recurrences occur in
5% of patients, most often within 4-12 months after initial
treatment. The likelihood of recurrence is dependent on the
histological subtype and therapy (i.e., positive surgical mar-
gins) [1]. Similar to other chronic conditions, for successful
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CONCLUSION

NMSCs are one of the most common malignant neoplasms
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The most important etiological factors are genetic pre-
disposition, exposure to UV radiation, radiotherapy, and
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Diagnosis of BCC is highly reliant on the clinical pre-
sentation and definitive diagnosis is established by patho-
histological verification.

The goal of treatment is radical resection and recon-
struction of the affected region for structure, function, and
optimal aesthetic result, as a one-stage procedure. Surgery
is the treatment of choice, offering significant advantages
over other treatment modalities, due to histological con-
trol, lowest recurrence rate, and cure rate of up to 95%.

ACKNOWLEDGMENT

Contributions of Brasanac DC were partially supported
by the Ministry of Education, Science and Technological
Development of the Republic of Serbia (Grant No. 200110).

Ethics: The manuscript has been written in accordance
with the ethical standards of the respective institution and
the journal.

Conflict of interest: None declared.

6.  Migden MR, Chen L, Silapunt S, editors. Basal Cell Carcinoma:
Advances in Treatment and Research. First Edition. Springer
Nature Switzerland AG; 2020. p. 290.

[DOI: 10.1007/978-3-030-26887-9]

7. Videnovi¢ G, Miljus D, lli¢ D, Krasi¢ D, Zivkovi¢ S. Nonmelanoma
Skin Cancer in the Population of the City of Belgrade in the Period
1999-2011. Srp Arh Celok Lek. 2015;143(5-6):290-5.

[DOI: 10.2298/sarh1506290v] [PMID: 26259401]

8.  Green A, Battistutta D. Incidence and determinants of skin cancer
in a high-risk Australian population. Int J Cancer. 1990;46(3):356—
61.[DOI: 10.1002/ijc.2910460303] [PMID: 2394501]

9. Dimitrijevi¢ M, Jovi¢ M, Stojkovic G, Dimitrijevic A. Reconstruction
of the large columella defect with Schmid-Meyer flap. Vojnosanitet
Pregl. 2022;79(12);1274-76. [DOI: 10.2298/VSP210223091D]

10. Reinau D, Surber C, Jick SS, Meier CR. Epidemiology of basal cell
carcinoma in the United Kingdom: incidence, lifestyle factors, and
comorbidities. Br J Cancer. 2014;111(1):203-6.

[DOI: 10.1038/bjc.2014.265] [PMID: 24874476]

11. WuS, Han J, LiWQ, Li T, Qureshi AA. Basal-cell carcinoma incidence
and associated risk factors in U.S. women and men. Am J Epidemiol.
2013;178(6):890-7. [DOI: 10.1093/aje/kwt073] [PMID: 23828250]

www.srpskiarhiv.rs ‘

103



104

20.

21.

22.

23.

24.

25.

26.

27.

Jesi¢ S, Radulovic¢ R, Djeri¢ D, Nesi¢ V, Dimitrijevi¢ M, Petrovi¢ Z,

et al. Karcinom koze spoljasnjeg slusnog hodnika [Carcinoma

of the skin of the external auditory meatus]. Acta Chir lugosl.
2004;51(1):55-9. Serbian. [DOI: 10.2298/aci0401055j]

[PMID: 15756788]

Dimitrijevi¢ M, Vujici¢ Z, Trivi¢ A. Surgical treatment of advanced
malignant tumors of the skin in head and neck region; 2nd Balkan
Congress for Plastic, Reconstructive and Aesthetic Surgery and
ISAPS-Mini Course. Belgrade, Yugoslavia; 2001. p. 105.

Muzic JG, Schmitt AR, Wright AC, Alniemi DT, Zubair AS, Olazagasti
Lourido JM, et al. Incidence and Trends of Basal Cell Carcinoma
and Cutaneous Squamous Cell Carcinoma: A Population-Based
Study in Olmsted County, Minnesota, 2000 to 2010. Mayo Clin
Proc. 2017;92(6):890-8. [DOI: 10.1016/j.mayocp.2017.02.015]
[PMID: 28522111]

Ferrucci LM, Cartmel B, Molinaro AM, Leffell DJ, Bale AE, Mayne ST.
Indoor tanning and risk of early-onset basal cell carcinoma. J Am
Acad Dermatol. 2012;67(4):552-62.

[DOI: 10.1016/j.jaad.2011.11.940] [PMID: 22153793]

Housman TS, Williford PM, Feldman SR, Teuschler HV, Fleischer AB
Jr, Goldman ND, et al. Nonmelanoma skin cancer: an episode of
care management approach. Dermatol Surg. 2003;29(7):700-11.
[DOI: 10.1046/j.1524-4725.2003.29185.x] [PMID: 12828693]

Jovi¢ MS, Dimitrijevi¢ MM, Dimitrijevi¢ AM, Stojkovi¢ GG. Analysis
of reconstructive methods in surgical treatment of nasal skin
defects. Vojnosanit Pregl. 2016;73(8):723-7.

[DOI: 10.2298/VSP140829052]] [PMID: 29328583]

Walker P, Hill D. Surgical treatment of basal cell carcinomas using
standard postoperative histological assessment. Australas J
Dermatol. 2006;47(1):1-12.

[DOI: 10.1111/j.1440-0960.2006.00216.x] [PMID: 16405477]
Griffiths RW, Suvarna SK, Stone J. Do basal cell carcinomas recur
after complete conventional surgical excision? Br J Plast Surg.
2005;58(6):795-805. [DOI: 10.1016/j.bjps.2005.02.010]

[PMID: 16086990]

Wilson AW, Howsam G, Santhanam V, Macpherson D, Grant J, Pratt
CA, et al. Surgical management of incompletely excised basal

cell carcinomas of the head and neck. Br J Oral Maxillofac Surg.
2004;42(4):311-4. [DOI: 10.1016/j.bjoms.2004.02.030]

[PMID: 15225948]

Sexton M, Jones DB, Maloney ME. Histologic pattern analysis

of basal cell carcinoma. Study of a series of 1039 consecutive
neoplasms. J Am Acad Dermatol. 1990;23(6 Pt 1):1118-26.

[DOI: 10.1016/0190-9622(90)70344-h] [PMID: 2273112]

Hauschild A, Breuninger H, Kaufmann R, Kortmann RD, Schwipper
V, Werner J, et al. Short German guidelines: basal cell carcinoma.
J Dtsch Dermatol Ges. 2008;6 Suppl 1:52-4. [Article in English,
German] [DOI: 10.1111/j.1610-0387.2008.06708.x]

[PMID: 18801139]

Zloty D, Guenther LC, Sapijaszko M, Barber K, Claveau J, Adamek
T, et al; Canadian Non-melanoma Skin Cancer Guidelines
Committee. Non-melanoma Skin Cancer in Canada Chapter

4: Management of Basal Cell Carcinoma. J Cutan Med Surg.
2015;19(3):239-48.[DOI: 10.1177/1203475415586664] Erratum in:
J Cutan Med Surg. 2015;19(6):604. [PMID: 25986316]

Schierbeck J, Vestergaard T, Bygum A. Skin Cancer Associated
Genodermatoses: A Literature Review. Acta Derm Venereol.
2019;99(4):360-9. [DOI: 10.2340/00015555-3123]

[PMID: 30653245]

Cameron MC, Lee E, Hibler BP, Giordano CN, Barker CA, Mori S, et
al. Basal cell carcinoma: Contemporary approaches to diagnosis,
treatment, and prevention. J Am Acad Dermatol. 2019;80(2):321-
39.[DOI: 10.1016/j.,jaad.2018.02.083] Erratum in: J Am Acad
Dermatol. 2019;81(1):310. [PMID: 29782901]

Pellegrini C, Maturo MG, Di Nardo L, Ciciarelli V, Gutiérrez Garcia-
Rodrigo C, Fargnoli MC. Understanding the Molecular Genetics of
Basal Cell Carcinoma. Int J Mol Sci. 2017;18(11):2485.

[DOI: 10.3390/ijms18112485] [PMID: 29165358]

Elder DE, Massi D, Scolyer RA, Willemze R, editors. WHO
classification of skin tumours. International Agency for Research
on Cancer; 2018.

DOI: https://doi.org/10.2298/SARH220830010D

29.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Dimitrijevi¢ M. V. et al.

Kuonen F, Huskey NE, Shankar G, Jaju P, Whitson RJ, Rieger KE,

et al. Loss of Primary Cilia Drives Switching from Hedgehog to
Ras/MAPK Pathway in Resistant Basal Cell Carcinoma. J Invest
Dermatol. 2019;139(7):1439-48. [DOI: 10.1016/}.jid.2018.11.035]
[PMID: 30707899]

De Giorgi V, Savarese |, Gori A, Scarfi F, Topa A, Trane L, et al.
Advanced basal cell carcinoma: when a good drug is not enough.
J Dermatolog Treat. 2020;31(6):552-3.

[DOI: 10.1080/09546634.2018.1542481] [PMID: 30388924]
Kamath P, Darwin E, Arora H, Nouri K. A Review on Imiquimod
Therapy and Discussion on Optimal Management of Basal Cell
Carcinomas. Clin Drug Investig. 2018;38(10):883-99.

[DOI: 10.1007/540261-018-0681-x] [PMID: 30128748]

Martens MC, Seebode C, Lehmann J, Emmert S.
Photocarcinogenesis and Skin Cancer Prevention Strategies: An
Update. Anticancer Res. 2018;38(2):1153-8.

[DOI: 10.21873/anticanres.12334] [PMID: 29374752]

Skoda AM, Simovic D, Karin V, Kardum V, Vranic S, Serman

L. The role of the Hedgehog signaling pathway in cancer: A
comprehensive review. Bosn J Basic Med Sci. 2018;18(1):8-20.
[DOI: 10.17305/bjbms.2018.2756] [PMID: 29274272]

Weber P, Tschandl P, Sinz C, Kittler H. Dermatoscopy of Neoplastic
Skin Lesions: Recent Advances, Updates, and Revisions. Curr Treat
Options Oncol. 2018;19(11):56. [DOI: 10.1007/s11864-018-0573-6]
[PMID: 30238167]

Brasanac D, Boricic |, Todorovic V, Tomanovic N. Primary
cutaneous carcinosarcoma: case report with expanded
immunohistochemical analysis. Int J Dermatol. 2008;47(5):496—
501.[DOI: 10.1111/j.1365-4632.2008.03427.x] [PMID: 18412870]
Moyer VA; U.S. Preventive Services Task Force. Behavioral counseling
to prevent skin cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med. 2012;157(1):59-65.
[DOI: 10.7326/0003-4819-157-1-201207030-00442]

[PMID: 22751761]

Sanchez G, Nova J, Rodriguez-Hernandez AE, Medina RD,
Solorzano-Restrepo C, Gonzalez J, et al. Sun protection for
preventing basal cell and squamous cell skin cancers. Cochrane
Database Syst Rev. 2016;7(7):CD011161.

[DOI: 10.1002/14651858.CD011161.pub2] [PMID: 27455163]
Slater MC, Cook M. Dataset for histopathological reporting of
primary cutaneous malignant melanoma and regional lymph
nodes. Standards and datasets for reporting cancers. London: The
Royal College of Pathologists; 2019. p. 49.

Popadi¢ M, Brasanac D. The use of dermoscopy in distinguishing
the histopathological subtypes of basal cell carcinoma: A
retrospective, morphological study. Indian J Dermatol Venereol
Leprol. 2022;88(5):598-607. [DOI: 10.25259/1JDVL_1276_20]
[PMID: 35146979]

Brantsch KD, Meisner C, Schonfisch B, Trilling B, Wehner-Caroli J,
Rocken M, et al. Analysis of risk factors determining prognosis of
cutaneous squamous-cell carcinoma: a prospective study. Lancet
Oncol. 2008;9(8):713-20. [DOI: 10.1016/51470-2045(08)70178-5]
[PMID: 18617440]

Sun H, Jiang P. MicroRNA-451a acts as tumor suppressor in
cutaneous basal cell carcinoma. Mol Genet Genomic Med.
2018;6(6):1001-9. [DOI: 10.1002/mgg3.473] [PMID: 30209892]
Hughley BB, Schmalbach CE. Cutaneous Head and Neck
Malignancies in the Elderly. Clin Geriatr Med. 2018;34(2):245-58.
[DOI: 10.1016/j.cger.2018.01.004] [PMID: 29661336]

Dika E, Scarfi F, Ferracin M, Broseghini E, Marcelli E, Bortolani B, et
al. Basal Cell Carcinoma: A Comprehensive Review. Int J Mol Sci.
2020;21(15):5572. [DOI: 10.3390/ijms21155572] [PMID: 32759706]
Al Wohaib M, Al Ahmadi R, Al Essa D, Maktabbi A, Khandekar R, Al
Sharif E, et al. Characteristics and Factors Related to Eyelid Basal
Cell Carcinoma in Saudi Arabia. Middle East Afr J Ophthalmol.
2018;25(2):96-102. [DOI: 10.4103/meajo.MEAJO_305_17]

[PMID: 30122855]

Petrovic M, Shamsian A, Hopp ML, Vardanyan N. Evaluating the
Efficacy and Trend of Sinus Surgery. Int Arch Otorhinolaryngol.
2020;24(4):e407-e412. [DOI: 10.1055/5-0039-3402436]

[PMID: 33101503]

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):98-105



Basal cell carcinoma - principles of treatment

Easou,enynapl-m KapUuMHOM — MNPUHLUUNU N1eYetba

MunosaH B. umutpunjeun'?, Qumntpuje Y. bpawanat?, Hukona P. Togoposuh?, Malwa I. Metposuh', AHa M. Iumutpujeuh'*

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

*YHnBep3uUTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuKa 3a oTopuHonapuHronorujy 1 makcunodauujanty xupyprujy, beorpag, Cpbuja;
YHueep3uTeT y beorpaay, MeanunHcki dakyntet, UHcTUTyT 33 natonorujy, beorpap, Cpbuja;
*YH1Bep3UTETCKM KNMHNYKM LieHTap Cpbuje, KnnHika 3a ouHe bonectn, beorpag, Cpbuja

CAMETAK

BasouenynapHu KapLMHOM je jeiaH of Hajuelwhnx ManurHmx
TymMopa y XyMaHOj MeAVNLMHN 1 Hajuellhin ManurHom Koxe.
Hajsehn 6poj ne3uja Hanasu ce Ha eKCMOHMPAHKM [eNoBMMa
KO»e, Ha 1Ly, NornaBmHM 1 Bpaty. MpoceyHa ctapocT 6one-
CHUKa je 60 roguHa ¢ TeHAeHLUMjoM rnojase Y cBe Miahoj *Kn1BoT-
HOj ;06U 1 Yelwhe Kof MyLLIKapaLia.

WHumnpeHua je y nopacty n yaBocTpyuyje ce Ha 25 roamHa. bpoj
HOBOOTKPMBEHMX C/lyYajeBa Ha rogulibem HUBOY y CBETY je
npubnmxHo 1.000.000. YuecTanoct ManurHnx Tymopa Koxe je
3aBWCHa Of yTrLaja CMosbHUX GaKTopa, Ha NPBOM MecTy YB
3payetba, a NOTOM 1 BVOJOLLKIX CBOjCTaBa Koxe (0cobe cBeTne
nyTu, Tan | n Il no Guynatpuky).

BasouenynapHu KapLyHoMm je cnopopacTyhv ManurHy Tymop
Koju HacTaje U3 6a3anHor cnoja enuaepmmca, CnosbHOr cloja

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):98-105

donukyna gnake nnu cebaveanHux xnespaa. Moxe 6yt nokan-
HO VIHBa3MBaH U, YKOJIMKO Ce 3aHeMapu, MOXe HGUITpucaTm
OKOJIHe CTPYKType (MuLmhe, XPCKaByiLy) 1 BUTaHe CTPYKTYpPE,
LUTO MOXe fOBECTN 0 CMPTHU.

KnrHnuka cnka je Beoma pasHoMKa 1 3aBUCK Of XUCTONOLLKOT
noaTuna. lNpeBeHUMja NpefcTaBiba HajBaXKHWjU 1 HajedUKa-
CHWjW HAUMH Neyetba. XMPYPLLKO Sleuere eKCLM3njoM C XUCTO-
NOLUKOM MOTBPLOM M MPOBEPOM XMPYPLLKUX MapriHa je CTaH-
JapAHa Tepanuja 6asouenynapHor KapuyHoma. Liumb nevetrba
je OHKOMNOLLKM pafnKaaHo yKknamatbe TYMOpa, PEKOHCTPYKLMja
dyHKUWje 3axBaheHe peruje — CTPYKType 1 ONTManaH ecTeTcku
pesynTart.

KmbyuHe peun: 6a3oLenynapHy KapLMHOM; IeYeHe; MPOrHo-
CTUYKM MapameTpu
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SUMMARY

Introduction In modern global times, the answer to the question of how to live well is palliative care.
It is a type of care that is dedicated to creating circumstances in which the process of dying, and death
itself, becomes a dignified and acceptable moment. The palliative approach is based on empathy, un-
derstanding, on preserving the dignity of the patient, on open two-way communication, as well as on
caring for the patient’s family.

Objective This article comprises three aims. The first aim refers to introducing our professional milieu
to the basic concepts and philosophy of palliative care. The second aim points out the importance of
multidisciplinary and comprehensive care (physical, psycho-social, and spiritual) in palliative care in
general. The third aim is to critically consider various obstacles and resistance that exists in our environ-
ment regarding the organization of palliative care, through the prism of various models of palliative care
around the world, particularly in Europe and in the regional countries.

To search the literature, we used the following databases: Web of Science, PubMed, SCIndeks, Google
Scholar; by the following keywords: palliative care, neonatal palliative care, nursing, palliative pain, na-
tional palliative care program. We presented the analyzed data using a descriptive method.
Conclusion If the right to palliative care is seen as a special human right, it can be concluded that our
country lags significantly behind developed countries in this regard. Hence, the preoccupation of the
author in this paper is the theoretical foundation of palliative care, with special emphasis on the multidis-
ciplinary team. The purpose of this paper is to point out the connection between palliative care and the
phenomenon of the quality of life, as something that is extremely important not only to each individual
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but to the society as a whole.
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INTRODUCTORY CONSIDERATIONS

In addition to beautiful things, the constants
in people’s lives are dying, death, grief. The
development of medicine in many aspects as
well as technological advances have led to the
prolongation of human life [1]. However, death
still finds its way to people, which is considered
a frightening reality and a failure of medicine
and doctors. Ever since the fourth century AD,
to when the word hospice dates back, in ancient
Greece (Latin hospitium — home, hospitality),
we have been trying to understand the psycho-
social and spiritual aspect of the needs of sick
and dying members of society [2].

Man of the modern age reacts to the chal-
lenge of death with greater fear than man from
the past. Thus, for the sake of illustration, the
famous philosopher Epicurus tries to bypass the
mortal escape of life, defining death as “suppos-
edly the most terrible evil” According to him,
“death does not concern us, because as long
as we exist, there is no death, and when death
comes, then there is no more of us. Death there-
fore does not concern the living or the dead,
because it does not apply to the former” [3].

When curative medicine exhausts all possi-
bilities in the treatment of a patient with active,
progressive, and advanced disease, palliative
medicine continues with appropriate medical
care. Palliative care of patients is a treatment,
namely a series of specially adapted treat-
ments that eliminate (as much as possible) the
discomfort, symptoms, and stress that severe
illness itself brings to the patient, i.e., pain, fa-
tigue, nausea, loss of appetite, depression, in-
somnia, anxiety, vomiting, stool problems, etc.
The emphasis is on interdisciplinary treatment
of patients and family members from the mo-
ment of learning about the diagnosis of an in-
curable disease to the period of mourning after
the death of an individual. For these reasons,
in addition to doctors and nurses, the team is
joined by social workers, pharmacists, nutri-
tionists, psychotherapists with specializations
in the field of palliative care, theologians, i.e.,
specially trained spiritual advisors.

The quality of life is increasingly considered
the ideal of modern medicine from the aspect
of bio-psycho-social point of view [4, 5, 6]. The
question arises — what is the quality of life [7,
8]. One of the most comprehensive definitions
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of quality of life is stated by Felce and Perry [9]. They de-
fine the quality of life as an overall, general well-being,
which includes objective factors and subjective evaluation
of physical, material, social and emotional well-being, to-
gether with personal development and purposeful activ-
ity. Everything is valued through a personal set of moral
norms of the environment [8, 9]. Keith [10] and Schalock
[11] say that quality of life can be used as a “sensitive term
that provides recommendations and guidance,” as a “social
assembly;” as an “organizational concept” or “all together”
as: “a systemic framework which can be seen in the work
aimed at improving the lives of individuals” [8]. There are
connections and differences between the quality of life and
similar concepts such as well-being, pleasure, satisfaction,
functional status, and health condition [8].

DEFINITIONS OF PALLIATIVE CARE

In Serbia, palliative care is still in its infancy [12, 13]. There
are ambiguities about the terminology and the content of
the hospice and palliative care [14]. “Hospice care is always
palliative, but not every palliative care is hospice care” The
terms palliative care and palliative treatment are most com-
monly used. It is often considered that palliative care is
only for the elderly, only for cancer patients, only for the
last few days of life.

The definition and meaning of the word “palliative”
(from the Latin word palliativus) heals only temporarily;
solves an issue only seemingly, only for a while, which
covers up, mitigates [15, 16, 17]. Palliative treatment is a
treatment that seemingly removes only the external signs
of the disease, and not the disease itself and its cause [16].

However, there are opinions that the term “palliative”
comes from the Latin word pallium, which means cloak,
mantle, or blanket [2]. This term is also translated as
‘mask’ It seems that this is the reason why the word ‘pal-
liative” has a negative connotation in our environment, in
the sense of concealing the real cause of a negative phe-
nomenon. Such an opinion, which palliative care implies
in terms of a procedure that eliminates only the symptoms
and not the disease itself and its cause, is logically correct,
but it can cause the essentially positive aspects and con-
tributions which the palliative care program contains to
be overlooked [18].

In medicine, the term palliative medicine is introduced
by Balfor Mount of Montreal, who founded the first pallia-
tive care unit at the Royal Victoria Hospital in 1975 [19].
The etymology of the word palliative indicates that such
care deals with symptoms that are “wrapped” or “alleviat-
ed” by treatment whose main goal is to improve the quality
of life of patients under existing circumstances, and never
to hide the effects of incurable diseases [20].

The evolution of palliative care can be roughly divided
into three phases. In the first, earliest phase of develop-
ment, the focus was on caring for terminally ill patients
by establishing a place to die. The second, middle and key
phase of development is related to the development of the
modern hospice movement in Great Britain in the second
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half of the 20th century and Ms. Cicely Saunders. The third,
modern phase refers to the present period, which is still
developing [21]. The beginnings of modern hospice and
palliative care are linked to Dame Cicely Saunders, who in
1967 founded the first modern hospice, St. Christopher’s in
London. The Hospice Movement, through the promotion
of the principle of palliative care, has had a global impact
and has led to improved standards of care for people facing
a serious or incurable disease [14]. At that time, she op-
posed the dominance of the medical, conventional model
by developing the so-called bio-psycho-social and spiritual
holistic model for monitoring the needs, care, and nursing
of dying patients. From that period begins the development
of the so-called hospice of medicine and philosophy of car-
ing for dying people [22, 23].

In the foreign literature in the field of palliative care,
the following terms are distinguished: life-limiting illness,
life-threatening illness, and terminal phase of the disease.
In free translation, life-limiting illness refers to life-limiting
diseases, i.e., all those diseases that lead to inevitably pre-
mature death (for example, Dischen’s muscular dystrophy).
Life-threatening illness includes all those illnesses that lead
to premature death but possible long-term survival (for
example, children treated for certain malignant diseases
in childhood). The terminal phase of the disease describes
children or adults who are in the dying phase [2, 24].

The definition of palliative care has been developed
over the years as the medicine has evolved [25, 26]. The
World Health Organization has most succinctly defined
this term as active, overall care for patients whose disease
is incurable. The World Health Organization changed the
definition on several occasions, so palliative care was a ho-
listic and active approach, and comprehensive procedures
applied in caring for the physical, psychological, social and
spiritual needs of the seriously ill, as well as providing psy-
chosocial support to the family to achieve the best quality
of life for terminally ill patients and their families through
pain control and other patient symptoms [24].

The more recent 2002 definition is as follows: “Palliative
care is an approach that improves the quality of life of
patients and their families by tackling life-threatening
problems through prevention and alleviation of suffering
through early detection and unmistakable assessment and
treatment of pain and other symptoms of illness: physical,
psychosocial, and spiritual” [24]. The patient suffers not
only physically but also psychologically (fear of the un-
known and unpredictable), spiritually (feelings of worth-
lessness, meaninglessness, and hopelessness) and socially
(abandonment). Thus, the notion of quality of life can only
be determined by the patient himself [8]. In the field of
hospice care, the quality of life is very often explained by
the “Kalman gap.” In 1984, Dr. Kalman graphically pre-
sented the quality of life and guidelines for improving it
(Figure 1). According to him, the quality of life is good if
the expectations are in line with the current circumstances.
The bigger the “gap” between expectations and possibili-
ties, the worse the quality of life. Therefore, if we want to
improve the quality of life, we must change our expecta-
tions in accordance with the possibilities.

www.srpskiarhiv.rs ‘

107



108

Kvalitet zivota (QoL)*

Jaz" Wade. oéekivanja

merilo QoL |

Realnost, ovde i sada

Vreme —

——e e —=THE | Promena oéekivanja
> ] Poboljsanje QoL
/\j\/\j /" Poboljsanje stanja
Razvoj palijativnog zbrinjavanja u Srbiji
Projekat finansira Evropska unija

Figure 1. Kalman gap - graphically presented quality of life;
source: https://www.slideserve.com/zamir/eti-k-e-dileme-u-
palijativnom-zbrinjavanju-dr-john-ely

* Kalmanov jaz (1984.)

Palliative care can be seen as active, holistic care for the
seriously ill by a multidisciplinary team [27, 28]. Palliative
care is there to provide the best quality of life until the
moment of death [29]; and that by the following [21, 30]:

« relieving pain and other symptoms of the disease,

« affirming life and all its values, but vieing death as a

normal process,

« not accelerating or delaing death,

« integrating psychological and spiritual aspects of pa-

tient care,

« offering support to patients so that they can live as

actively as possible until the moment of death,

« offering a system of support and assistance to the

family,

« using a team approach in identifying the needs of pa-

tients and their families.

MULTIDISCIPLINARY APPROACH IN PALLIATIVE CARE

Holistic palliative care is provided by a multidisciplinary
team, with the patient and family members being key team
members. The composition of the team varies, depend-
ing on the stage of program development or the specific
needs of the patient at a given time [14]. Multidisciplinary
approach implies elaborated team cooperation between
experts of different education profiles (doctors of different
subspecialties, nurses / pediatric nurses, dieticians, nutri-
tionists, clinical pharmacologists, psychologists, psycho-
therapists and psychiatrists, social workers, theologians,
i.e., specially trained spiritual counselors, educators, educa-
tor volunteers), who underwent training for palliative care
[31]. Trust, respect, honesty and support are considered to
be the characteristics of a good team.

Von Gunten defined the basic skills that all mem-
bers of a multidisciplinary palliative care team should pos-
sess, such as adequate symptom management, empathetic

‘ DOI: https://doi.org/10.2298/SARH220228111P

Prodovi¢T. et al.

communication with parents, and inter-professional coop-
eration [31]. Quality palliative care includes the following
[14, 32, 33]:
» good communication,
« psychosocial and spiritual support,
« good control of disease symptoms,
« knowledge of ethical principles and ability to make
decisions in accordance with those principles and ex-
isting circumstances.

PSYCHO-SOCIAL AND SPIRITUAL ASPECTS IN
PALLIATIVE CARE

Psycho-social help and support in the field of palliative
care refers to the effort to meet the psychological, social,
and spiritual needs of patients and their families [34].

The quality of psycho-social assistance provided de-
pends on the way in which assistance is provided and
created according to the individual and developmental
needs of each child or adolescent separately [2, 35], on
the personality traits of the support professional, and on
teamwork cooperation and atmosphere that exists within
the team dealing with palliative care [36, 37].

There is a growing trend that family members of seri-
ously ill people, especially in the advanced stages of the
disease, turn for help to institutions and providers of so-
cial protection services [5, 6]. Social work is focused on
personal and social changes that have occurred as a result
of the disease, and affect the patient, his family, social
network, and community. A social worker should help
establish stability in the family. Social work is often cited
as a profession that helps to guarantee the basic human
rights, such as the right to care with choice and preser-
vation of dignity, while respecting different cultures and
traditions and insisting on the availability of social life.
Social workers are often, among other things, the voice
of the poor and marginalized in society [14]. Therefore,
quality care of medical patients must be accompanied by
social work and the main emphasis is on the need for a
significantly larger number of qualified social workers in
health care institutions. As research shows, the existing
number of social workers does not meet even 10% of the
needs. Therefore, there must be an initiative to create a
master’s program of social work in health care institutions
or to include subjects that would provide the necessary
knowledge and skills to future social workers in this field
through the existing curricula. The goals of social protec-
tion are the following [14]:

1. achieving the minimum material security and inde-
pendence of the individual and the family in meeting
the needs of life,

2. ensuring the availability of services and the exercise
of rights under social protection,

3. creating equal opportunities for independent living
and encouraging social inclusion,

4. preserving and improving family relations, as well
as promoting family, gender, and intergenerational
solidarity,
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5. preventing abuse, neglect or exploitation, eliminating

their consequences.

These goals are achieved through the provision of so-
cial protection services and other activities that prevent,
reduce, or eliminate the dependence of individuals and
families on social services. This type of support also in-
cludes practical aspects of care such as finances, running
a household and helping with daily life.

Spiritual support in palliative care means respecting the
uniqueness of each individual and accepting their values
[38], beliefs, doubts, dilemmas, concerns, which is provid-
ed through the personal relationship and contact between
the spiritual counselor and the individual. Such support for
the patient facilitates acceptance and preparation for death,
assessment of life and completion of the life story, accep-
tance of one’s own illness and inevitable death, facilitates
parting, and brings a sense of calm [39]. Useful questions
that can help open various topics related to spirituality
are contained in the acronym BELIEF (belief, ethics and
values, lifestyle, involvement, education, future event [39].

According to research conducted in the USA, a connec-
tion has been proven between higher levels of spiritual-
ity and improved symptoms in depression and addiction,
heart disease, diabetes, immune system disorders, and cop-
ing with chronic diseases [40]. Based on the established
facts in numerous researches, spiritual support has become
an important part of quality palliative care.

In that context, the joint palliative care commissions
from various parts of the world and the World Health
Organization called for recognizing the patients’ needs of
spiritual nature, as well as educating medical and other
staff involved in recognizing the patients’ spiritual needs.
In their recommendations, they state that spiritual support
should be at the heart of the health composition.

VALUES AND ETHICAL PRINCIPLES OF PALLIATIVE
CARE

The ethical principles that guide and respect palliative care
in practice are as follows [41]:

o autonomy, i.e., the right and ability of a person to
make independent decisions;

« justice, i.e., fair use of available resources, moral and
social principles on which respect for justice is based
without discrimination or prejudice;

o benefit, i.e., doing good;

o primum non nocere, i.e., not to harm.

Solving dilemmas and making the right medical and
ethical decisions requires medical knowledge and skills,
as well as understanding and accepting basic moral val-
ues and ethical principles. As professionals, we are obliged
to ask ourselves whether our decisions are in accordance
with the patient’s will (autonomy) and in their best interest
(welfare), and whether we will in any way harm the patient
(primum non nocere) or society (justice) [41].

Considering that neither a successful cure nor recov-
ery is expected in the seriously ill, the following question
arises — what can palliative care offer? Control of pain and
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other physical symptoms are basic interventions because
it is important that the patient feels as comfortable as
possible, which means no pain, no unpleasant symptoms,
ability to sleep, to ingest fluids and food (depending on
the stage of the disease), with maintaining hygiene. Pain
as the dominant symptom in many conditions/diseases
requires continuous monitoring. The assessment of pain
and discomfort in patients has its own specifics, given
that the self-assessment of the suffering they experience
is often lacking. There are many and varied signs of the
patient’s suffering: painful grimacing observed on a fur-
rowed and/or bulging forehead, wrinkling of the nasolabial
fold, squeezing of the eyes, disturbance of physiological
parameters (increase in heart rate, decrease or increase
in respiration per minute, altered respiratory amplitude,
apnea crises, decrease in hemoglobin oxygen saturation,
increase in arterial tension, increased intracranial pres-
sure), altered body position and movement patterns in bed,
altered sleep dynamics. Also, biochemical markers that ap-
pear in response to painful experience, suffering and stress
can be measured: cortisol level, endorphin level, glycemic
value, and other parameters [31, 42]. These inadequately
manageable symptoms are called refractory symptoms and
differ from other difficult-to-treat symptoms in that, con-
trary to the advice of many experts, they cannot be treated
without compromising the patient’s consciousness [43].
Palliative/terminal sedation can be defined as the use of
sedatives (usually benzodiazepines) with or without com-
plementary opioids given intravenously or subcutaneously
to lower the level of consciousness deep enough to alleviate
unbearable and persistent symptoms in patients whose life
is coming to an end. These symptoms cannot be controlled
in any other way. Sedation in this case is not a side effect
of symptom control [41, 43].

The Ethical Working Group of the European Palliative
Care Association considers palliative sedation to control
symptoms justified if used temporarily [41, 44, 45], if the
patient is monitored regularly, and, when clinically indi-
cated, for assisted hydration and feeding [46].

Knowledge and understanding of ethical principles and
acting in accordance with them not only contributes to
improving the quality of life of patients and their families,
but also contributes to the satisfaction of professionals dur-
ing their hard work, stress prevention, and the prevention
of occupational burnout syndrome [41].

INSTEAD OF CONCLUSION

The mutual philosophy of palliative care is based on an
empathic approach, comprehensive consideration and as-
sessment of needs and conditions with the aim of alleviat-
ing suffering and providing multidisciplinary assistance to
people with life-threatening diseases, during all phases of
illness and treatment. Palliative care seeks to ensure the
quality of life of the patient until death, to preserve the
dignity of every human being.

It should not be forgotten that one of the main obsta-
cles to achieving quality palliative care is financial. Health
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systems in most countries face the problem of how to set
priorities given the limited budget allocated to health.
What gives hope is that in the future more and more in-
dividuals will receive good and quality care at the end of
life, given the accelerated growth in the aging population,
especially noticeable in Western countries. The very phi-
losophy of palliative care lies in the set of common values
that are recognized throughout European countries. One
of these values is the dignity of the patient, which in the
first place means that palliative care should be performed
in a decent, open, and sensitive way, and special attention
should be paid to personal, cultural, and religious values
of the individual.

No matter how palliative care takes place - within
health systems that have developed national palliative care
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ManunjaTusHo 36putbaBatbe — 601eCT, ymuparbe U CMpPT Kao 6MONOWKO-MEAULMHCKM

U COLLMjaNIHO-KYNTYPONOLWKU HEHOMEHU
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CAXETAK

YBop Y caBpemeHo rnobanHo Bpeme 0froBop Ha NuTakbe Kako
KBaNMUTETHO KUBETY Aaje MannjaTuBHO 36purbaBatbe. Pey je o
TaKBOj BPCTU Here Koja je nocBeheHa cTBapary OKOIHOCTY Y
KojuMa npoLiec ymrpara a 1 cama CMpT NOCTajy JOCTOjaHCTBEH
1 NPUXBaT/bUB TPeHyTakK. [lanujatTmBHn NpUCTyn je ytemerbeH
Ha emnaTmju, pasymeBakby, OUyBakby JOCTOjaHCTBA 6oNecHrKa,
OTBOPEHO]j IBOCMEPHOj KOMyHMKaLMj1, anin 1 6puU3n o Nopo-
avum 6onecHuka.

Linms OBaj pap obyxBaTa Tpy rnaBHa Lusba. Mpsu Lnsb ce ogHo-
CV Ha YNo3HaBarbe Halle CTPYYHe jaBHOCT/ Ca OCHOBHMM KOH-
uentma 1 Gunosodrjom nanmjaTMBHor 36puraBatba. pyru
Lwb noApa3yMeBa yKa3uBatbe Ha BaXKHOCT MyNTUANCLMIAN-
HapHe 1 cBeobyxsaTHe 6pure (dr3nuKe, NCUX0-coLmnjanHe n
JYXOBHE) y ManujaTMBHOM 36puHbaBatby YOrLiTe, 10K je Tpehu
Lmb 610 fa ce KPO3 NMpK3My PasnMUMTVX Mogena nanujaTuBHor
36puHbaBatba Kojyi MoCToje y 3eM/bama CBeTa, EBpone 1 pervoHa
KPUTUYKM OCBPHEMO Ha pas3ninynTe Npenpeke 1 oTnope Koju
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nocToje Y Halloj CpeuHN y BE31 Ca OpraH/30BatbeM nanmjatu-
BHOT 30punHbaBatba. 3a NPeTpaXmBatbe IUTEPATyPe KOPUCTUA
cmo cniepehe 6ase: Web of Science, PubMed, SCindeks, Google
Scholar, npema KibyyHum peunma: palliative care, neonatal
palliative care, nursing, nanujaTMBHo 36pUbaBakbe, 601, Hauno-
HaslHW Nporpam 3a nanujaTuBHo 36purbaBame. AHann3npaHe
nogaTke npvkasanu cMo kopuctehu aeckpunTBHU METOA,.
3aKsbyqak YKONVKO ce Ha MpaBo Ha NanujaTBHO 30prkbaBatbe
rnefa Kao Ha NocebHO JbyACKO NMPaBo, MOXe Ce 3aK/byunT Aa
Hallia 3eM/ba 3Ha4ajHoO 3a0CTaje 3a pa3BMjeHUM 3em/bama Mo TOM
nutarby. OTyAa je NpeoKynaLja ayTopa 'y OBOM pagy TEOpUjCKO
yTemerbere NanujatMBHOCTY, Ca NOCeOHNM AaBarbeM 3Hauaja
MYNTUANCLMIIMHAPHOM TMy. CBpXa OBOT paja je yKa3aTu Ha
NMoBe3aHOCT NanujaTuBHOT 36pubaBatba ca GeHOMEHOM KBa-
NATETa KMNBOTA, Ka0 HELLTO LUTO MMa M3y3eTaH 3Hayaj He caMo
3a cBaKor nojeauHua Beh 3a LeoKynHO APYLUTBO.

KrbyuHe peun: nanvjatiBHO 36puitbaBatbe; KBANIUTET XKUBOT;
couwjanHa 3awTuTa; MynTUANCLANAVHAPHN TUM
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SUMMARY

It has been an entire century since the introduction of insulin into clinical practice, which, among other,
led to improvements of fertility and pregnancy outcomes of women suffering from gestational diabetes.
The prevalence of diabetes worldwide and in Serbia is high and tends to increase as a consequence of
modern lifestyle. Nevertheless, modern diagnostic and therapeutic approaches enable people with
diabetes to achieve and complete pregnancies without adverse outcomes. Gestational diabetes can
be considered as non-communicable disease and efforts should be made to determine its effects on
offspring. In the context of COVID-19 pandemic, diabetes mellitus was identified as an important risk

factor for severe forms of the disease.
Keywords: diabetes; history; discovery; insulin

INTRODUCTION

Just under 100 years ago, in 1923, Banting and
MacLeod received a Nobel Prize for the dis-
covery of insulin and just over 100 years ago,
Banting reported the discovery to the American
Society of Physiology [1]. This marked the end
of the so-called pre-insulin era in diabetes [1].
Although, the terminology of diabetes mellitus
is commonly believed to originate from ancient
Greece, it was in 1822 in Britain that it was rec-
ognized as a separate clinical entity [2]. The
word ‘diabetes’” did find its place in the ancient
Greek medical literature in the second century
AD, and famous Avicenna gave the description
of the increase in appetite and diabetic gan-
grene at the end of the first millennia AD, and
the Aretaeus was thought to be the one intro-
ducing the term ‘mellitus’ 1, 2].

The discovery of the pathophysiological
mechanisms in diabetes and insulin itself was a
long process, which included numerous anato-
mists, pathophysiologist, and biologists. The
reports on diabetes after the pancreatectomy in
dogs fueled the further discoveries on the topic
[2]. This work has paved the route for Banting
and Best and has enabled the discovery of such
an important and widely used treatment that
insulin is today [1, 2].

THE SLOW DECREASE IN MORTALITY
AFTER THE INTRODUCTION OF INSULIN

Before the discovery of insulin, the diagnosis
of diabetes, especially of type 1 diabetes, was
a death sentence for the patients, with only
vague ideas on the possibilities for treatment
and control. The study conducted in the 1960s
also showed significantly higher mortality rates
among patients with diabetes compared to the
general population, decades after the introduc-
tion of insulin [3]. Nonetheless, throughout the
decades after the introduction of insulin, the
mortality declined, but between 1945 and 1967
in which the above-mentioned study was pub-
lished, the decline in mortality was not observed
[3]. The improvement in treatment led to the
astonishing decline in mortality from 827 per
1000 before the insulin era to 1 per 1000 in the
1960s [4]. Significant factor that attributed to
the decline in mortality from diabetes was the
discovery and widespread use of antibiotics, so
the infections, as a cause of death among patients
with diabetes were reduced [4]. As diabetes be-
came chronic and more controlled illness, most
of deaths in the 1960s were associated with car-
diovascular and renal illnesses, whose propor-
tion in the total death among patients with dia-
betes increased from around 25% to more than
75%, mainly due to reduction in deaths from
acute causes, like ketoacidosis and infections [4].
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Newer data shows the further decline in diabetes mor-
tality, although its incidence is rising [4]. The introduc-
tion of the intensive insulin treatment has significantly
contributed to this, although the effect of socioeconomic
status, still cannot be ignored [4].

RECOGNITION OF DIABETES IN PREGNANCY

Even before the discovery of insulin, diabetes in pregnancy
was described and recognized as a risk factor for the late
pregnancy losses, macrosomia and different congenital
malformations [5], especially in the late 19th century,
including both gestational diabetes and pre-gestational
diabetes although their clinical distinction was not well
established.

Pre-gestational diabetes was in the pre-insulin era as-
sociated with typical symptoms of poor glycemic control:
primary or secondary amenorrhea, oligo or hypomenor-
rhea, hypoplasia of the genital tract, and functional ste-
rility. The fertility of these patients was about 2%, while
today it is equal to that of women without diabetes of the
same age [6].

Diabetes in pregnancy was described in the 19th cen-
tury as well, in a 22-year-old Berlin woman who developed
symptoms of diabetes during her fifth pregnancy, as she
had given birth to unusually large children in the previous
two pregnancies. The child was born alive, unusually large,
but died shortly after birth, while the mother gradually
recovered [7].

At the turn of the century, researchers had already be-
gun describing the diabetes in pregnancy in published
literature, and until 1908, there were total of 57 cases de-
scribed. Diabetes in pregnancy during the late 19th and
early 20th century was associated with high maternal and
high neonatal mortality, with the half of the mothers and
two thirds of newborns dying at childbirth [8].

THE FIRST STEPS IN TREATMENT OF DIABETES IN
PREGNANCY

As the discovery of insulin changed the lives of all patients
with diabetes, it changed lives of patients with diabetes in
pregnancy as well, and in the first decade of the introduc-
tion of insulin, the first report of total of 43 successful term
pregnancies among women with diabetes was published
in 1927 [9]. Nonetheless, in took decades to achieve the
adequate and timely diagnosis and introduction of treat-
ment among pregnant women with diabetes to achieve
the low mortality that we have today. Maternal mortal-
ity is very low nowadays, but in the 1940s, one out of 20
pregnant women with diabetes died during pregnancy
and/or childbirth, which decreased to 1-3% in the 1950s.
Neonatal mortality was even higher and was around 40%
in the 1940s and decreased to 5% in 1980s. Nowadays,
women with diabetes are considered conditionally healthy,
with normal fertility, with a slightly higher risk of morbid-
ity and mortality compared to healthy pregnant women,
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but we are still fighting to decrease the perinatal mortality
as it remains statistically significantly higher even in the
most optimal conditions [10].

DEVELOPMENT OF THE DIAGNOSTIC CRITERIA

The first set of gestational diabetes diagnosis criteria were
introduced in 1964, by O’Sullivan and Mahan, with the aim
of establishing the risk of diabetes after pregnancy, using
the 100g Oral Glucose Tolerance Test [5]. These criteria
included the establishment of cut-off for blood glucose
levels at the more than two standard deviations above the
population mean [5]. These criteria were later changed
and improved in 1980 and 1982, first by Metzger and then
by Carpenter and Coustan [5]. This was followed by the
International Workshop conferences on diabetes in preg-
nancy and, more recently, The Hyperglycemia and Adverse
Pregnancy Outcomes Study, that specifically aimed to shift
the established criteria for diagnosis of gestational diabetes
mellitus (GDM) from the risk of development of maternal
diabetes later in life to assessment of the level of hypergly-
cemia associated with the adverse pregnancy outcomes,
both maternal and neonatal [5].

This was in accordance with the knowledge established
even earlier when Karlsson and Kjelmer [11] showed the
association between the poor neonatal outcomes and the
hyperglycemia in pregnancy with the association between
the perinatal outcomes and increase in maternal glycemic
values. The pathophysiological basis of macrosomia was
also described at the time.

DIABETES IN PREGNANCY TODAY

Along with the increase in the prevalence of diabetes in
the general population worldwide, there is the increase in
the prevalence of diabetes in pregnancy and data shows
that one in every six pregnancies worldwide is affected by
maternal hyperglycemia [12]. Today, the research is fo-
cused on the most adequate approach to screening, diag-
nosing and treatment of diabetes in pregnancy, especially
lowering the future risks for both mother, and neonates,
through direct effects of hyperglycemia, but also through
its epigenetic effects.

The possibilities for diagnosis or prediction of mater-
nal diabetes earlier in pregnancy have been examined in-
cluding the commonly used biomarkers like hemoglobin,
hematocrit, fasting blood sugar, and red blood cell count
[13], but also newly developed methods, like the possibili-
ties for the use of artificial intelligence algorithms [14].
The possibilities for preventing the development of GDM
through introduction of Mediterranean diet and exercise
in early pregnancy along with the use of metformin and
even probiotics are also examined in order to minimize the
possible effects of all levels of maternal hyperglycemia on
neonatal outcomes [15].

In the context of current Coronavirus Disease 2019
(COVID-19) pandemic a many questions have been raised
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about its potential harm to the mother and fetus. Moreover,
some parallels between the increase in prevalence of non-
communicable disease after the 1918 Influenza pandemic
were made in the context of current COVID-19 pandemic
[16]. A large multinational study proved that insulin-de-
pendent GDM was associated with COVID-19, while dia-
betes and obesity were risk factors for COVID-19 diagnosis
in pregnancy [17] Another multicenter study investigated
whether GDM represents an independent risk factor for
adverse pregnancy outcomes in women with SARS-CoV-2
and confirmed same results [18]. These findings have shed
additional light on pathophysiology of COVID-19 in adult
population.
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CONCLUSION

The prevalence of diabetes is increasing worldwide and
in Serbia, as a consequence of poor diet, lack of exercise,
and chronic stress. Nevertheless, modern diagnostic and
therapeutic approaches enable people with diabetes to
achieve and complete pregnancies without adverse out-
comes. GDM can be considered as a non-communicable
disease and efforts should be made to determine its effects
on the offspring. In the context of COVID-19 pandemic,
diabetes mellitus was identified as an important risk factor
for severe forms of the disease.
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8YHnBep3uTeTCKa KNMHWKa 3a FMHEKONOr1jy 1 akyluepcTso ,,HapogHu ¢poHT’, beorpag, Cpbuja;

°*YHUBEP3NTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a kapganonorujy, beorpag, Cpbuja

CAMETAK

Mpowno je TauHo 100 roarHa of oTKpWha MHCYNMHA U eroBor
yBoOhea y CBaKOAHEBHY KIMHUYKY MPAKCY, LWTO je A0BeNo A0
nosehatba depTunnTeTa XXeHa ca Anjabetecom, v nobosbluatba
ncxona TpyaHoha KomnnnkoBaHuUx Anjabetecom. MpeBaneHuyja
avjabetecay ceety 'y Cpbuju je BUCOKa Ca TEHLEHLI]OM MO-
pacTa, WTO je mocneanLa caBpemMeHor HaunHa xmBoTa. Mnak,
3axBasbyjyhin caBpeMeHV M MPUCTYNMA Y AnjarHOCTULN U Te-

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):112-115

panuju, xeHe ca anjabeTecom Mory Aa octeape TpyaHohe 6e3
HexerbeHux ncxopa. lectaumjcku avjabeTec ce Moxe nocmatpa-
TV Kao XPOHNYHa He3apa3Ha 60/1eCT 1 NOTPEGHO je YNoXNUTH Ha-
nope fa ce ogpefe Herosy yTmuajyu Ha MOTOMCTBO. Y KOHTEKCTY
naHaemuje koeuga 19, anjabetec MenuTyc je NpenosHaT Kao
3HauajaH GaKTop Koju je noBe3aH ca TelKM popmama bonecTu.

KmbyuHe peun: aujabetec; uctopuja; otkpuhe; MHCynuH
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SUMMARY

Metabolic changes occur due to the effects of placental hormones such as human chorionic gonadotropin
and human placental lactogen in normal pregnancies. These effects enable the development of insulin
resistance among all pregnant women, significantly pronounced in the third trimester. In pregnancies
complicated by pre-gestational or gestational diabetes mellitus, these changes are more intensive as they
affect the fetoplacental unit. In pregnancies complicated by diabetes the increased number of placental
macrophages leads to the increased production of different cytokines which include leptin, tumor necro-
sis factor alpha, and interleukins. This review addresses placental vascular changes that lead to adverse
pregnancy outcomes, along with the effects of the maternal hyperglycemia and fetal hyperinsulinemia.
Keywords: pregnancy; pre-gestational diabetes; gestational diabetes; insulin resistance; placental struc-

tural abnormalities

INTRODUCTION

Physiological pregnancy is associated with nu-
merous physiological changes, among which
there are changes in metabolism, in biochemi-
cal parameters, immunological and hematolog-
ical systems [1]. Among the metabolic changes,
the insulin resistance is pronounced, resulting
in changes in the glucose utilization [1]. Insulin
secretion increases in healthy pregnant women
and, as the pregnancy progresses, its values are
gradually elevated before meals [2]. Insulin ef-
ticiency decreases by 50-70% in the third tri-
mester, which is evidence of increased insulin
resistance in healthy pregnant women. Insulin
resistance during pregnancy increases in par-
allel with the growth of the fetoplacental unit
and the level of placental hormones (human
placental lactogen, progesterone, cortisol, etc.).
This adaptation helps the utilization of carbo-
hydrates by the growing foetus and stimulates
the use of fats for energy for the healthy preg-
nant woman [1].

HORMONES AND INSULIN RESISTANCE
AND INSULIN SENSITIVITY

The hormones contributing to the increase in
insulin resistance during pregnancy are estro-
gen, progesterone, human placental lactogen
[1]. Some other factors, such as cortisol, tumor
necrosis factor alpha (TNF-a), and interleukins
can interfere with the insulin pathway and be
associated with insulin resistance during preg-
nancy [1]. However, these adaptations are ex-
hausted in pregnancies with diabetes and insu-
lin resistance in diabetes is associated with the
changes in the fetal and placental development.

It is worth noting that certain hormones
improve insulin sensitivity, including human
chorionic gonadotropin (HCG), produced by
the syncytiotrophoblast. Its effects are based
on slowing down the enzymatic breakdown of
insulin in the placenta or increasing periph-
eral sensitivity to insulin, both among healthy
pregnant women and women with diabetes, so
much so that the need for insulin is lowered in
the first trimester among women with preges-
tational diabetes [3, 4]. Higher HCG levels in
early pregnancy are associated with lower likeli-
hood for development of gestational diabetes
later in pregnancy [3].
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BLOOD GLUCOSE AND PLACENTA

Changes in the blood glucose levels in pregnancy with dia-
betes are associated with changes in the structure and func-
tion of the placenta. These changes include the increase
in surface area of the villi, thickening of the trophoblas-
tic basement membrane, and the changes in the collagen
structure of the basement membrane, with collagen IV
predominance [5]. In contrast, the basement membrane
of the endothelium cells is thinner in pregnancies with
diabetes [5].

Both metabolic and endocrine functions of the physi-
ological placenta are interrupted in the pregnancy with
diabetes as the increased number of placental macro-
phages leads to the increased production of different cy-
tokines, which include leptin, TNF-a, and interleukins
[5]. Additionally, the changes in the placental capillary
network, such as proliferation of the capillary network,
are also described [5].

Along with the increase in fetal weight, there is an in-
crease in the placental weight in the pregnancies with dia-
betes and the increase in the placental-to-fetal weight ratio,
meaning that the weight increase in more pronounced in
the placenta than in fetus [6]. The placental growth can be
associated with fetal insulinemia as well, as it was observed
among women with diabetes and good glycemic control
as well [7, 8].

The thickening of the trophoblast basement membrane
seems to have more significant effect on the diffusion of
antipyrine and L-glucose compared to the effect of the
thinning of the endothelial basement membrane and their
diffusion is decreased in pregnancies with diabetes [7-10].
This further leads to fetal hypoxia that stimulates the an-
giogenesis. Angiogenesis is stimulated by hypoxia through
the stimulation of the secretion of factors like fibroblast
growth factor type 2, vascular endothelial growth factor,
and placenta growth factor [7-10].

The diabetes in pregnancy is a well known factor asso-
ciated with a decreases in placental blood flow, including
both uteroplacental and cord blood flow. Different mecha-
nisms have been described to cause these changes; howev-
er, most described are changes in secretion of thromboxane
and prostacyclin, and the increase in their vasoconstrictor
activity. Acute atherosis of uteroplacental blood vessels
can lead to obstruction and thus to impaired blood flow
through the intervillous space, mainly due to the increase
in the parenchymal tissue of the villi and a reduction in
the volume of the intervillous space. Some other factors
can also contribute, such as the changes in the production
of nitric oxide [7, 8, 11].

GLUT 1 and GLUT 3 glucose transporters mediate the
glucose transport through the placenta, and they are in the
syncytiotrophoblast and endothelium. Among women with
diabetes, studies have found a decrease in the number of
GLUT 1 transporters, which is considered an evolutionary
adaptation with the aim of protecting the fetus from the
excessive maternal glucose. In vitro studies have shown
the reduction of the level of GLUT 1 ribonucleic acid in
placenta due to hyperglycemia, which could indicate that
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in pregnant women with diabetes there is reduced regula-
tion and control over the expression and activity of glucose
transporters (GLUT 1) [12]. These effects seem to be the
more permanent and persist despite the strict glycemic
regulation after the diagnosis of gestational diabetes has
been established [12].

This is why it is very important that in the modern
approach to monitoring pregnancy with diabetes, the
mother’s glycemia is regulated as accurately as possible and
control of the development of the fetus is established early
and continuously. Glycosylated hemoglobin values need
to be normalized before conception, as once the arrange-
ment and the quantity of glucose transporters is created,
no clinical monitoring or intervention methods available
can change it [13, 14].

Additionally, placenta in women with diabetes has the
increased glycogen levels, which is not associated with ei-
ther glucose nor insulin in the trophoblast, which indicates
that the synthesis of glycogen is being conducted in cells
other than trophoblast. The histochemical analyses showed
that glycogen is located predominantly around the feto-
placental blood vessels, especially in type 1 diabetes. Since
the endothelium is rich in glucose transporters, primarily
the high-affinity glucose transporter GLUT3, endothelial
cells have a molecular mechanism by which they withdraw
glucose from the fetal circulation and store it in the form
of glycogen. Regarding the return flow of glucose from
the fetal circulation to the placenta, it can be assumed that
the placenta could have a buffer function for excess glu-
cose, and thus the ability to protect the fetus from glucose
overload. This phenomenon is not fully understood, but it
may explain why sometimes in circumstances of moder-
ate maternal hyperglycemia the fetus is of normal weight,
while in others the fetus is macrosomic [15, 16].

In pregnancies with diabetes, the third-trimester fetal
hyperinsulinemia is common even among the eutrophic
fetuses, as it was shown that there is a significantly higher
difference in the blood glucose concentration between the
umbilical vein and umbilical artery, suggesting the signifi-
cant glucose utilization by the fetus [17]. Importantly, fetal
hyperinsulinemia is associated with the higher likelihood
for the intrauterine fetal death, due to impaired metabo-
lism and hypoxia and consequential hyperplasia of the
beta cells in the fetal pancreas. The beta cells hyperplasia
is associated with the well-described neonatal complica-
tion among infants of diabetic mothers — hypoglycemia.
However, it can also be associated with the metabolic
acidosis in the full-term neonates, and the risks of pro-
longation of pregnancy after the 38th week of gestation.
Although some authors suggest individual approach to
each patient with diabetes in pregnancy in terms of plan-
ning and timing of delivery, based on individual maternal
and fetal data [18, 19], the diabetes in pregnancy is still one
of the leading causes associated with the late pregnancy
loss and stillbirth [20].
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CONCLUSION

Placental hormones such as HCG and human placental
lactogen cause complex changes in the metabolism of
carbohydrates during normal pregnancies. Fetoplacental
unit is mostly affected by those changes in diabetic preg-
nancies. The mechanism behind them lays in placental
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CAMETAK

MeTabonunuke NpomeHe HacTajy ycner fenoBara nialeHT-
HUX XOPMOHa Kao LUTO Cy XyMaHW XOPVOHCKMN FrOHaf0TPOMNUH
1 XyMaH NAaLeHTHY TakToreH y Gr3nonoLwKmnm TpygHohama.
[lejcTBO 0BUX XOpMOHa omoryhaBa pa3Boj NHCYNIMHCKe pe-
3UCTEHLVje KOA CBUX TPYAHMLA, KOja je Haju3parkeHrja TOKOM
Tpeher TpumecTpa TpyAHohe. Y TpyaHohama KOMNAMKOBaHUM
nperecTaumjcKUM Win rectalmjcKuM ujabetecom MennTycom
OB€ NMPOMeHe Cy NHTEH3VBHUje 1 yTUUY Ha deTonnaLeHTapHy
jeavnHuuy. MNosehaH 6poj Makpodara y nnaueHTV AOBOAV 4O
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nosehaHe NpoayKLje UUTOKNHA KOjU YKIbyYyjy NenTuH, dak-
TOp HeKkpo3e Tymopa anda n nHtepneyknHn. OBaj npernegHu
pap ce 6aBu BaCKynapHUM NpoMeHaMa niaLeHTe Koje JoBoAe
A0 HeMoBOJbHMX UcxoAa TpyAHohe, Kao 1 yTuLajem Koju nMajy
XUnepravkemmja Majke 1 xunepuHcynuHemuja getyca y avja-
6eTtecy menuTycy.

KmbyuHe peun: TpygHoha; nperectaumjcki aujabetec Menutyc;

rectaumjckn fujabetec MENNTYC; MHCYNMHCKA Pe3NCTEHLU)a;
CTPYKTYpHE aGHOPMANIHOCTU MNaLieHTe
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The 1st Forum of the Academy of Medical
Sciences of the Serbian Medical Society

The Academy of Medical Sciences of the Serbian Medical Society (Academy) gathers our
most famous scientists and experts from various fields of medicine and dentistry. Dur-
ing the 46 years of its activity, the Academy has held over 850 scientific and educational
meetings, a large number of lecture cycles for the general population at the llija M. Kolarac
Endowment, it has published dozens of monographs and thus contributed to the promo-
tion of the scientific and professional work of distinguished members of the Academy, as
well as to the education of doctors and the popularization of science.

On March 24, 2023, the Academy will organize the 1st Forum of the Academy of Medical
Sciences of the Serbian Medical Society. It will be a scientific meeting where the research re-
sults of the members of the Academy and their coworkers will be presented and discussed
with the aim of promoting their scientific work and realizing their better cooperation in
subsequent studies. The topic of the st Forum of the Academy is “Prevention, Diagnosis,
Treatment and Control of Mass Infectious and Non-Infectious Diseases.” It has been our
opinion that such a broad topic would attract experts from various fields and thus illustrate
the wide-ranging field of scientific interest and work of the Academy members.

Twenty-four papers have been submitted for the 7st Forum of the Academy. The greatest
attention is paid to COVID-19. The results and experiences of the clinical presentation,
course, treatment, and outcome of the disease are presented, as well as the results of
experimental research and presentations of various post-COVID disorders. These results
and experiences are valuable guideposts for planning measures in future epidemics that
infectologists and epidemiologists have been warning us about.

In addition to COVID-19, lectures will also be delivered on some important infectious
diseases that are not given enough attention, and which can seriously threaten health
and life. These are, above all, tuberculosis and fungal diseases, which will be discussed
by our well-known experts.

The meeting dedicated to mass diseases could not but include lectures on malignant
diseases. Significant results of the study of modern drugs will be presented, as well as
research of insufficiently studied tumors that require additional education of doctors,
especially concerning the diagnosis of these diseases.

At the Forum, there will be an opportunity to find out the results of clinical and experi-
mental studies on cardiovascular diseases, such as pharmacogenetic studies and analyses
of the results of modern methods of cardiovascular diseases treatment.

Studies from the field of dentistry confirm that modern research requires a multidisci-
plinary and interdisciplinary approach, which has made it possible to achieve exceptional
progress in the treatment of oral and dental diseases.

In addition to the presentation from the aforementioned fields, results from ophthalmol-
ogy, anesthesiology, and otorhinolaryngology will also be presented. The wide range of
topics and the quality of submitted abstracts confirm that Academy members contribute
significantly to professional and scientific work and the continuous progress of all fields
of medicine.

We hope that at the st Forum of the Academy, doctors from different specialties, as well
as experts from other related fields, will gather and that a lively discussion will contribute
to the quality of the meeting. We wish to all the participants that the Forum fulfills the
expectations of us all - the organizers, the authors of the presented studies, and the audi-
ence - and that it will be an incentive for the Academy Forum to become a regular annual
scientific meeting of the Academy.

Prof. Ljubica Bukanovi¢, MD, PhD
President of the Academy of Medical Sciences of SMS
President of Scientific Board of the 1st Forum of AMS SMS
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Update on diagnostic criteria for fungal rhinosinusitis and new
methods for detection of fungi in sinuses
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Introduction The persistent fungal exposure and presence of chronic rhinosinusitis (CRS) area certain threat for the
development of fungal rhinosinusitis (FRS). The aim of this study was to consider the potential diagnostic criteria for FRS,
and to evaluate the newly formed methods for detection of fungi in upper parts of respiratory tract.

Methods The study is the combination of clinical experiment and a case-series of 218 patients with CRS. We designed
new methodological algorithms for detection of fungi in the sinuses: (i) induction of the sinonasal secretion (ISNS) with
lavage and aspiration of sinonasal secretions, (ii) processing of nasal polyps (NP) to single cell suspension and (iii) inter-
pretation of the findings of fungi.

Results The next prevalence has been found in the group of CRS patients: asthma 130/218 (59.6%), NP 101/218 (46.3%),
FRS 50/218 (22.9%), out of whom 24/218 (10.9%) are allergic-FRS (AFRS) and 26/218 (12%) are non-allergic FRS. The
results obtained with new methods were evaluated by comparison of 10 predictive criteria for FRS (FRS index) and the
mycological findings. The highest specificity and sensitivity are shown in ISNS_comb method (lavage+aspiration) with
nasal pre-treatment (89%; 96%), highest positive and negative predictive value (PPV/NPV) are shown for ISNS_comb
method (94%;93%) and ISNS_lavage method (93%;87%) with pre-treatment.

Conclusion The proposed sampling protocol facilitates extraction of fungi from muco-purulent secretion in patients with
FRS and improves fungal detection and isolation rate. Lavage with hypertonic-NaCl should be included in the everyday
hygiene routine in an effort to decrease fungal load and antigenic exposure.

Keywords: fungal rhinosinusitis; chronic rhinosinusitis; nasal polyps; fungi
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Clinical presentation, therapy and outcome of COVID-19 patients
treated in the temporary COVID hospital “Karaburma”
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Introduction/Objective The WHO declared the COVID-19 pandemic on March 11, 2020. The temporary COVID hospital
“Karaburma” started operating 19 days later and a total of 4083 COVID patients were treated there until February 22, 2022.
The aim of this study was to analyze the first 500 patients and compare the results obtained with the same parameters
in all patients treated in COVID hospital ,Karaburma”

Methods This study included 4083 COVID patients (65% men, 35% women) average age 59.5 years. Demographic data,
clinical picture, treatment and outcome of all patients were analyzed.

Results Out of the first 500 patients, 226 (45.2%) had bilateral pneumonia, 23 (4.6%) ARDS, of which 43 (8.6%) were
treated in the ICU, compared to 612 (15.0%) of 4083 included in the study. Comorbidities (heart disease, diabetes, etc.)
were registered in 235 (47%) of 500 patients. Out of the first 500 patients, 350 (65%) received antibiotics, 214 (42.8%)
hydroxychloroquine, 72 (14.4%) oxygen, 150 (30%) anticoagulant therapy, and 64 (12.8%) corticosteroids. Among them,
18 (3.6%) received non-invasive and 21(4.2%) mechanical ventilation. After the first pandemic wave, all patients received
anticoagulant therapy, and dexazone only patients who received oxygen. Out of 4083 patients, 144 (3.52%) received
Tocilizumab, and 86 (2.1%) Baricitinib. In the first pandemic wave, 32 (6.4%) of 500 patients died, while mortality in the
entire group was 363 (8.9%) patients, of which 262 (72.2%) were men.

Conclusion The severity and outcome of COVID-19 depend on the pandemic wave and the patient’s comorbidities. A
multidisciplinary approach plays a very important role.

Keywords: COVID-19; treatment; outcome
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Invasive fungal infections — analysis of non-neutropenic patients
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Introduction/Objective Invasive fungal infections (IFls) are a significant cause of morbidity and mortality in patients
in intensive care units (ICUs) and after solid organ or hematopoietic stem-cell transplantation (HSCT). Diagnosis of IFls
before death is successfully established in only 12% of patients. The number of patients with invasive aspergillosis (IA) is
increasing, especially in ICU, and it is the leading cause of death among IFls. The aim of this report is to present the clinical
characteristics, therapy applied and comorbid conditions in non-neutropenic patients with IA.

Methods A total of 57 non-neutropenic patients with IA, of average age 56 years (26 women, 31 men) were treated in
the clinic in the period from 2008 to 2022. The diagnosis of IA was established on the basis of radiological procedures,
biological material, serology tests and histopathological findings.

Results Pulmonary IA was found in 46 (80.7%), rhino-orbital cerebral IA in 4 (7.0%), |A of the paranasal sinuses in 5 (8.7%)
and |A of the skin in 2 (3.51%) patients. In these patients various comorbidities were found (tumors, bronchiectasis, IgA
immunodeficiency, corticosteroid therapy, diabetes mellitus and others). Treatment was carried out with itraconazole,
voriconazole or echinocandins, and 31 (54.4%) patients underwent surgical procedures. By the beginning of 2023, 18
(31.58%) patients had died.
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Conclusion Diagnosis and therapy of IA in non-neutropenic patients must be accompanied by malignancy and/or
immunodeficiency tests. It is possible to increase the survival rates of these patients with regular clinical, microbiological
and morphological monitoring.

Keywords: invasive aspergillosis; diagnosis; treatment; risk factors
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Introduction/Objective Viral infections are a significant cause of morbidity and mortality in patients with allogeneic
hematopoietic stem cell transplants (allo-HSCT).Underlying disease, conditioning regimens, source of stem cells, and
immunosuppressive therapy after allo-HSCT favor different infections in the post- transplant period. The aim of this work
is to present the frequency and type of viral infections in patients with allo-HSCT at the Military Medical Academy and
the modalities of treatment.

Methods The study included 355 patients (144 women, 211 men) of mean age 29 years, who underwent allo-HSCT at the
HSCT Center of the Hematology Clinic of the Military Medical Academy between 1995 and 2017. Allo-HSCT was performed
in 130 patients with acute myeloid leukemia, 102 with acute lymphoblastic leukemia, 22 with multiple myeloma and 101
patients with other malignant hemopathies. The type of donor, source of hematopoietic stem cells, type of conditioning
regimen and GvHD prophylaxis were analyzed.

Results Reactivation of VZV infection was registered in 21 (6.0%) patients, hemorrhagic cystitis associated with BK polyoma
virus (BKPyV) in the early phase in 21 (6.0%), in the late phase in 15 (4.2%), influenza in 2 (0.5%) patients, CMV reactivation
in 63 (17.3%), reactivation of HBV infection in 6 (1.69%) and HCV infection in 2 (0.56%) patients. Antiviral drugs were used
for prophylaxis, pre-emptive and targeted therapy.

Conclusion Viral infections are a significant cause of morbidity and mortality in patients after allo-HSCT. This requires
monitoring and the application of prophylactic, pre-emptive or direct therapy.

Keywords: viral infections; allo-HSCT
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Antioxidant and free radical species in the aqueous humor of
patients with age-related cataract
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Introduction/Objective Age-related cataract is a significant cause of visual impairment worldwide. Oxidative damage
and the effects of free radical species are considered important in the etiopathogenesis of cataracts. The aim of this study
was to evaluate antioxidative capacity and oxidative stress in the aqueous humor of patients with age-related cataracts
of different maturity.

Methods The clinical and biochemical investigation involved 55 patients with age-related cataract. According to cataract
maturity, the patients were classified into incipient (cortical C,18 pts, nuclear N, 20 pts) and mature (M17 pts) groups. The
antioxidant activity of aqueous humor was measured by the reduction power (RP) method and the activity of glutathione
peroxidase (Gpx) spectrophotometrically. Changes in the concentrations of hydroxyl and ascorbyl radicals were detected
by electron spin resonance spectroscopy.

Results Both RP and GPx activity were significantly (p < 0.001) reduced in group N compared to group C and in group M
compared to group N. Concentrations of hydroxyl (29.45 + 1.01% in group C, 38.12 + 1.29% in group N and 74.14 + 2.52%
in group M) and ascorbyl radicals (26.12 + 0.89% in group C, 41.15 £+ 1.39% in group N and 83.56 + 2.84% in group M)
increased significantly (p < 0.001) with progression of age-related cataract. Significant negative correlation (r =-0.759,
p < 0.001) was detected between the concentrations of hydroxyl radicals and GPx activity.

Conclusion Our data support the hypothesis that antioxidant capacity decreases with production of reactive hydroxyl
radicals that are involved in the aetiology of age-related cataract.

Keywords: cataract; antioxidant enzyme; hydroxyl radical; ascorbyl radical

Conflict of interest: None declared.

Experiences Acquired During the COVID-19 Pandemic for the
Future Organization of Work in Medical Education and Scientific
Research

Jovan Dimitrijevi¢'*, Jelena Simi¢?

'Academy of Medical Science of Serbian Medical Society, Belgrade, Serbia;
2 Union University, School of Low, Belgrade, Serbia

Introduction/Objective With the beginning of the pandemic and the announcement of the state of emergency, the
healthcare system faced two unfamiliar issues. One was the treatment of the infected people and the timely receipt of
protocols for assessment, triage, testing and therapy, and the other one was the protection of healthcare professionals.
The aim of this study is to present experiences acquired during the COVID-19 pandemic and emphasize the importance
of continuous medical education and multidisciplinary approach for work organization of healthcare professionals.
Methods The authors analyze the identified problem comprehensively, from a comparative law perspective, analyzing
the legislation of European states and national laws.

Results In the first part of the study, we analyze the inclusion of certain medications in the treatment of patients with
COVID-19in EU countries and Serbia, while in the second part we analyze whether the right to safe and healthy working
conditions was denied to healthcare professionals in Serbia during the pandemic. Since both of considered issues cause
serious disputes between doctors and lawyers, it was necessary to prepare special strategies and protocols for the triage
of the most vulnerable patients in case of a new pandemic, and to dedicate special attention to the organization of the
work of healthcare professionals. We have determined that the human rights of healthcare workers have been violated
and identified in which spheres of human rights violations have occurred in particular.

Conclusion Continuing medical education, respecting the rights of healthcare professionals and ensuring working
conditions are necessary elements for a successful fight against health-related crises.

Keywords: COVID-19; healthcare workers; treatment protocols; the right to safe and healthy work
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Intratemporal facial nerve paralysis: morphologic basis, clinical
and microsurgical implications
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Introduction/Objective Facial nerve palsies are a common and significant presentation, specifically to ear surgeons,
but also in general medical practice. They result from facial nerve dysfunction due to different etiologic factors (trauma,
infections, tumors). Inflammatory processes of the middle ear may involve the facial nerve at any point, especially where
exposed. The aim of this study is to present our experience with facial nerve paralysis of otitic origin from the anatomical,
histopathological and surgical aspects.

Methods Anatomical studies were performed on a large collection of temporal bones (2000) to evaluate variations of the
facial canal (course, dehiscence, protrusion). The histopathological analysis was done on temporal bones with chronic
otitis media to investigate a pathological process involving the facial canal and nerve with and without clinical facial
impairment. The clinical studies included 64 patients treated for facial paralysis due to chronic otitis media.

Results The most significant anatomical finding in the fallopian canal was the high incidence of dehiscence (defect >0.4
mm) in the tympanic segment close to the oval window (60%). In temporal bones with chronic otitis media, the affected
facial nerve showed degenerative changes (demyelinization, hypertrophy, proliferation of Schwann cells) and an area with
small dark globules resulting from cellular and myelin degeneration. The pathological process was commonly localized in
the destroyed tympanic part of the facial canal and the exposed nerve and correlated with clinical and surgical findings.
Conclusion Otitis media may be associated with degenerative changes in the facial nerve without clinical impairment
of its function, but may have the potential for development of facial paralysis.

Keywords: facial nerve paralysis; clinical implication
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Introduction/Objective Certain severe neurological illnesses associated with long COVID-19 include immune neuropathies
like Guillain-Barré syndrome (GBS) and exacerbation of pre-existing chronic inflammatory demyelinating polyneuropathy
(CIDP). The aim of this study was to determine the prevalence of pain in patients with acute inflammatory demyelinating
polyneuropathy (AIDP) and to analyze sociodemographic, clinical predictors for the occurrence of pain, clinical phenotype
and course of the pain.

Methods A total of 124 patients with recently diagnosed long COVID-19 infection presented at the Pain Clinic, UCC of
Vojvodina, Novi Sad. The research was conducted with the consent of the Ethics Committee of the Faculty of Medicine,
University of Novi Sad. Data were collected monthly for one year.

Results The patients had pain, bilateral lower extremity weakness, mute reflexes and sensory loss. Pain was present in 62
patients, 3 months after the onset of symptoms, but only five patients had neuropathic pain. More pronounced deficits,
age, female gender, the presence of protein in cerebrospinal fluid, occurrence of sensory symptoms and dysautonomia
were recorded as predictors for maintaining pain. When comparing types of pain, non-neuropathic pain was more frequent
but less intense and had fewer consequences on the mental health of the sufferer. Musculoskeletal pain persisted for up
to 2 years in as many as 1/3 of the patients.

Conclusion Neuropathic pain in AIDP was experienced by 3.72% of the total number of patients; 50% of all patients
mentioned pain as a symptom. After 3 months, neuropathic pain was recorded in less than 10% of the total number of
patients.

Keywords: COVID-19; inflammatory demyelinating polyneuropathy; acute; chronic
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Introduction/Objective Multimodal analgesia consists of nonsteroidal anti-inflammatory drug application 1 hour before
surgery, followed by nerve block, skin infiltration with a local anesthetic, use of opioids perioperatively, infusion of the
local anesthetic into the peritoneal cavity, and regular fluid and electrolyte therapy. This study was aimed at examining
gender differences in the perception of acute postoperative pain after laparoscopic surgery.

Methods This prospective, randomized study included 220 patients who underwent laparoscopic surgery between
January 2021 and January 2022 at the Clinic for abdominal, endocrine and transplantation surgery (UCC of Vojvodina,
Novi Sad). The local anesthestic levobupivacaine (0.25%) was administered in the region of the cholecyst, on the right
side of the diaphragm, intraperitoneally and in incisional wounds. The patients were included voluntarily in the study,
with written consent. The investigation had the consent of the Ethics Committee of the Faculty of Medicine, University
of Novi Sad and the Department of Surgery.

Results There were 70 male (31.8%) and 150 female (68.2%) patients in separate groups. A gender difference in pain
perception was noted early in the postoperative period and was statistically significant in the first hour (t = 1.9; p < 0.05)
and second hour (t = 2.05; p < 0.05) postoperatively. Female patients reported greater pain intensity compared to male
patients, and they required a higher dose of opioid analgesics postoperatively.

Conclusion Intraperitoneal application of the local anesthetic, 0.25% levobupivacaine, during laparoscopic cholecystec-
tomy significantly lowers the intensity and duration of acute postoperative pain. Female patients require a higher dose
of this anesthetic due to differences in hormonal status between males and females.

Keywords: laparoscopic cholecystectomy; multimodal analgesia; pain
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Introduction/Objective Recently, one of the most important complex issues in medicine is the deposition of protective
nanocoatings on the surface of medical implants using various plasma procedures. By combining cathodic arc evapora-
tion and magnetron sputtering, a hard TiNx nanocoating can be obtained. This functions by protecting the human body
from penetration by any released heavy metal ions present in the composition of different types of implants. In addition,
in order to improve the antimicrobial properties of medical implants, an antimicrobial nanocoating is usually applied to
their surface, those containing Cu and Ag ions.

Methods The methods used for characterization of these coatings include: X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), ellipsometry, inductively coupled plasma (ICP) and
a procedure for determination of the wetting angle together with antimicrobial tests.

Results TiNx thin films of thickness 29 to 176 nm, were obtained by a combination of cathodic arc deposition and DC
magnetron sputtering. The phase composition of the films was determined by a combination of XRD, XPS, FTIR, ellip-
sometry. Thickness and morphology of the coatings were determined using a combination of ellipsometry and SEM
methods. The wetting angles showed that a TiNx nanocoating covered with Cu is superhydrophobic, while that covered
with Ag is superhydrophilic. Therefore, rates of release of Cu and Ag ions differ greatly, which leads to differences in their
antimicrobial properties.
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Conclusion TiNx nanocoatings in combination with Cu or Ag nanocoatings possess very important barrier and antimicro-
bial properties, which are extremely relevant in the development of new medical implants in dentistry and orthopedics.
Keywords: cathodic arc evaporation; DC magnetron sputtering; nanocoatings; ellipsometry; XRD
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Introduction/Objective Pandemic coronavirus disease 2019 (COVID-19) caused much disruption in the functioning of
health care systems throughout the world. As a consequence, significant deterioration of health of the population was
observed. The aim of this study was

to determine if the COVID-19 pandemic affected management of cardiac arrest (CA) and the survival rate of patients with
out-of-hospital CA (OHCA) in this area.

Methods An observational before-and-after study was carried out to determine the effects of COVID-19 pandemic on the
survival of patients with OHCA, who were given cardiopulmonary resuscitation (CPR) by the emergency medical services
(EMS) teams. The study was conducted between 1 March 2018 and 1 March 2022, with two equal observation periods:
prior to the outbreak of the pandemic (Group I) and after it (Group II).

Results A total of 958 patients formed Group | (434 pts; 45.30%) and Group Il (524 pts; 54.64%) (p < 0.05). No significant
difference was found for age, sex, time of arrival of the EMS teams, initial rhythm and adrenaline administration between
them. However, patients in Group | were more often intubated (x>=8.737; df=3; p=0.033). Moreover, amiodarone (x?=6.508;
df=1; p=0.011) and saline solution (x>=5.510; df=1; p=0.019) were administered to relatively more patients in this group.
Return of spontaneous circulation (ROSC) and prehospital survival rates were significantly higher in Group | (18.4%) than
in Group Il (12.6%)(x*=5.685; df=1; p=0.017).

Conclusion The COVID-19 pandemic led to an increase of OHCA. ROSC and prehospital survival rates were higher in the
prepandemic period. The management of OHCA by EMS teams may have affected the results.

Keywords: coronavirus disease 2019; cardiopulmonary resuscitation; sudden cardiac arrest; survival
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Introduction Echinococcus multilocularis, causes multilocular or alveolar echinococcosis, which differs from infection
caused by Echinococcus granulosus in clinical presentation in humans. The most common definitive hosts for E. mul-
tilocularis are foxes and jackals, while domestic mammals like dogs and cats are rare. Humans are rare and accidental
intermediate hosts. Cystic echinococcosis in humans is endemic in Serbia, while more severe alveolar echinococcosis
has not yet been recorded.

Case Outline We present a case of a 67-year-old female from a small village in Sremska Mitrovica municipality. The offset of
symptoms began a few years ago. The main one was liver pain which progressed over time. Differential diagnoses included
benign liver tumors like haemangioma, cystic echinococcosis and abscess formed in the cystic echinococcal lesion. Left
lateral hepatectomy was performed, and S Il /Il liver segments were removed. Pathological examination clearly showed
multilocular echinococcosis with numerous small and empty vesicle spaces with chitin membrane without protoscolices,
surrounded by massive fibrosis and infiltrative type of growing into the liver parenchyma. Surgical margins were found
positive for echinococcal vesicles showing that echinococcal tissue was not completely removed. Thus albendazole
therapy was recommended. Epidemiological interview revealed that the patient lives in an endemic region of multilocular
echinococcosis, in a house with two hunting dogs, and back yard where contamination of soil with fox faeces is possible.
Conclusion This is the first recorded human case of multilocular echinococcosis in Serbia. Therefore, we must improve
prophylactic and diagnostic procedures and surgical techniques to cure this zoonotic disease.

Keywords: Echinococcus multilocularis; human case; Serbia; Srem region;, Macva region; Vojvodina Province

Conflict of interest: None declared.

Activity of essential oils against the most important endodontic
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Introduction/Objective In the resistance-growing era, the necessity to modulate oral biofilm with nature-based products
including essential oils (EOs) is recognized. The aim of this systematic review is to summarize the antibacterial activity of
numerous EOs against the main infected root canal pathogen - Enterococcus faecalis.

Methods Minimal inhibitory concentrations (MIC) of 56 EOs were determined in the microdilution assay. The data was
processed in Microsoft Excel and analyzed in IBM SPSS Statistics for Windows, Version 20.0 (IBM Corp., Armonk, NY, USA).
Results Among tested EOs, 20 achieved ultrahigh antibacterial effect (MIC < 0.5 mg/mL), nine achieved high effect (MIC >
0.5 mg/mL), nine achieved moderate effect (MIC = 1 mg/mL), while 18 had the weakest potential (MIC = 2 mg/mL). A high
abundance of oxygenated monoterpenes was observed in EOs with stronger antibacterial effects (80%, 66.7%, and 77.8%
of total content within EOs with ultrahigh, high, and moderate potential, respectively). EOs possessing weak potential had
a lower share of oxygenated monoterpenes (44.4%), but the share of monoterpene hydrocarbons (27.8%) was notable.
The most dominant constituents in the EO group with ultrahigh effect were 1.8-cineole (4/20), thymol (3/12), and geraniol
(2/20), while in the weakest effect oils the most abundant were a-pinene (3/18), 1.8-cineole (2/18), and B-pinene (2/18).
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Conclusion Although interactions among constituents should not be underestimated, EOs rich in oxygenate monoter-
penes and especially thymol (3/12) and geraniol (2/20) seem to have promising antibacterial potential. Furthers studies
are required to estimate to possibility of their implementation in dentistry.

Keywords: essential oils; Enterococcus faecalis; minimal inhibitory concentration; oral bacteria; oral biofilm
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Introduction/Objective Tuberculous meningitis (TM) is characterized by a course leading to the emergence of perma-
nent sequelae or death, especially in cases where specific therapy was not started early. The goal of this study was to
evaluate the clinical presentation, therapy and outcome of patients with TM treated at our Clinic over a 27-year period.
Methods This retrospective study included 31 patients with TM of average age 36.3+17.2 years. Diagnosis was made on
the basis of an appropriate clinical presentation, cytological and microbiological findings and the subsequent response
to anti-tuberculous therapy (ATT). Disease outcome was defined as recovery, recovery with sequelae and death.
Results The time from onset of TM to hospital admission was 15 (2-120) days. The number of lymphocytes in cerebrospinal
fluid (CSF) was predominant in 28 (90.3%) patients. The CSF and blood glucose ratio was lower than 0.5 in 28 (90.3%)
patients. M. tuberculosis was detected in CSF in 4 (12.9%) cases, while this microorganism was isolated in cultures from 12
(38.7%) patients. Continuous ATT was initiated in 29 (93.5%) patients with adverse effects registered in 22 (75.9%) cases.
Corticosteroids were given to 23 (74.2%) patients. Complete recovery was recorded in 18 (58.1%) patients. Another 9
(31.0%) patients recovered with permanent neurological squeal. A fatal outcome was noted in 4 (12.9%) cases, 2 (6.5%)
of which occurred before diagnosis of TM.

Conclusion Early diagnosis and correct therapy of TM can significantly reduce the high morbidity and mortality associated
with this illness.

Keywords: tuberculous meningitis; treatment; outcome
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Gender difference in inflammatory and coagulation factors in
hospitalized patients with COVID-19
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'University of Belgrade, Institute for Medical Research, Belgrade, Serbia;
2University Clinical Center of Serbia, Clinic for Infectious and Tropical Diseases, Belgrade, Serbia;
SAcademy of Medical Sciences of Serbian Medical Society, Beograd, Serbia

Introduction/Objective Male sex is associated with greater severity and mortality from coronavirus disease 2019 (CO-
VID-19), although infection is equally distributed between men and women. The study aimed at investigating sex differ-
ences in the hyperinflammatory immune response to SARS-CoV-2 infection and consequent thrombosis using the linked
cytokine profile and blood laboratory data.

Methods The observational cohort study involved 99 COVID-19 patients (69 males and 30 females), hospitalized between
March 2021 and April 2022. Their clinical/laboratory data were collected to examine sex differences in oxidative stress,
neutrophil extracellular traps (NETs) formation and plasma cytokines at hospital admission and up to 5 months of recovery.
Results Dihydrotestosterone (DHT) levels were transiently reduced, while sex hormone binding globulin levels de-
creased continuously in male post-COVID-19 patients after the rise at diagnosis. Pro-inflammatory interleukin-6 (IL-6) and
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interferon-gamma were generally increased at diagnosis, while IL-6 level fell in post-COVID-19 patients. Tumor necrosis
factor-alpha exhibited a 5-fold increase in females at diagnosis. The chemokines IL-8 and monocyte chemoattractant
protein-1 and the coagulation markers intercellular adhesion molecule-1 and E-selectin were consistently upregulated
in female COVID-19 and post-COVID-19 patients, in contrast to vascular cell adhesion molecule-1 and P-selectin. DHT
increased reactive oxygen species (ROS) in neutrophils of male patients, while estrogen decreased ROS in female patients.
NET markers, such as circulating DNA and myeloperoxidase, were significantly increased in the plasma of patients. Sex
hormone levels were positively correlated with coagulation markers.

Conclusion Markers of chemotaxis, endothelial dysfunction and inflammation are still detectable and partially sex de-
pendent in COVID-19 patients 5 months after hospital admission.

Keywords: COVID-19; sex hormones; neutrophil extracellular traps; oxidative stress; cytokines
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Advanced colorectal adenomas in healthy members of families
with Lynch syndrome
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Introduction/Objective Lynch syndrome (LS) is an autosomal dominant disorder characterized by early age of onset, the
development of cancers in different organs and microsatellite instability. According to Amsterdam criteria at least three
relatives may have colorectal or LS-associated cancer. Synchronous and metachronous tumors are common in LS. The
aim of our study was to analyze the colonoscopy findings in healthy members of families with LS knowing that colorectal
cancer arises from colorectal adenomas.

Methods Complete colonoscopies up to the cecum were performed in 68 healthy members of 16 families with LS. All
colorectal polyps were removed by snare polypectomy or mucosectomy. Advanced adenomas (AA) were defined by a
villous structure and/or high-grade dysplasia and/or a diameter of 10 mm or more.

Results In 33 (48.5%) healthy members, 42 adenomas (5-25mm) were detected in all colorectal segments. Thirty (71.4%)
adenomas were detected proximal to the splenic flexure. AA were found in 10 (14.7%) healthy members, 6 of them in the
cecum and ascending colon, 2 in the transverse and 2 in the descending colon. One healthy member had synchronous
AA in different segments of the colon.

Conclusion AA are common in healthy members of families with LS. Complete colonoscopy to the cecum is the diagnos-
tic method of choice. Polypectomy or mucosectomy of adenomas, particularly AA breaks the last link in the chain from
adenoma to colorectal carcinoma and thus prevents the development of colorectal carcinoma.

Keywords: Lynch syndrome; advanced adenoma; colonoscopy
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Women's oral health as a public health indicator (Case Study Serbia)
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'University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;
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Academy of Medical Sciences of Serbian Medical Society, Beograd, Serbia

Introduction/Objective Prevalence of oral diseases is over 90% and gender also plays an important role. Women show
better preventive behavior in oral health than men, but their dentition is often incomplete.

The aim of this study was to examine the state of women’s oral health in Vojvodina and the use of dental health care
(demographic, socio-economic determinants, dental anxiety) to assess the impact of oral health on women’s quality of life.
Methods The research was conducted as an epidemiological cross-sectional study. Questionnaires: on general and dental
health status, on the impact of oral health on quality of life (OHIP-14), for the assessment of dental anxiety (DAS), and the
Modified Oral Health Assessment Form for Adults of the World Health Organization, were used.

Results 1900 women aged 16 years and over were included. The results showed that the better dental and periodontal
status of women was negatively correlated with age (t=24,242; p=0,000) and positively correlated with education (x2test;
Xx2=70,919; p=0,000), material condition (x2 test; x2=67,716; p=0,000) and employment status (x2 test; x2=30,630;
p=0,000). The most important predictors of good oral health of women were a high level of education and financial status,
employment, the existence of partners and social support. The coverage of women with regular dental examinations
was less than 20%.

Conclusion This research confirmed the public health importance of women'’s oral health. Our results are useful for
future research and the creation of programs for prevention of oral diseases and improvement of oral health in women.
Keywords: oral health; women; public health
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Subacute thyroiditis (De Quervain) during the COVID-19 pandemic

Nebojsa Paunkovi¢*, Jane Paunkovi¢
Paunkovic¢ Polyclinic, Zajecar, Serbia

Introduction/Objective Dysfunction of the thyroid gland, usually transient, was observed in approximately 15% of
patients with mild to moderate symptoms of COVID-19 since the receptor for ACE2, used by SARS-CoV-2 virion for cell
entry, is highly expressed in thyroid tissue. Subacute thyroiditis (SAT) is an inflammatory disorder of the thyroid gland
associated with viral infection (direct viral toxicity or an inflammatory response to the virus): mumps, measles, rubella,
coxsackie, and adenoviruses. There is increasing evidence that SARS-CoV-2 can also be considered responsible for causing
subacute and atypical thyroiditis. The aim of the study was to analyze the effect of COVID-19 infection on appearance
and disease course of SAT.

Methods In the period 2006-2021, a total of 66 patients were treated for SAT at our clinic. During the COVID-19 pandemic
(years 2020 and 2021), seven new patients with SAT were presented. In year 2022 no new patients were registered at
our clinic. The diagnosis was made on the basis of the anamnesis (pain in the neck and thyroid gland), high erythrocyte
sedimentation rate and CRP, ultrasound, and occasionally thyroid aspiration cytology (epithelioid cell findings).
Results In four out of seven patients who previously had COVID-19, SAT had an atypical course: two patients had normal
ultrasound findings, one patient had anamnesis of a painful neck, while the palpation findings during the ultrasound
examination of the thyroid gland were normal, and one suffered a relapse of SAT after five years.

Conclusion SAT after SARS-CoV-2 infection has presented an atypical course in four out of seven patients treated at our
institution. More investigation is required in order to associate the atypical course of SAT with SARS-CoV-2 infection.
Keywords: COVID-19; thyroid gland; subacute thyroiditis;, SARS-CoV-2 infection
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Development of the TAVR program at the Institute for
Cardiovascular Diseases of Vojvodina

Milovan Petrovi¢

Institute of Cardiovascular Diseases of Vojvodina, Clinic of Cardiology, Sremska Kamenica, Serbia;
University of Novi Sad, Medical Faculty, Novi Sad, Serbia;
Academy of Medical Sciences of Serbian Medical Society, Beograd, Serbia

Introduction/Objective Aortic stenosis is the most common valvular heart disease in elderly patients. In patients with
high risk for surgical aortic valve replacement, TAVR (transcatheter aortic valve replacement) is method of choice. Since
its introduction in 2002, the number of TAVR has been growing exponentially. We present the results of the TAVR program
at the Institute for Cardiovascular Diseases of Vojvodina.

Methods During 2022, the procedure was performed in 23 patients with symptomatic severe aortic stenosis and high
risk for surgical aortic valve replacement. The decision to perform the TAVR procedure was made by the TAVI team.
Results Mean age of the patients was 75.6 years and 57% of patients were men. Medtronic Evolut R valve was implanted
in 16 patients (69.5%), the Abbott Portico valve in 7 patients (30.5%). Direct valve implantation was performed in 56.5%
of patients. Valve predilatation was performed in 43.5% of patients, while valve postdilatation in 17.4% of patients. In all
patients, the procedure was performed through a transfemoral access. Ultrasound-guided puncture was performed in
65.2% of patients, and in 34.8% of patients it was guided by angio-guidewire-ultrasound. Aortic regurgitation was not
registered in 52.6% of patients, and mild aortic regurgitation was registered in 47,4% of patients. The average peak to
peak gradient is 7 mmHg. The mean value of maxPg was 16.8 mmHg. In one patient, a pacemaker was implanted after
the procedure. Vascular complications were noted in 11.8% of patients.

Conclusion Results indicate a low percentage of complications with favorable outcome in patients treated with the TAVR
procedure.

Keywords: aortic stenosis; TAVI; transfemoral access
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Effects of metformin and its combinations with other
repurposed drugs on fibrosarcoma in hamsters
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Jovan K. Popovi¢**
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2University of Novi Sad, Faculty of Medicine, Department of Pharmacy, Novi Sad, Serbia;

3University of Novi Sad, Faculty of Medicine, Department of Histology and Embryology, Novi Sad, Serbia;
*Academy of Medical Sciences of Serbian Medical Society, Belgrade, Serbia

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

Methods The anticancer efficacy of metformin and its combinations with caffeine, itraconazole, nitroglycerin and meben-
dazole was tested on fibrosarcoma experimentally induced by BHK21/C13 cells in Syrian golden hamsters (6 animals per
group, randomly allocated to control and experimental groups, doses equivalent to usual human doses). After animal
sacrifice, tumors were excised and their size, biophysical characteristics, histology and immunohistochemistry were as-
sessed. Blood samples were collected for hematological and biochemical analyses and the main organs were toxicologically
analyzed. Statistical significance was determined by one-way ANOVA followed by the Student-Newman-Keuls post hoc test.
Results Only two-drug combinations of metformin with caffeine or itraconazole or nitroglycerin showed significant an-
titumor effects on hamster fibrosarcoma compared to control, regarding all tested tumor parameters (P < 0.05) without
toxicity.
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Conclusion Administration of metformin in combination with caffeine or itraconazole or nitroglycerin might be an ef-
fective and safe approach in novel nontoxic adjuvant anticancer treatment.

Keywords: metformin; caffeine; itraconazole; nitroglycerin; hamsters; fibrosarcoma
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Experimental evaluation of the effects of anticancer modulation
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Introduction/Objective The large diversity in molecular mechanisms of cancer regulation allows some marketed pleio-
tropic non-oncological non-toxic pharmaceuticals to be used in oncology, which may reduce the duration and cost of
research on novel anticancer treatment. At present, there are no published results in vivo on the anticancer effects of
certain combinations of non-oncological pleiotropic drugs (disulfiram, diclofenac, nitroglycerin, metformin, deoxycholic
acid, mebendazole) that influence MAPK/PI3K/AKT/mTOR/NF-kB signaling.

Methods The anticancer effects of the aforementioned repurposed drug combinations at 20-50% LD, (equivalent to
the usual human dose) were assessed by fibrosarcoma growth kinetics (measured daily in vivo with calipers) and tumor
apoptosis markers (COX4, cytochrome C) in hamsters, randomly allocated to control and experimental groups (6 animals
per group). The animals were sacrificed 15-18 days after BHK-21/C13 tumor inoculation. Tumors were excised, measured
and blood collected. Biophysical, pathohistological, toxicological, hematological, biochemical and statistical analyses
were performed.

Results Disulfiram with metformin, disulfiram with deoxycholic acid and deoxycholic acid with metformin were combina-
tions that showed significant antitumor effects on fibrosarcoma growth kinetics and tumor apoptosis markers in hamsters
(P < 0.05). All examined drugs in efficacious combinations could inhibit MAPK/PI3K/AKT/mTOR/NF-kB signaling. Addition
of the NF-kB stimulator, mebendazole, to effective two-drug combinations rescued cancer growth, indicating that these
pathways may be responsible for the antitumor action.

Conclusion The combinations of non-oncological drugs: disulfiram with metformin, disulfiram with deoxycholic acid
and deoxycholic acid with metformin have the potential to be used as effective non-toxic adjuvant anticancer therapy
in oncology.

Keywords: disulfiram; deoxycholic acid; metformin; hamsters; BHK-21/C13; fibrosarcoma; signal pathway
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Cardiovascular precision medicine - the role of pharmacogenetic
testing
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Introduction/Objective Dual antiplatelet therapy (DAPT) with aspirin plus a P2Y R inhibitor (clopidogrel or 3* gen-
eration drugs such as ticagrelor or prasugrel) is the standard of care after percutaneous coronary intervention (PCl) to
reduce the risk of major adverse cardiovascular events (MACEs). Clopidogrel is a prodrug that requires CYP2C19-catalyzed
metabolism to its active form. The gene for the enzyme CYP2C19 is highly polymorphic, so we may distinguish normal
metabolizers (NM), intermediate metabolizers (IM) and poor metabolizers (PM). The main objective of our study was to
identify IM and PM patients who should be treated with ticagrelor or prasugrel and NM patients, who should receive
clopidogrel after PCl for prevention of MACEs.

Methods Using the PCR method in DNA from whole blood of patients after PCI, we analyzed the genotype of 70 patients
of average age 66.89 years.

Results The results of our study are as follows: among female patients 71.43% were NM and 28.57% were PM; among
male patients 80% were NM, 17.14% were IM and 2.86% (one patient) PM.

Conclusion According to our results that are compatible with genotyping data from other studies on the European
population, we may conclude that more than 70% of our patients >65 years old are NM and may receive genotype-guided
long-term clopidogrel therapy for prevention of MACEs after PCI. This pharmacogenetic testing enables a precision ap-
proach in cardiovascular medicine, as for older patients clopidogrel shows a safer profile (lower rate of bleeding events)
in comparison with prasugrel and ticagrelor.

Keywords: dual antiplatelet therapy; pharmacogenetic testing; percutaneous coronary intervention; clopidogrel; preci-
sion medicine
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IIpe mogHOmema pyKonuca YpeSHUIITBY YaCOMM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa MpounuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3UNjaMa, jep
YKOIMKO pyKomuc He Oyfe yckinal)eH ¢ 0BUM 3aXTeBUMa,
Ypenuumrso he ooty M OXOMTH HeroBO IMy6Iu-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a yranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca — Cprcko me-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTU UM AeIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje paoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHU
u Behe IMTHPAaHOCTY IIpeNopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOJHUIN,
OPUTVHAHM PafIoBY, IPETXOIHA U KpaTKa CaolIITeHha,
puKasy 60NeCHUKa U CTydajeBa, BU/e0-YIaHIIN, CTIMKe
U3 KIMHIYKe MeIMIIMHE, IPETIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIINHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapfa y MeIVMILMHY, N3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPVMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrnHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUIO-UIaHIN, CTIVMKe U3 KIVMHIYKe MeIUIIHE,
Iper/iefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyOIIMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3UKy (y CK/IOITy CaMoT PyKo-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTI Ha 25
mim, BeMIIMHY CTpaHNUIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor I1acyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTutu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha ewupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuMo6omn),
kopuctutu pout Symbol. I[Togauu o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM OpojeBuma y
yIIacTuM 3arpafama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, ITI04eB Off HaC/IOBHE CTPaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBMMa, a IMe VI MeCTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OMHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIMYaH HA3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, Jja /M je pajj U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTadyjyl HACTIOB VM CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBama yTHUIaja jef-
HOT VTV BUIIe CPECTaBa VM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarmba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonycy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUY IIUCAHOT
IPYCTaHKa UCIUTBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIjoM 1 ofo6perbe HaJIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE 3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAMMa. EkcriepymMenTanHa ncTpaxupama
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIIeHa Ha XXIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTUUYKOT 0f60pa yCTaHo-
Be I Tpeba fla Cy Y carllaCHOCTH C IPaBHUM CTaHJapAyMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,IlonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje Cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpeysMe OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIMCA U/ EBerOBOj KPUTUYKO]j PEBUSU)U
OJf 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCHpambe, CaKyI/balbe IoflaTaKa MIN FeHePaTHo
HafITefame ICTPaXMBauKe IPyIle CaMI 110 ce61 He MOTy
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oIpaBfiaTy ayTopcTBO. CBY APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBefleHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MMCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpOBepy Ha IIarujapusam/ay-
rortarujapusam npeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce oKake IUtarujapusam/
ayrortarujapusam 6uhe onoujenn, a ayTopu CaHKLIMO-
HICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paga 6e3 ckpahennua;
IPEUIOT KPaTKOT HAac/lIoBa pajia, IIyHa IMeHa Vi ITpe3yiMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpPaHa OpojeBUMa; 3BaHMYAH
Ha3)B YCTaHOBA y KOjUMa ayTOPM pajie, MECTO M p>KaBy
(pemocnenoM Koju ofiroBapa MHAEKCHpPaHNM 6pojeBrMa
ayTopa); Ha JHY CTpaHWIIe HABECTU UMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3ay>KeHOT 3a KOPECTIOH/IEHIIIjY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO U KPaTKoO
CaoTIIITelbe, IPerIe] IMTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAVI[MHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOIHO M KPAaTKO CAOIIITe e CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Inmm paga, Metoze pana, Pe-
3y/nTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Mounbe 60NI0BaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUpPEKTHO [OBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma nma cnepehe genose: YBox (y IOCIENBOj pedeHUIIN
HaBecTy Imb), [IpuKkas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju nodnie 60m50-
BaHOM pednt. 3a ocTaje TUIIOBE PafjoBa ca)keTaK HeMa
OceOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
BJbajy pedy U3 HAC/IOBa, a KJbYUHe pedr 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 HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa VIMeHa 11 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCUpaHa OpojeBlMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo u fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefy — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha €HITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IuTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHIO-
ra (tabena, rpaduKoHa, CIIMKaA, 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 caomliTee 06aBe3Ho Tpebda ga uMajy cnepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, Juckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, ofiroBapajyhu nognacmosy, 3akbydax, JIn-
tepaTypa. [IppouMeHoBaHM ayTOp HpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnyTara (Kao ayTop MM KOayTop)
pafoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jemaH
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpukas ciydaja wam 6onecHKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecHrka, [luckycuja, JIuteparypa. He Tpeba kopucturu
yMeHa 60JIeCHIIKa, MHMIMjae, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [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 oxpebena y Toxy npunpeme pajga sa ny6-
NIMKOBambe.

CKPAREHMIE. Kopuctutu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jefUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [JHK, cuna, XVIB,
ATTI). 3a cBaky ckpaheHUIly IyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaH#apHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHnIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDemy y TEKCTY.

TEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3¥Ma JeluMaHe OpojeBe MUcaTy ca TayKoM (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 JenuMary.

JEOVUHWITE MEPA. Jly>xuny, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAuHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIo-
BuMa. Temmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOOLIKNX, KIMHNIKIX 1 6MIOXeMMUjCKUX
Mepera HaBOJWUTHU Y METPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

OBVIM PAJTOBA. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a 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 fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH 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 pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN 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
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty 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, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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Kallyje M WIAHIY MOTyY YBPCTUTH Y pedepeHLie, ayTopu
Cy OY>KHM a UX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT Tofu-
Ha. Huje 103BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTAPUCATH Pesy/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy alICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedpepeniie unanaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby pajia 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopmmcaHnM 3axTeBrMa 3a PYKOIIVCe KOjI ce Tpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KO je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeFHIMKA MEINIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce mpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukomM HaBobemwa nmureparype
BeoMa je BaYKHO IIPUAPKABaTHU Ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHUX 4acoMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caiip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIY ¥ OFOOPIIN CBU ayTOPY KOjI HC-
IyHaBajy Mepua ayTOpCTBa, 1 3) KOHTAKT MOJATKe CBUX
aytopay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTy ca UHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mwrycrpanuja 1 ob6jaBbuBame nHpopMamja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, IIPETIUTATA 1 HAKHAJIA 3A OB-
PATY YTAHKA. Jla 6u pan 6mo o6jaB/beH y aconucy
Cpiicku apxue 3a 1enoKyiHo 1eKapcitiéo, CBU ayTOpy KOju
cy nexapu wm cromatonosu u3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHaAy 3a o6pamy
unaHaka (Article Processing Charge) y ussnocy og, 3000 mu-
Hapa. AyTOpu ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
Ia ITaTe HaKHaAy 3a obpany wianaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiara y jefiHoOj KameHaap-
CKOj TofMHM 00yXBaTa M CBe Hape[He, eBeHTYaTHe YWIaHKe,
HoCyIaTe Ha pasMaTparbe y Toj rogyHu. CBI ayTOpy KoOju

IIaTe OBY HAKHAJ[Y MOTY, YKOIMKO TO JKeJle, la MpUMajy
MTaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja ga he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pafly YWIaHKa He OTHOCK
ce Ha CTyfleHTe OCHOBHMX CTY/¥ja VI Ha TIPETIUIATHMKE Ha
JacoIuc.

YcraHoBe (TIpaBHa TUIIa) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor amIa). Y3 pyko-
mc paga Tpeba [OCTaBUTU KOIMje YIIATHUIIA 32 WiaHa-
PUHY U IIPETIVIaTy / HaKHay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUACHLINjY O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opafy YWiaHKa
(y TaxBuM cry4ajeBuMa HOTPe6HO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IPUIO3K Y3
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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
on results published solely in the form of an abstract, it is
necessary to do so within the text of the article. The references
of articles accepted for publication should be designated as
in press with the enclosed proof of approval for publication.

The references are cited according to the Vancouver style
(Uniformed Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library of
Medicine and scientific publications databases. Examples
of citing publications (journal articles, books and other
monographs, electronic, unpublished and other published
material) can be found on the web site http://www.nlm.nih.
gov/bsd/uniform_requirements.html. In citation of references,
the defined standards should be strictly followed, because
it is one of the essential factors of indexing for classification
of scientific journals.

SUBMISSION LETTER. The manuscript must be ac-
companied by the Submission Letter, which is signed by
all authors and includes the following: 1) statement that
the paper has never been published and concurrently
submitted for publication to any other journal; 2) state-
ment that the manuscript has been read and approved by
all authors who have met the criteria of authorship; and 3)
contact information of all authors of the article (address,
email, telephone number, etc.). Blank Submission Letter
form can be downloaded from the journals web site (http://
srpskiarhiv.rs/global/pdf/Submissionletterform FINAL.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND SUBSCRIPTION RATES.
In order to publish their article in the Serbian Archives of
Medicine, all authors and co-authors, medical doctors and
doctors of dental medicine, must be members of the Serbian
Medical Society (according to the Article #6 of the Statute
of the SMYS) for the year in which the manuscript is being
submitted. All authors pay an “Article Processing Charge”
for the coverage of all editing and publishing expenses.
Domestic authors pay 3,000 RSD, and those from abroad
€35. The editing and publishing fee is required for substan-
tive editing, fact and reference validations, copy editing,
and publishing online and in print. An author who had
already paid the fee can have more articles submitted for
publishing consideration in the year the fee was paid. All

authors who pay this fee may;, if they desire so, receive the
printed version of the journal in the year when the fee is
paid. Please note that the payment of this charge does not
guarantee acceptance of the manuscript for publication and
does not influence the outcome of the review procedure,
in accordance with good publishing practice. The journal
accepts donations from sponsors to create a sum for pay-
ment reductions or waivers for authors unable to cover the
Article Processing Charge (a justification of the inability
to pay should be provided in such cases).

The requirement for paying the Article Processing Charge
does not apply to students or to journal subscribers. Insti-
tutions (legal entities) cannot by their subscription cover
this condition on behalf of the authors (natural persons).
Copies of deposit slips for membership and Article Pro-
cessing Charge should be enclosed with the manuscript.
Foreign authors are under no obligation to be members of
the Serbian Medical Society. All the relevant information
can be obtained via email address of the Editorial Office
(office@srpskiarhiv.rs) and on the journal’s web site (http://
srpskiarhiv.rs/en/subscription/).

SUBMISSION. Our online submission system will guide
you through the process of entering your article details
and uploading your files. All correspondence, including
notification of Editorial Office, requests for revision and
Editor’s decision will be sent by e-mail.

Please submit your manuscript and all enclosures via:
http://www.srpskiarhiv.rs.

NOTE. The papers not complying with these instructions
will not be reviewed and will be returned to the authors
for revision. Observing the instructions for preparation
of papers for the Serbian Archives of Medicine will shorten
the time of the entire process of publication and will have
a positive effect on the quality and timely release of the
journal’s issues.

For further information, please contact us via the follow-
ing address:

ADDRESS:
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