SRP ARH CELOK LEK

ISSN 0370-8179 (PRINT) COBISS.SR-ID 3378434
ISSN 2406-0895 (ONLINE) uDC 61(497.11)

CPICKM APXMB
3A LUEJTOKYTTHO JTEKAPCTBO

HACOTTNC CPTTICKOT JIEKAPCKOT OPYLWTBA

SERBIAN ARCHIVES

OF MEDICINE

JOURNAL OF THE SERBIAN MEDICAL SOCIETY

VOLUME 153 . JANUARY-FEBRUARY 2025 - ISSUE 1-2

www.srpskiarhiv.rs



CPIICKH APXIB

3A

DENOKYIHO JEKAPCTBO

H3ALE
CPIICKO JEKAPCKO APVIITBO

¥ BEOTPAAY.

YPEBVIE

CAAAWH CEKPETAP CPIL AEK. APYIITBA,

Ipod. Ap. BAAJAH BOPBEBHR.

KIDHTA IIPBA,

¥V BEOI'PAAY,

¥ APEABHOJ MTAMUARHIN

1874.

MpBa cTpaHa npeor 6poja Yaconuca Ha CPNCKOM je3nKy

ARCHIVUM SERBICUM

PRO .UNIVERSA SCIENTIA ET ARTE

MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy 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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All manuscripts under consideration in the Serbian Archives of Medicine
may not be offered or be under consideration for publication elsewhere. Articles
must not have been published elsewhere (in part or in full).

The submitted manuscripts are forwarded by the Editorial Board to reviewers
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argumentative explanation of their disagreement with the suggested reviewer’s
remarks. The final decision on acceptance of the article for publication is made
by the Editor-in-Chief.

The authors shall not be remunerated for the published articles, and they
are required to assign copyright of their papers to the publisher. Manuscripts
and enclosures shall not be returned to the authors. Reproduction or repeated
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Archives” requires the publisher’s approval.

The articles are printed in the English language with an abstract both in
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manuscript. Material in the publication represents the opinions of the authors
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EDITORIAL / YBOOAHUK

Serbian Archives of Medicine -

the 2024 highlights

At the beginning of each new year, people glance
at the memories left behind and then hopefully
look forward to creating new, even more inspir-
ing ones in the year ahead. And it is the same
for us at the Serbian Archives of Medicine, the
official journal of the Serbian Medical Society,
the oldest society of its kind in modern medical
Serbian history, founded in Belgrade (Serbia), on
April 22, 1872 (according to the Julian calendar),
i.e., May 4, 1872 (according to the Gregorian
calendar) [1, 2].

In its most recent history, more precisely over
the past six years that this Editorial Board was in
charge, and amidst endeavors to render our jour-
nal more en vogue and keep the pace with global
trends, including electronic submissions and
editorial office handling of manuscripts, while
at the same time encourage authors to embrace
these novelties, the COVID-19 pandemic hit
and did not spare a bit the medical and scientific
community. Irrelevant of the challenging three
years of pandemic and the following three in
modest conditions linked to limited financial
resources of the Serbian Medical Society that
burdened the technical section of the Editorial
office with additional chores, we are glad that we
managed to conclude the year 2024 according
to existing plans. We preserved its publishing
continuity established back in December 2018,
while the growing trend of submissions noted
in 2023 was maintained throughout 2024, but
now with a significant increase of foreign authors
and acceptance of foreign reviewers to review
papers pro bono.

Even in 2020, in spite of COVID-19 pandem-
ic, we have called the attention of the growing
global medical issue i.e., burnout, work-related
syndrome, which at that time reached an epi-
demic level, and therefore has been recognized
by the World Health Organization [3, 4]. Sadly,
this issue while taking its toll on all employed

h\

il

in the healthcare sector, has proportionately
grown in popularity research-wise [5], but we
have only recently started to see submissions
addressing it on a national scale.

Among other pressing issues, we have also
tried to emphasize the necessity of relevant
stakeholders’ and legislators’ engagement linked
to most vulnerable in our society such as women,
elderly and children as patients and women as
healthcare providers who face additional daily
challenges in a society that has been increas-
ingly normalizing all forms of violence, starting
from neglect in providing timely healthcare [6,
7]. We are grateful that in this effort to better
our society as a whole, we could count on the
support of the professors from Faculty of Law,
University of Belgrade and private Universities
as well who have participated both as authors
and reviewers.

Over the past year, due to the exponentially
growing number of submissions where ones from
abroad stopped being a surprise, the Editorial
Board has played an important part in supporting
the Editor-in-Chief who due to aforementioned
misfortunate events (the pandemic and ensuing
financial scarcity, or maybe even vice versa) has
taken upon herself numerous time-consuming
tasks bellow the pay grade of the position. So,
for the second year in a row, we have faced all
options of compensating the technical support
failures to be exhausted, despite our ongoing
efforts. Authors’ training to use the Serbian
Archives of Medicine submission system in all
stages of a submission have continued during
2024 which remains a time-consuming effort
for although CEON offers a guide available to
download online, a very small percentage of
Serbian authors use it or shows willingness to.
With a growing number of submissions, the
number of registered users has increased as well,
and since the process is not simple, it demands
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patience and tolerance in clarifying causes of encountered
issues and further advisements on resolving it. The situa-
tion was additionally aggravated by the fact that internet
providers encountered difficulties in their own area caused
by additional increase in the number of internet users - a
fact our authors are unaware of, which can cause additional
frustration of the painstaking process that is independent
of the Journal’s requirements. Besides, academic networks
have been targeted by hackers and malware, which further-
more aggravated occasional exchanges with the authors and
reviewers, as much as the mere power shortages that can
cause similar problems. Fortunately, our reviewers have fully
embraced the electronic submission and review process.

The importance of use of iThenticate aiming to dimin-
ish plagiarism has helped discourage authors to use copy/
paste during editing, although the program itself has its
inherent logical drawbacks. Communicating the results
of this analysis prior addressing a submission to further
review, has been a delicate and complex process whether
in contact with the authors or the reviewers.

I would like to take this opportunity to extend our
heartfelt thanks to our partners — Sluzbeni Glasnik and their
Department in charge of our Journal’s publishing process, in
particular to Ms. Jasmina Zivkovi¢, and Bytesoft company
that has provided our website maintenance even when
frugality made us end our formal contract, they provided
us with an invaluable collaborator, Mr. Nemanja Andelov
who worked tirelessly all year round. Thanks to these two
amazing people who never cared whether it was a working
day or a weekend, our Journal hit both the stands and was
available online in expected deadlines. I am convinced that
the Serbian Medical Society and the Republic of Serbia shall
find the needed resources to improve our Journal’s logistic
support and make one more step forward - or shall I say
backward - and rejoin the PubMed search engine where
it was last listed back in 2017.

Finally, I would like to take this opportunity to thank all
members of the Editorial Board, the Publisher’s Advisory
Board and our reviewers (Table 1) for their selfless engage-
ment during the past year.

At the end of my six-year term, I owe a special debt of
gratitude to our two Editors gone too soon - Academicians
Milorad Mitkovi¢ (1950-2021) and Zoran Krivokapi¢
(1955-2022). Not only did they personally review papers in
record times, but they offered continuous support in advising
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in reviewers process beyond orthopedic and abdominal
surgery which were their respective subspecialty fields.

Our Editorial Board lived some festive moments as well
during 2024, and those were its members promotions: a
corresponding member of the Serbian Academy of Sciences
and Arts, professor Tatjana Simi¢, was promoted to the rank
of academician only a month after stepping in her new role
of the dean of the Faculty of Medicine of the University
of Belgrade in October 2024, as the third woman in our
faculty’s 104-year-long history and professor Gordana
Koci¢ joined the Serbian Academy of Sciences and Arts as
corresponding member. Both of our amazing and inspiring
colleagues to all women in medicine, always found time to
both review and guidance on adequate reviewers whenever
turned to for advice.

At the end of my term, allow me to express special thanks
to academician professor Radoje Colovi¢, a stellar President
of the Serbian Medical Society who not only entrusted me
with this challenging and inspiring role, but also gifted
me this honor each doctor and scientist in Serbia can be
bestowed with and that is to become the Editor-in-Chief
of the Serbian Archives of Medicine.

The Serbian Medical Society since December 2023 is
led by its new President, professor Milan A. Nedeljkovi¢,
upon whose proposal, on February 6, 2025, the Assembly
of the Serbian Medical Society, has decided to endorse the
Editorial Board with one more Editor-in-Chief, professor
Sini$a Stojkovi¢, full and active professor of the Faculty
of Medicine of the University of Belgrade whom I wish a
warm welcome aboard on this occasion while I hope this is
just a first step announcing more involvement of colleagues
from other medical schools nation-wide.
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Significance of T-Scan™ in recording occlusion
parameters in orthodontic patients
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SUMMARY

Introduction/Objective In orthodontics accurate records about occlusal aspects: contacts, forces, loads,
the total load force and bilateral force distribution are essential. The aim of this prospective clinical study
was to evaluate occlusal parameters in different malocclusions and normal occlusions using the T-Scan
Il Novus (Tekscan Inc., Boston, MA, USA).

Methods Group of 43 patients, was divided in three types of malocclusions (class I, II, Ill), normal oc-
clusion. A multi-bite scan was registered, using T-Scan Ill Novus (Tekscan Inc.). Data was analyzed with
T-Scan software v 10 (Tekscan Inc.). The total force on the first molars was analyzed, and average force
percentage compared. For bilateral load distribution, we analyzed total forces in the first; fourth versus
the second; third quadrant, for each malocclusion, average force was assessed and compared.

Results The first molar’s occlusal load showed that tooth #26 was favored to bear the highest load of all
first molars in class Il, [ll, and normal occlusion. In class | malocclusion all molars had similar forces. The
highest occlusion force mean on the right side was in class Ill, and at the left side in class II. The highest
discrepancy was in class Il, then class I, class I, and the lowest in the normal occlusion.

Conclusion Normal occlusion was the most equilibrated, with the best load distribution, lowest dis-
crepancy and highest force values, while in other classes there was a need for load equilibration and
similar force distribution throughout dental arches to minimize discrepancy between left and right side
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of the jaws.
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INTRODUCTION

The orthodontic therapeutic goal is to achieve
an ideal alignment between the teeth in the
dental arch and to allow even distribution of
the generated forces during the act of mastica-
tion [1]. For instance, any premature occlusal
contact can generate occlusal stress which leads
to alterations in the tooth-supporting tissues,
the masticatory muscles, and temporo-man-
dibular joint [1]. Occlusal articulation rela-
tions can be recorded using several occlusal
analyzers. Articulating paper being the most
used occlusal analyzer for determining contact
points between the maxillary and mandibular
arch. However, the paper can only record con-
tact points and is unable to accurately quantify
their intensity and/or determine the magnitude
of the generated occlusal forces [1].

Clinicians use occlusal contact detection to
identify the height of restorations, equilibrate
occlusion [2], and to perform post-orthodontic
adjustments [3, 4, 5]. However, these static in-
dicators only mark the surface area of dental
contact, and do not have the ability to assess the
degree of occlusal force within the contact or
quantify it is time variance. These methods are

>«

based on clinician’s “subjective interpretation”

combined with the patient’s feeling and verbal
feedback [6]. The correlation between the size
of occlusal marking and the actual relative oc-
clusal force contained within the marking is
only 21%, if the largest paper mark on a tooth
represents the most forceful contact, may result
in wrong contact adjustment [7]. There is not
enough scientific evidence that shows articulat-
ing paper can reproduce occlusal force, to jus-
tify its continued use as a diagnostic aid [8, 9].

Maness invented the T-Scan system for
computer occlusal analysis in 1987 which al-
lows real-time measurements of occlusal forces
to be captured with intraoral sensor. The tool
was upgraded over the years, with software
and hardware modifications until current ver-
sion of the system, known as T-Scan III Novus
(Tekscan Inc., Boston, MA, USA). Graphical
interface is supported by the T-Scan software
v 10 (Tekscan Inc.) [8]. The program utilizes
the data and displays it in full color 3D or 2D
images. The resultant occlusal contacts are vi-
sualized as contours or cellular pictures on den-
tal arch in 2D graphics. Moreover, the left and
right sides can be displayed in distinct color
codes (green on the left, red on the right), with
the respective occlusal forces given underneath
[9-12]. The dentition can also be divided into
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as

Figure 1. 3D occlusal load interpretation

two halves: anterior and posterior, dividing it in four study
segments [13, 14] (Figures 1 and 2).

The aim of this prospective clinical study was to evalu-
ate occlusal parameters in different malocclusions and nor-
mal occlusions using the T-Scan IIT Novus (Tekscan Inc.).

METHODS

This prospective clinical study was performed at Ras Al
Khaimah college of dental sciences, Dubai, United Arab
Emirates. The study was approved by the ethics committee
of the School of Dental Medicine, University of Belgrade
(No. 36/24)598 and it meets the criteria for medical re-
search involving human subjects according to the ethical
principles described in the Declaration of Helsinki. Study
included 43 patients, with different types of malocclusions
and normal occlusion, divided into four groups. Age range
was 18-60 years old. All the subjects were given written
consent.

Inclusion criteria: class I malocclusion (normal molar
relationship, with crowding, misalignment of the teeth,
rotations, cross-bites, and other alignment irregularities),
class IT malocclusion, class III malocclusion, normal oc-
clusion. Exclusion criteria: patients with TM] disorders,
patients with severe malocclusion who require surgical
treatment. Participants were assessed, a multi-bite scan
was registered, using the T-Scan III Novus (Tekscan Inc.)
for each patient to record the occlusal parameters.

Two variables were assessed:

1. NET discrepancies of forces generated at maximum
intercuspation position between the left and the right side
of the mouth.

2. the total average occlusal force of the first molars
withstanding at maximum intercuspation position.

The patients were seated on the dental chair with the
lower and upper half of the body positioned at an angle of
90°. Data acquisition using the T-Scan III Novus device
(Tekscan Inc.) consisted of registering occlusal contacts
with a sensor film, data transfer though a module called
the ‘handpiece’ which is linked to a computer, with data
processing software, to visualize the parameters on the
computer screen (Figure 3).

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):10-16

Figure 3. T-Scan lll Novus (Tekscan Inc.) handle and sensor film for
load registration

Figure 4. T-Scan intraoral load registration

The recording sensor was inserted intraorally between
the dental arches so that the central mark is positioned
between the central incisors of a patient. Recording started
with pressing the button on the handlebar; the patient was
instructed to occlude firmly to complete intercuspation. A
multi-bite scan was recorded for each subject consisting
of three bites consequently, to minimize the possibility of
an error. Values of the three readings were assessed for
each patient. Nevertheless, the maximum intercuspation
position — the B point interval, was also taken into con-
sideration in this study (Figure 4).

Scan records were analyzed using the T-Scan III Novus
software v 10 (Tekscan Inc.). The total force on the first
molars was analyzed on each scan. For these selected teeth,
an average force percentage was calculated and compared.
For bilateral load distribution assessment, we analyzed the
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total forces in the first and fourth quadrant versus the sec-
ond and third quadrant, for every patient and each maloc-
clusion. Data was analyzed and average force for the right
side (first : fourth quadrants) vs. left side (second : third
quadrants) was assessed.

Data was processed using the IBM SPSS Statistics for
Windows, Version 21.0 (IBM Corp., Armonk, NY, USA)
software. Both descriptive and inferential statistics were
used to describe the sample, identify differences in mean
values between each tooth. The exact (and approximate)
95% confidence intervals, statistics test values, and p-val-
ues were reported. The p-value (p < 0.05) was defined as
statistically significant.

Descriptive statistics was used to summarize the mean
and standard deviation of each molar variables. One-way
analysis of variance (ANOVA) was used to determine
whether there are any significant differences in occlusion
force means between groups. Post hoc was used to figure
out which groups in the sample differ and to compare ev-
ery mean with another.

RESULTS
Patient assessment:

At clinical assessment, the subjects were sorted out accord-
ing to Angle’s classification of malocclusion. In total, 14
subjects were diagnosed with class I malocclusion, eight
subjects were diagnosed with class I malocclusion, nine
subjects were diagnosed with class III malocclusion, and fi-
nally 12 subjects had no malocclusion (normal occlusion).

T-Scan Il Novus data assessment:

The results in Table 1 display the mean values of occlusal
force for each molar independently. The results showed
that the highest occlusal force in the normal occlusion was
noted in tooth (T) 26 of (B1, B2, B3), (B - point interval
of maximal intercuspation), the mean of B1 was (14.8),
B2 (14), and B3 (14.6). On the other hand, the readings
of class I malocclusion were approximately close to one
another, which ranged 9.4-12.5. Similarly in class IT mal-
occlusion, the values of T26 were the highest. B1, B2,
and B3 had readings of mean values (11.6, 10, and 9.7)
respectively. Finally, in regards of class III malocclusion,
the readings of occlusion force of T26 and T36 were ap-
proximately the same, but they were higher compared to
T16 and T46 (Table 1).

Table 2. Descriptive statistics of malocclusion as a group

Hatab N. et al.

As the first molars are Angle’s keys of the occlusion,
they were of particular interest for this assessment. For
purpose of this study, the analysis was narrowed to spe-
cific teeth: 16 — upper right first molar, 46 - lower right
first molar, as opposed to each other they form an occlusal
unit. As well as 26 — upper left first molar, 36 — lower left
first molar on the opposite side of dental arch. Table 2.
shows that the lowest occlusion force was noted in class II
malocclusion between teeth 16 (5.7444 + 5.98567) and 46
(3.0519 £ 4.18051). On the other hand, the highest occlu-
sion force was noted in the normal occlusion between teeth

Table 1. Descriptive statistics for each molar by classification

Normal occlusion

T-16 T-26 T-36 T-46
B1 12.06 14.8 10.8 10.3
B2 10.68 14 1.7 8.9
B3 14.13 14.6 8.79 11.2
Class | malocclusion

T-16 T-26 T-36 T-46
B1 9.869 12.523 11 11
B2 10.692 11.783 10 10
B3 11.220 10.090 10 9.4
Class Il malocclusion

T-16 T-26 T-36 T-46
B1 4.81 11.6 8.5 3.37
B2 5.06 10 6.8 4.82
B3 8.53 9.7 8.5 2.23
Class Ill malocclusion

T-16 T-26 T-36 T-46
B1 9.712 12.51 12.17 7.21
B2 10.1 11.50 11.54 7.53
B3 7.875 10.87 11.55 6.28

T - tooth number; B - point interval maximal intercuspation

16 (13.5917 £ 10.50322) and 46 (14.4296 + 5.79900). In
regards of class I malocclusion, the occlusion force between
teeth 16 and 46 was slightly higher compared to teeth 26
and 36. In contrast, the occlusion force in class III maloc-
clusion of teeth 26 and 36 was higher than in 16 and 46.
In total the highest values were noted at normal occlusion.

One-way analysis of variance (ANOVA) is used to
determine differences in occlusion force mean values be-
tween groups. Table 3 shows the descriptive statistics of
occlusion force by ANOVA. The highest occlusion force
mean at the right side was reported in class III malocclu-
sion (53.3019 * 13.32165). While on the left side high-
est values were noted in class II (57.3854 + 12.29782).
The NET discrepancy indicates, that the highest value
was noted in class IT malocclusion, followed by class III

Parameters Class | malocclusion

Class Il malocclusion

Class lll malocclusion Normal

16 (B1+ B2 + B3) 10.1267 +7.01293

5.7444 + 598567

8.0815 +7.78995 13.5917 £ 10.50322

26 (B1+B2+B3) 9.8367 +£7.48175 9.0074 £7.91359 10.4852 + 1445189 13.2944 + 10.56608
36 (B1+B2+B3) 10.0333 +8.10563 6.7556 + 6.40297 10.5519 + 15.47594 9.5111+£7.91757
46 (B1 + B2 +B3) 9.9400 +6.07756 3.0519+£4.18051 7.5905 + 8.31459 14.4296 + 5.79900

B — point interval maximal intercuspation

‘ DOI: https://doi.org/10.2298/SARH241125013H
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Table 3. Descriptive statistics result by Analysis of Variance (ANOVA)

Standard | Standard 95% confidence interval for - . Significance
Parameters N Mean I - — mean Minimum | Maximum 4
Lower bound | Upper bound
Normal | 12 | 46.5423 | 9.74603 | 2.70306 40.6528 524318 27.60 61.63
Right Class | 14 | 44.7231 | 11.29099 | 3.01765 38.2039 51.2423 29.17 7117 p=0238
Class Il 8 42.6146 | 12.29782 | 4.34794 32.3333 52.8958 26.67 60.23
Class lll 9 53.3019 | 13.32165 | 4.44055 43.0619 63.5418 31.60 74.53
Normal | 12 534577 | 9.74603 | 2.70306 47.5682 59.3472 38.37 7240
Left Class | 14 | 55.2615 | 11.27031 | 3.01212 48.7543 61.7688 28.83 70.83 0=0238
Class Il 8 57.3854 | 12.29782 | 4.34794 47.1042 67.6667 39.77 73.33
Class Il 9 46.6981 | 13.32165 | 4.44055 36.4582 56.9381 2547 68.40
Normal | 12 | 15.1000 | 13.59180 | 3.76969 6.8866 233134 0.47 44.80
NET Class | 14 19.3766 | 14.97600 | 4.00250 10.7297 28.0234 247 42.33
Discrepancy |ClassIl | 8 | 24.7292 | 12.46588 | 4.40736 143074 35.1509 3.90 46.67 p=0344
Class Il 9 20.0556 | 17.50490 | 5.83497 6.6001 33.5110 1.00 49.07
N - number of patients; #one way ANOVA
Table 4. Multiple comparison (post-hoc Tukey) of dependent variable
Dependent variable Mean difference (I-J) | Standard error Significance 95% confidence interval
Lower bound Upper bound
Class | 1.81923 4.42333 1.000 -10.4593 14.0978
Normal | Class I 3.92772 5.16055 1.000 -10.3973 18.2527
Class Il -6.75954 4.97991 1.000 -20.5831 7.0640
Normal -1.81923 4.42333 1.000 -14.0978 10.4593
Class | Class Il 2.10849 5.08986 1.000 -12.0203 16.2373
Right Class llI -8.57877 4.90661 0.528 -22.1989 5.0413
Normal -3.92772 5.16055 1.000 -18.2527 10.3973
Class Il Class | -2.10849 5.08986 1.000 -16.2373 12.0203
Class llI -10.68727 5.58035 0.376 -26.1776 4.8030
Normal 6.75954 4.97991 1.000 -7.0640 20.5831
Classlll | Class| 8.57877 4.90661 0.528 -5.0413 22.1989
Class Il 10.68727 5.58035 0.376 -4.8030 26.1776
Class | -1.80385 4.42079 1.000 -14.0754 10.4677
Normal | Class |l -3.92772 5.15758 1.000 -18.2445 10.3890
Class I 6.75954 4.97705 1.000 -7.0561 20.5752
Normal 1.80385 4.42079 1.000 -10.4677 14.0754
Class | Class Il -2.12388 5.08693 1.000 -16.2445 11.9968
Left Class Il 8.56339 4.90379 0.531 -5.0489 22.1757
Normal 3.92772 5.15758 1.000 -10.3890 18.2445
Class I Class | 2.12388 5.08693 1.000 -11.9968 16.2445
Class IlI 10.68727 5.57714 0.375 -4.7941 26.1687
Normal -6.75954 4.97705 1.000 -20.5752 7.0561
Classlll | Class| -8.56339 4.90379 0.531 -22.1757 5.0489
Class I -10.68727 5.57714 0.375 -26.1687 4.7941
Class | -4.27656 5.67110 1.000 -20.0188 11.4657
Normal | Class I -9.62917 6.61628 0.920 -27.9951 8.7367
Class Il -4.95556 6.38468 1.000 -22.6786 12.7675
Normal 4.27656 5.67110 1.000 -11.4657 20.0188
Class | Class Il -5.35261 6.52564 1.000 -23.4669 12.7617
NET Discrepancy Class I -0.67900 6.29071 1.000 -18.1412 16.7832
Normal 9.62917 6.61628 0.920 -8.7367 27.9951
Class I Class | 5.35261 6.52564 1.000 -12.7617 23.4669
Class I 4.67361 7.15450 1.000 -15.1863 24.5335
Normal 4.95556 6.38468 1.000 -12.7675 22.6786
Classlll | Class| 0.67900 6.29071 1.000 -16.7832 18.1412
Class I -4.67361 7.15450 1.000 -24.5335 15.1863
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malocclusion, then class I malocclusion, and the lowest
discrepancy was found in the normal occlusion; (24.7292
+ 12.46588, 20.0556 + 17.50490, 19.3766 + 14.97600, and
15.1000 + 13.59180) respectively (Table 3). The results
showed that there was no statistically significant differ-
ence between the mean values of occlusion force between
the selected teeth (16, 26, 36, and 46) within groups. There
was no statistically significant difference within groups as
determined by one-way ANOVA in regards of right and
left side (p = 0.238), similarly, to the NET discrepancy
there was “no” statistically significant difference between
groups (p = 0.544) (Table 3).

Multiple comparisons show which groups differed from
each other. In Table 4 the results showed that there are no
significant differences between the groups as whole. The
Tukey post-hoc test was used for conducting post-hoc tests
on a one-way ANOVA. A Tukey post-hoc test showed that
there were no significant differences between the groups as
whole as the p-value ranged from 0.375 to 1.000.

The crosstabulation table showed that seven (25.9%) of
the participants had discrepancy compared to five (35.3%)
without discrepancy, with normal occlusion. While eight
(29.6%) participants had a discrepancy compared to six
(35.3%) in class I malocclusion. Moreover, seven (25.9%)
participants vs one (5.9%) participant in class II malocclu-
sion had discrepancy in occlusion force. In class III maloc-
clusion, five (18.5%) had a discrepancy compared to four
(23.5%) without discrepancy. In total, 27 participants had
a discrepancy compared to 16 participants without dis-
crepancy (Table 5) (Figure 5).

Bar Chart
- Grouping
W normal
[class|
ClcClass I
Mclass i
5
-
c
3
3 +
24
o
Yes No
DespcrepancyFound

Figure 5. Discrepancies of occlusion force of all situations as outcome
of

Table 5. Grouping cross-tabulation

Hatab N. et al.

DISCUSSION

An important part of dental assessment in orthodontics,
prosthetics, implantology, and other branches of dentistry
is information about occlusal contacts. Over the years this
information was obtained in many ways of which the most
used occlusal analyzer for determining contact points be-
tween the maxillary and mandibular arch was articulat-
ing paper. Chowdhary and Sonnahalli [1]. stated that this
manner of intermaxillary contact assessment resulted as
less accurate, since the only information are the dots and
shapes that cannot be quantified. Nevertheless, the novel
generation of intraoral digital occlusal contact identifier
T-Scan III Novus (Tekscan Inc.) is the most reliable system
for dental contact assessment. This system provides 2D
and 3D visualization of dental contacts and measures the
force between the teeth. In this study statistical analysis
was done with information obtained with T-Scan III Novus
(Tekscan Inc.) and measurement of occlusal force.

Other authors emphasized the role of the first molars in
balanced occlusion and Angle was the first who stated that
the key of the occlusion were the first molars, that is why
the first molar load distribution was of particular interest
for this study [2-5]. First of all, the individual load of the
first molars was assessed, tooth T26 in normal occlusion
showed the highest values of load barring (B1 14.8, B2 14.0,
B3 14.6). The T16 in the normal occlusion had similar but
somewhat lower values of load barring (B1 12.06, B2 10.68,
B3 14.13). Which indicates that the highest load was mea-
sured in region of upper first molars. In class I malocclusion
tooth T26 was also barring the highest load (B1 12.523, B2
11.783, B3 10.090), but the differences between the mea-
sured teeth (T16, T26, T36, T46) were not as high, ranging
from 9.4 to 12.523. This indicates similar load distribution
in each one of the first molars. Class II malocclusion also
showed the highest load on the tooth T26 - B1 11.6, B2
10, B3 9.7. While in class III malocclusion T26 and T36
had higher readings compared to the T16 and T46, which
indicates higher load force in the first molar region on the
left side of upper and lower dental arch (Table 1).

When the first molar occlusal units (16:46;26:36) were
assessed the data showed that the lowest force was in class
II malocclusion between teeth 16 and 46 (5.7444 + 5.98567
and 3.0519 + 4.18051) respectfully. Nevertheless, the high-
est force was noted in normal occlusion between teeth
16 and 46 (13.5917 + 10.50322 and 14.4296 + 5.79900)
respectfully. In class I malocclusion the occlusion force
between teeth 16 and 46 was slightly higher than between
26 and 36. In contrast, the occlusion force in class III mal-
occlusion between teeth 26 and 36 was higher than be-
tween 16 and 46. In total the highest values were noted at
normal occlusion (Table 2). This illustrates the
load distribution through contact surfaces in dif-
ferent classes, the load is changing depending on
number and size of contacts.

DOI: https://doi.org/10.2298/SARH241125013H

Groupin .y .
Parameters ST 3 (?Iass T Significance As Rubio-Ferrer et al. [3] stated slight lateral
asymmetries in occlusal contact area and mas-
Discrepancy | Yes | 7(538%) | 8(57.1%) | 7 (87.5%) | 5 (55.6%) ticatory muscle force are relatively frequent
found = . . ’
No | 5(46.2%) | 6(42.9%) | 1(12.5%) | 4(44.4%) | P=0416 because maximum bite force and occlusal con-
Total 12(100%) | 14 (100%) | 8 (100%) | 9 (100%) tact area are key to masticatory performance,
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mastication is more frequently dominant on one side
which usually offers the most efficiency. This was also
suggested in our study where one-way analysis of vari-
ance ANOVA was used to determine whether there are any
differences in occlusion force mean values between groups,
which showed that the highest occlusion load mean was
noted at the right side in class III malocclusion, while on
the left side the highest mean value was noted in class II.
NET discrepancy showed that the highest mean value was
in class II followed by class III than class I and normal oc-
clusion (24.7292 + 12.46588, 20.0556 + 17.50490, 19.3766
+ 14.97600, and 15.1000 + 13.59180) respectfully (Table
3). This data demonstrates that the normal occlusion with
lowest NET discrepancy mean, showed the most balanced
relationship between left and right side. Analysis of vari-
ance ANOVA showed that there were no statistical differ-
ences within groups between the mean values of occlusion
force of the teeth 16, 26, 36, and 46. This illustrates that
in every group there was similar load distribution in each
one of the first molars as shown in Table 3.

The results of comparison of groups to establish how
groups differed from each other showed that there were
no statistically significant differences between groups as
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whole, which indicates that groups did not differ in a sig-
nificant manner. Post-hoc Tukey test on one way ANOVA
showed that there were no statistically significant differ-
ences between groups as whole since the p value ranged
0.375-1.000 (Table 4).

CONCLUSION

Normal occlusion was the most equilibrated, with the best
load distribution, lowest discrepancy and highest force
values, while in other classes there was a need for load
equilibration and similar force distribution throughout
dental arches to minimize discrepancy between left and
right side of the jaws.
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3Hauaj T-CKeHa y perucTpoBarby OK/y3a/HUX NapameTapa Ko OPTOAOHTCKUX

nauujeHara

Hyp Xata6', Xyaa Maxmyg A6yTajem?, O6ajna Xycem Egun en [isupn', Ana Acag Pada’, Ounun VBarsau?

'QakynTeT feHTanHMX Hayka Pac en Xajme, Pac en Xajma, Yjeaurenn Apancku Emupatu;
YHusepauTet y ALmaHy, CTomatonowki Gakynter, LieHTap 3a MeanUnHCKa 1 6uonpuapyxeHa 34paBCTBEHA NCTPaXKMBatba, ALIMaH,

Yjeaurbenn Apancku Emupatu;
*YHuBep3uTeT y beorpapy, CromatonoLwuku pakyntet, beorpag, Cpbuja

CAXETAK

YBoa/Lumb Y opTofoHLmju je of BeIMKOT 3HaYaja TayHa eBu-
JeHLUMja 0 OKNy3aJIHUM acrneKTMMa: KOHTaKTMMa, Cuiama,
onTtepeherbunMa, yKynHoj cunu ontepeherba 1 bunatepanHoj
pacrnogenu cune.

Linsb oBe NpocneKkTUBHE KNMHUYKE CTyAuje 6una je npoLeHa
OKJy3asHKX MapameTapa Kof pasnnumTiix Manokiysuja n Hop-
MarnHe okny3uje Kopuwherem T-Scan Il Novus-a (Tekscan Inc.,
BoctoH, MA, CAD).

MeTtope pyna o 43 nauujeHTa nofesbeHa je y Tpy Tuna Maso-
kny3uje (knaca I, Il, lll) » HopmanHy okny3ujy. PeructpoBaHo je
CKeHupame BuLle 3arpukaja kopuwherbem T-Scan [l Novus-a
(Tekscan Inc.). Mopauw cy aHanuvpaHu codteepom T-Scan v 10.
AHanu3upana je yKynHa cuna Ha npB1M Monapvma v ynopeheH
je npoceyHn npoueHat cune. 3a GrunatepanHy pacrogeny onre-
pehera aHany3npany CMo yKyrHe cune y NpBoM 1 YeTBPTOM

Hacnpam apyror v Tpeher KBafipaHTa, a 3a CBaKy MasloKJly3ujy
npouereHa je 1 ynopeheHa npoceyHa cuna.

Pesyntatn OknysanHo ontepehetbe NpBYX MONapa nokasasno
je ma je 3y6 #26 nogHeo Hajsehe onTepehere of CBUX NMPBUX
Mmonapa y knacama I, Ill v HopmanHoj okny3uju. Y knacu | mano-
KNy3uje CBM MOnapw Cy nmanu cinyHe cune. Hajseha cpeptba
Cna OKy3uje Ha fiecHoj cTpaHu 6una je y knacu lll, a Ha neBoj
ctpann y knacw |l. Hajsehe oactynarbe 6uno jey knacm Il, na 'y
knacw lll v knacw |, a Hajmarbe y HopMasiHOj OKNYy3uju.
3aksbyuak HopmanHa okny3uja je 61na HajypaBHOTEXEHN]a, Ca
Hajbosbom pacnogenom ontepehetba, HajHVXKUM OACTYNaHEM 11
Hajsehm BpegHOCTVIMA cine, 10K je y APYTVIM Kflacama NnocTo-
jana notpeba 3a ypaBHoTexetbem onTepehetba 1 cpasmepHOM
pacrnopenom cune Kpo3 3y6He JlyKoBe Kako 61 ce MUHUMI3Kpa-
N0 Hecnarame n3mehy nese 1 aecHe CTpaHe BAIULIA.

KmbyuHe peun: T-ckeH; Manoksysuja; okny3anHo ontepeherbe
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SUMMARY

Introduction/Objective Implant placement in the posterior maxilla may be often hard to achieve be-
cause of insufficient bone volume and the presence of a highly pneumatized maxillary sinus. In these
situations, sinus floor augmentation frequently has been proposed as the treatment possibility, con-
ventionally performed utilizing xenograft materials. This research aims to study whether fragmented
fat tissue from the Bichat's fat pad mixed with bovine-derived bone yields better results than the use
of bovine-derived bone alone in maxillary sinus augmentation. The secondary aim was to evaluate the
influence of low-level light therapy on bone regeneration in patients treated with fragmented fat tissue
mixed with bovine-derived bone.

Methods Six patients were included in the study; 12 maxillary sinus augmentation procedures were
performed, and patients were randomly assigned into three groups. Six months after surgery a cone-
beam computed tomography bone density analysis was performed, and resonance frequency analysis
(RFA) was performed on 12 placed implants.

Results Bone density results yielded notable differences in Hounsfield units, with experimental groups
(499.94 + 88.43) resembling natural bone more when compared with the control group (674.57 + 217.12).
RFA data shows that the results exhibit a degree of comparability or moderately better stability in the
experimental groups (56.88 + 6.03) compared to the control group (53 £ 20.12).

Conclusions The given Hounsfield units and RFA analysis serve as clear indicators of the substantial po-
tential of fragmented fat tissue and xenograft mixture in maxillary sinus augmentation, by its complete
integration and provision of significant stability to the inserted implants. Xenograft mixed with Bichat's
fat pad tissue may represent an important novel entity in the field of bone regeneration.

Keywords: novel graft; bone regeneration; fat tissue; low-level light therapy

INTRODUCTION

Implant placement in the posterior maxilla
may often be hard to achieve because of in-
sufficient bone volume and the presence of a
highly pneumatized maxillary sinus. In these
situations, sinus floor augmentation frequently
has been proposed as a treatment possibility.
Grafting the floor of the maxillary sinus has
emerged as the most common surgical modal-
ity for correcting this inadequacy. This tech-
nique, first published in 1980 by Boyne [1], and
subsequently modified by other clinicians, can
result in an increase in bone height that allows
the placement of implants of conventional
length in the grafted sites. Crestal sinus lift in-
volves accessing the maxillary sinus through
the alveolar crest, typically via the implant
osteotomy site, to elevate the Schneiderian

membrane and place a bone graft material.
This technique is suitable for cases with minor
to moderate bone deficiency. Lateral sinus lift is
a surgical procedure designed to increase bone
height in the posterior maxilla when there is
significant bone loss. This technique involves
creating a lateral access window in the max-
illary sinus wall to elevate the Schneiderian
membrane and place a bone graft material. As
surgical treatment was modified, with time and
concomitant improved insight into technology
and regenerative medicine, grafting materials
were also modified. Various surgical techniques
and biomaterials have been developed to make
possible the successful placement of dental im-
plants in resorbed alveolar bone, and multiple
bone grafting techniques including natural and
synthetic graft materials have been tested for
this purpose. The process of osteogenesis has
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in the study. The study sample com-
prised patients who were presented
at the School of Dental Medicine,
University of Belgrade, for implant re-
habilitation and were diagnosed with
partial edentulism with atrophy of
the posterior maxilla. Unilateral and
bilateral atrophy cases were included.
The inclusion criteria were the pres-
ence of a periodontally healthy frontal
maxillary segment due to utilization

Figure 1. A small fragment of Bichat'’s fat pad
is harvested through the existing flap with no
additional morbidity

tion approach

been described as the direct transfer of vital cells to the
area that will regenerate new bone. Osteoconduction em-
braces the principle of providing space and a substratum
for the cellular and biochemical events progressing to bone
formation. The space maintenance requirement for many
of the intraoral bone augmentation procedures allows the
correct cells to populate the zone of focus. Osteoinduction
embodies the principle of converting pluripotential, mes-
enchymal-derived cells along an osteoblast pathway with
the subsequent formation of bone. With this in mind, it is
imperative to design and employ a graft with a significant
and optimal regenerative potential.

Fat tissue characterization and subsequent utilization
in tissue reconstruction have been found in contempo-
rary literature. Adipose tissue contains a multipotent cell
population with similar properties, although not identical,
to those of marrow-derived mesenchymal stem cells [2].
Adipose-derived stem cells are shown to be pluripotent
in-vitro as well as in-vivo [3], and utilization of whole fat
tissue is also shown to produce bone in critical size bone
defects [4].

This research aims to study whether fragmented fat tis-
sue from the Bichat’s fat pad mixed with bovine-derived
bone yields better results than the use of bovine-derived
bone alone in maxillary sinus augmentation. Additionally,
a secondary objective was to examine the effect of low-level
light therapy (LLLT) to investigate its potential enhance-
ment of bone regeneration.

METHODS

Before commencement, this study received approval from
the Ethical Committee of the School of Dental Medicine,
University of Belgrade (Approval No. 36/11). The research
adhered to the principles outlined in the Declaration
of Helsinki. The investigation was conducted at the
Department of Maxillofacial Surgery and the Department
of Periodontology and Oral Medicine, School of Dental
Medicine, University of Belgrade. Patient inclusion, surgical
procedures, data collection, and analysis were carried out
during a two-year period (June 28, 2022 - June 28, 2024).

All patients were informed about the study/surgical pro-
tocol and provided their informed consent for participation

‘ DOI: https://doi.org/10.2298/SARH240912003K

Figure 2. Lateral maxillary sinus augmenta-

of a computer-guided system, and a
residual bone height of 1-4 mm in the
posterior maxilla. Six patients (one fe-
male and five males) were included in
this study. A total of 12 maxillary sinus augmentations were
performed and 12 implants were inserted.

Exclusion criteria were the following: acute or chronic
sinusitis, active sinus or nasal infections, sinus membrane
perforation during surgery, history of surgery in the sino-
nasal region, history of radiation therapy in the head or
neck region, systemic diseases such as uncontrolled dia-
betes or autoimmune diseases, pregnancy or lactation and
history of significant bone metabolic disorders.

Cone beam computed tomography (CBCT) scans were
performed before surgery, and patients were randomly as-
signed into three groups:

Group 1 (control): maxillary sinus augmentation (n = 4)
using bovine-derived bone (Bio-Oss, Geistlich Pharma AG,
Wolhusen, Switzerland);

Group 2 (Xenograft + fat tissue): maxillary sinus aug-
mentation (n = 4) using fragmented fat tissue mixed with
bovine-derived bone (Bio-Oss, Geistlich Pharma AG) in
a 50:50 ratio;

Group 3 (Xenograft + fat tissue + LLLT): maxillary sinus
augmentation (n = 4) using fragmented fat tissue mixed
with bovine-derived bone (Bio-Oss, Geistlich Pharma AG)
in a 50:50 ratio, treated with 635 nm pulsing LLLT (Repuls
7, Repuls Lichtmedizintechnik GmbH, Wien, Austria).

In all three groups, after maxillary sinus augmentation,
the lateral bone window is covered with a collagen mem-
brane (Bio-Gide, Geistlich Pharma AG).

Preparation of graft:

Xenograft-Bichat’s fat pad mixture (Xenofat graft) was
prepared utilizing fat tissue harvested from the Bichat’s
fat pad (Figure 1). This adipose tissue was obtained con-
comitantly with the flap used for the lateral sinus lift proce-
dure (Figure 2), thereby minimizing additional morbidity.
Fragments of fat tissue were meticulously excised from
Bichat’s fat pad and subsequently washed with a physi-
ological solution. Following this, the fat tissue was frag-
mented into smaller particles (Figure 3) and mixed in a
50:50 ratio with bovine-derived bone graft material. The
prepared mixture (Figure 4) was carefully placed within
the maxillary sinus, positioned between the Schneiderian
membrane and the floor of the sinus cavity, as part of the
sinus augmentation procedure.

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):17-23
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Figure 3. Fragmented tissue of the Bichat’s
fat pad

Surgical procedure
First stage

Antibiotic prophylaxis (1 g of amoxicillin with clavulanic
acid or 600 mg clindamycin in cases of penicillin hyper-
sensitivity) was prescribed to each patient, starting one
hour before the surgery. Dexamethasone (0.004 g) was
administered subcutaneously before surgery. The surgi-
cal procedures are performed in the conditions of local
anesthesia (Septanest, Septodont, Saint-Maur-des-Fossés,
France). All three groups underwent the sinus augmen-
tation procedure using a lateral bone window approach
(Figure 2). Surgical procedures in the first group include
a conventional maxillary sinus augmentation procedure
with the use of bovine-derived bone, while in the second
and third groups, Xenograft + Bichat’s fat pad tissue was
utilized for sinus augmentation. The wounds were sutured
with interrupted resorbable sutures. Patients from the third
group are additionally treated with 635 nm LLLT (Repuls
Lichtmedizintechnik GmbH) in five sessions starting from
the third postoperative day.

Figure 5. Fully computer-guided implant
protocol

Figure 4. Mixture of Bichat's fat pad tissue
and xenogenic bone in a 50:50 ratio

Second stage

Six months after maxillary sinus augmentation, CBCT
scans were obtained and patients were scheduled for im-
plant placement (Bone Level Tapered®, Institute Straumann
AG, Basel, Switzerland). The CBCT scans were utilized to
meticulously assess the available bone volume and qual-
ity in the posterior maxillary segment, as well as to plan
the optimal implant position related to future prosthetic
work (Figure 6 and 7). A computer-guided system was
employed to navigate the implants into the ideal positions.
Customized surgical guides were fabricated and guided im-
plant placement was performed in the posterior maxillary
segment (Figure 5). Resonance frequency analysis (RFA) of
the placed implant was performed with the use of Penguin
RFA device (Integration Diagnostics Ltd., Gothenburg,
Sweden).

CBCT bone density analysis:

Six months after maxillary sinus augmentation, CBCT
scans were performed for dual objectives. Firstly, they
were conducted to facilitate the precise planning of com-
puter-guided implants (Figure 6). Secondly, the scans were
utilized to analyze the bone density within the surgical
site. The evaluation of bone density was conducted utiliz-
ing Planmeca Romexis analysis software (Planmeca Oy,
Helsinki, Finland). Within this software, a cubical region
of interest measuring 7 X 7 x 7 mm was delineated, re-
sulting in a volume of 343 mm®. Cubical markings were

b)

Vol 0,343 cm®

w 7.00 h7.00d7.00
Avy 556.12

StdDev 347.02

R [-1000,1528]

mBOA5 10)15

Figure 6. a) Panoramic radiograph image with planned implants in previously augmented

Figure 7. Hounsfield units analysis

maxillary sinuses; b) bucco-palatal ideal position of the implant in the previously augmented

maxillary sinus
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Table 1. Differences in Hounsfield units across groups
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treatment, which is why continuous and

persistent efforts are invested in inves-

-value p-value

Parameters HU p-va RFA

(vs. xenograft) ® (vs.xenograft) * | tigating different graft materials, driven
Xenograft 674.57£217.12 53042012 by the imperative to achieve biomimetic
Xenograft + Fat 459.68 + 86.54 0.141 60.75 £ 6.45 0.491 bone COIl’lpOSitiOIl. Body—derived addi-
Xenograft + Fat + LLLT | 540.19 + 80.22 0.313 53.0+1.83 1.000 tives to graft materials, such as vari-
p-value* 0.239 0.207 ous forms of growth factors, including
Xenograft 674.57 £217.12 2%2;—" platelet-rich plasma, platelet-rich fibrin,
Xenograft+ Fat/ 196,94 + 8543 5688 + an.d plaéma rllch in growth factors; or
Xenograft + Fat + LLLT I = 00 6.03 mineralized tissues such as autologous
p-value ® 0.207 0.729 bone and tooth-derived bone graft are

HU - Hounsfields units; RFA - resonance frequency analysis;
LLLT - low-level light therapy;

2ANOVA;
bt test

positioned in bone regions where guided implant place-
ment was subsequently planned. The bone density within
this region of interest was automatically quantified and ex-
pressed in Hounsfield units (HU), a standardized measure
of radiodensity commonly used in radiographic imaging

analysis (Figure 7).

Statistical analysis

The sample size was calculated based on the formula for
determining the size of independent samples. Results are
presented as mean + standard deviation. Groups were
compared using t-test (two samples) or ANOVA (three
samples). Correction for unequal variances was applied
where appropriate. All p-values less than 0.05 were con-
sidered significant. All data were analyzed using IBM
SPSS Statistics for Windows, Version 29.0.2.0 (IBM Corp.,

Armonk, NY, USA).

RESULTS

Notable differences in HU across groups are present
(Table 1). Specifically, the control group exhibited sig-
nificantly higher HU (674.57 + 217.12) compared to the
experimental groups (499.94 + 88.43), which demon-
strated Hounsfield unit values that were closer to those
observed in natural native bone. Examination of RFA data
shows that the results exhibit a degree of comparability
or moderately better stability in the experimental groups
(56.88 + 6.03) compared to the control group (53 + 20.12).

DISCUSSION

Bone regeneration of the posterior maxilla remains a
significant entity in implant-prosthetic rehabilitation
due to the high prevalence of bone atrophy in this area.
Placement of endosseous implants in patients with highly
pneumatized maxillary sinus often requires a two-stage
approach, the first stage being maxillary sinus augmenta-
tion, conventionally performed utilizing xenograft materi-
als. Implementing effective bone regeneration strategies is
crucial for ensuring the success and longevity of implant

‘ DOI: https://doi.org/10.2298/SARH240912003K

frequently implemented in regenerative
procedures [5, 6, 7].
Stem cell research is also, among oth-
er fields, focused on the need for bone
regeneration in cranial, maxillofacial and oral surgery, es-
pecially because of the enormous social and psychologi-
cal impact of bone defects in these regions. Stem cells are
shown to be capable of differentiation under appropriate
in vitro conditions to mesoderm-type cells, e.g. osteoblasts,
adipocytes and chondrocytes [8]. This was also shown in
clinical settings [9]. In clinical conditions, the accessibility
of suitable cell sources is a critical consideration. An abun-
dant tissue in most individuals and amenable to minimally
invasive harvesting procedures is adipose tissue, which also
emerged in the literature as a promising reservoir of stem
cells [10]. Adipose tissue is readily accessible for clinical
use via minimally invasive procedures, which is especially
apparent in this study design since there was no additional
morbidity in obtaining the Bichat’s fat pad tissue, whose
stem cells were shown to have similarities in cell yield,
morphology, and multilineage differentiation with other
adipose-derived stem cells while demonstrating faster pro-
liferation and greater tendency of producing colonies [11].
Buccal fat-pad-derived stem cells were used successfully
in the treatment of large alveolar bone defects [12], as well
as in the augmentation of the atrophic posterior mandible
as an additive to xenogenic bone [13]. Adipose tissue was
also utilized as unprocessed with success in experimental
[14], as well as clinical [4], highlighting its efficiency and
clinical applications. Based on HU analysis, fragmented
Bichat’s fat pad tissue in this study showed contribution
to achieving graft anatomy that closely aligns with natural
bone anatomic structure, while at the same time providing
high stability for implants.

With the advancement of technology and science, vari-
ous innovative approaches have emerged to stimulate tis-
sue regeneration. Among these approaches, the utilization
of light therapy has gained prominence [15]. LLLT, also
known as photobiomodulation, encompasses a spectrum
of techniques that harness the therapeutic properties of
light to modulate cellular activities and promote tissue re-
pair. This non-invasive modality involves the application
of specific wavelengths of light to targeted tissues, where
it interacts with chromophores within cells, initiating a
cascade of biological responses. Through mechanisms such
as photobiomodulation, light therapy has been shown to
enhance cellular metabolism, accelerate wound healing
[16, 17], reduce inflammation, and promote angiogenesis
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[18, 19] and collagen synthesis [20, 21]. Moreover, light
therapy offers versatility in its application, with various
modalities that include also possible intraoral and extraoral
applications. An extraoral approach with pulsing LED 635
nm light was shown to successfully penetrate soft and hard
tissues in the maxillofacial region, proving the possibil-
ity of reaching deeper tissues and achieving therapeutic
goals [22]. Several studies showed the beneficial effect of
LLLT on bone regeneration. Bai et al. [23] demonstrated
the promotion of blood vessel, collagen fiber and bone
tissue formation, while a systematic review by Kheiri et
al. [24] showed evidence of stimulation of osteogenesis
in critical-size bone defects as well as enhancement of fi-
broblast and osteoblast proliferation with the use of LLLT.
The addition of LLLT to the first experimental group in
this study yielded similar results, however, given that the
expected influence of LLLT primarily pertains to angio-
genesis, further studies and biopsy analysis will be crucial
in elucidating its specific impact.

Zizelmann et al. [25] evaluated the use of autologous
cancellous bone graft, which is the gold standard, in max-
illary sinus augmentation and obtained bone density of
266-551 HU, which resembles natural bone density and
is also comparable with experimental groups of this study.
Al-Obaidi et al. [26] performed graftless maxillary sinus
augmentation, utilizing only gelatine sponges in order to
organize the blood clot under the elevated Schneiderian
membrane, so the obtained bone was native bone whose
bone density (595.5 + 159.4 HU) is also comparable with
results of this study. Maxillary sinus augmentation utilizing
calcium phosphate bioceramics granules demonstrated a
higher mean bone density (766.9-1018.7 HU) when com-
pared with the lower density of the native bone control
group (482.6-891 HU) [27]. The ideal bone graft material
should emulate the structural, mechanical, and biological
properties of native bone tissue. This study utilized cur-
rent knowledge and advancements in biomaterial science,
tissue engineering, and regenerative medicine which hold
promise in obtaining a step closer to this goal. In this study,
analysis of CBCT findings in the control group compared
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to the experimental groups individually and collectively
reveals that both experimental groups exhibit bone mor-
phology more closely resembling natural native bone. All
groups yielded high implant stability, with slightly better
stability in experimental groups, however, a larger sample
size is needed to get more insight. Further histological
characterization and additional analyses will contribute
to a deeper understanding of the achieved results and may
potentially serve as guidelines for further scientific inquiry.

The given HU and RFA analysis serve as clear indica-
tors of the substantial potential of this graft mixture, by its
complete integration and provision of significant stability
to the inserted implants. Xenograft mixed with Bichat’s
fat pad tissue may represent a novel entity in the field of
bone regeneration.

CONCLUSION

The findings of this study support that the utilization of
fragmented Bichat’s fat pad tissue xenograft mixture may
enhance the regenerative process in terms of obtaining
bone more resembling native bone compared with the uti-
lization of xenograft alone. Additionally, the augmented
graft demonstrates high implant stability, indicating its
potential for successful integration and long-term support.
The addition of LLLT also resulted in bone resembling na-
tive bone while maintaining high implant stability. Further
analyses based on tissue biopsies are ongoing and will pro-
vide additional insights, enhancing our understanding of
the observed results.
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CAMETAK

YBoa/Lumb Yrpagta AeHTanHux uMniaHTata y pernju nocre-
prIOpHe MaKcue MoXe NpeAcTaB/baTil 3a30B ycen yecte
nojaBe HeJOBO/bHOT BOJIyMeHa KOCTM 1 MPUCYCTBa BUCOKOM-
HeyMaT130BaHOI MaKCMIapPHOT CMHYCa. Y 0BaKBMM CUTYaLuja-
Ma Kao Tepanujckun MoganuTeT npernopyuyyje ce ayrmeHTaumja
MaKCUNapHOT CUHYCa U KOHBEHLMOHAHO ce U3BOAM nMomMohy
KCEHOreHnx MaTepujana.

Linm oBor uctpaxuBatba je aHann3a pesyntata ynorpebe
dparmeHTMCAHOT MacHOT TKVBa BrxaToBOr MacHor jactyyeta
y KOMOMHaLWjy ca KOLITaHVM 3ameHuoLeM roBeher nopekna,
y OfHOCY ca ynoTpeby camo KoLTaHOT 3amMmeHunoLa roeher
nopekna Kof ayrMeHTauuje MakcunapHux cuHyca. CekyHaap-
HY UWb CTyauje je eBanyauuja yTvuaja Tepanuje ceetnowhy
HWCKOT UHTEH3MTETa Ha pereHepaLnjy KOCTU KOA nauujeHarta
TpeTMpaHMX GparMeHTUCAHIM MAaCHUM TKIBOM Y KOMOMHaL M}
Ca KoluTaHUM 3ameHuoLiem roBeher nopekna.

MeTope Y cTyaunjy je ykibyUYeHo LWeCT naunjeHaTa, yumtbeHo
je 12 ayrmeHTauumja MakcunapHmX CUHyca, a NaumnjeHTn cy Ha-
CyMWYHO pacnopeheHu y Tpu rpyne. Lect meceum nocne xu-
pypruje ypaheHa je KomnjyTepr3oBaHa ToMmorpaduja KOHycHor

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):17-23

CHOMa ryCTUHe KOCTU 1 aHan3a pe3oHaHTHe ppekBeHLuje 12
yrpaheHux nMnnaHTara.

PesyntaTtm Pe3yntaTu aHanm3e rycTuHe KOCTW NoKasanu cy
3HauvajHe pa3nuke y XoyHcGunaoBum jearHmLama, ca BpefHo-
CTMMa eKCnepumeHTanHe rpyne (499,94 + 88,43) Koje cy cnnu-
HVje BPeAHOCTVIMa NPYPOAHE HaT/BHe KOCTU y mopeherby ca
BPEeAHOCT/MA KOHTPOJHE rpyre, Koje Cy BuLe (674,57 £217,12).
AHanu3a pe3oHaHTHe dpeKBeHLUMje MMNIaHTaTa nokasana je
CNIMYHE BPefHOCTH KOHTposHe rpyne (53 + 20,12) n ekcnepu-
MEHTaJIHVX rpyna, ca 61aro BULWMM HUBOOM CTaBUITHOCTN UM-
nnaHTaTa Kog ekcnepumeHTanHux rpyna (56,88 + 6,03).
3akbyuak [late XoyHchungose jeuHuLE 1 aHanm3e pe3oHaHT-
He PppeKBeHLVje jacHM Cy MHAMKATOPY 3HayajHOr NoTeHumjana
ynotpebe KoMbuHaLmje pparMeHTCAHOT MAaCHOT TKIBA U Kce-
HOMeHOr KOLUTaHOT 3aMeHNoLa KOA ayrMeHTaLmje MakcunapHuX
CVHYCa, AeMOHCTPUPajyhn KOMMNETHY MHTerpaLujy 1 NpyXame
3HauajHe cTabunHocTU yrpaheHnm umnnanTatma. OparmeH-
TCaHO MACHO TKMBO Y KOMOUHaLWju ca KceHorpadTom moxe
npeAcTaB/baTi 3HauajaH HOBY eHTUTET y 0651acTU KoluTaHe
pereHepauuje.

KrmbyuHe peun: HoBY rpadT; pereHepaLuja KOCTW; MacHO TKUBO;
Tepanuja cBeTnoWwhny HUCKOT MHTEH3WTETa
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SUMMARY

Introduction/Objective This study aimed to evaluate the relationship between changes in creatine
kinase (CK) levels and the need for dialysis in patients with crush syndrome (CS).

Methods We conducted a retrospective analysis of patients with CS who were admitted to our hospital
after the earthquake from February to May of 2023. We recorded demographic and laboratory data of
the patients and divided them into two groups based on the change in CK levels within 48 hours. The
groups were compared based on the need for dialysis and mortality rates.

Results A total of 84 patients with crush injuries participated in the study (41 males and 43 females). The
average age was 33.65 + 13.1 years. Nineteen patients received hemodialysis, and 18 patients underwent
fasciotomy due to compartment syndrome. The patients were divided into two groups, Group 1 con-
sisted of patients with more than a 50% decrease in CK levels within 48 hours, while Group 2 included
patients with a decrease of less than 50% in CK levels during the same period. We compared the two
groups regarding the frequency of dialysis and mortality. No statistically significant differences were
found between the groups (p = 0.328 for dialysis and p = 0.89 for mortality).

Conclusion Although CKis an important enzyme for diagnosing CS and indicates ongoing muscle dam-
age, changes in CK levels during follow-up do not reliably predict the need for dialysis or mortality risk.
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INTRODUCTION

On February 6, 2023, one of the biggest earth-
quake catastrophes in Turkey and Syria’s his-
tory hit the southeast part of Turkey and Syria,
which are inhabited by more than 20 million
people. More than fifty thousand people lost
their lives according to official numbers re-
vealed by the Health Ministry of Turkey [1, 2,
3]. In Syria, which is a war zone, a less-studied
and less-secure region compared to Turkey,
more than 4000 people lost their lives as de-
clared by the World Health Organization [3].
Over 160,000 buildings were demolished, and
16 hospitals collapsed following the earthquake,
blocking access to health care in the first hours
after the earthquake. Most patients were trans-
ferred to the hospitals adjacent to earthquake-
hit cities [1, 2, 3].

Crush syndrome (CS) could be defined as
trauma — or compression-associated muscle
injury caused by disasters, accidents, or explo-
sions. Generally, it involves the skin, subcuta-
neous tissue, muscle, tendon, and bones and
frequently involves the lower extremities [4].
Following muscle injury, major intracellular
electrolytes such as potassium and phosphate
and enzymes such as creatine kinase (CK) are
released into the systemic circulation. This can
cause electrolyte imbalance and might require
medical treatment, sometimes resulting in renal
replacement therapy [5, 6, 7].

Acute kidney injury (AKI) is one of the
most serious complications of CS. According
to different studies, the rate of AKI might differ
15-50% among patients with CS [8, 9, 10]. As
a treatment, it is vital to initiate fluid resuscita-
tion therapy as soon as access to treatment is
available and renal replacement therapy when
necessary [11, 12]. CK is an enzyme primarily
present in muscles, the brain, and visceral tis-
sues (in small amounts). It is an intracellular
enzyme and very sensitive to hypoxia and in-
jury. Following trauma, hypoxia, or myocardial
ischemia, serum CK levels can be detected as
elevated. Despite its sensitivity, it is not specific
to any disease due to its presence in different
tissues [13, 14]. Similarly, in CS patients, CK
levels can be measured higher than 10,000
U/L [9]. Following muscle injury, CK levels
rise within 2-12 hours, peak between 24 and
72 hours, and decline by the third to fifth day.
Persistently elevated CK levels or a failure to
decrease as expected may indicate ongoing
muscle damage, a pre-existing muscle disorder,
or compartment syndrome [15].

Change in CK levels, as a sign of injury,
could theoretically be a sign of ongoing neph-
rotoxic effects on the kidney. Therefore, in
this study, we aimed to determine whether the
change in CK levels could be a sign of the need
for renal replacement therapy.
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METHODS
Setting and participants

We retrospectively included adult CS patients in our study.
Patients admitted to our hospital following the catastrophic
earthquake that occurred on February 6, 2023, in our re-
gion with a history of trauma, and whose CK levels were
10,000 U/L or above, were diagnosed with CS. In addi-
tion, according to the KDIGO Guidelines, among these
patients, those who developed acute kidney injury were
recorded [16].

Patients under 18 years of age, with end-stage renal
disease, and with a history of recent surgical intervention
were excluded from the study.

Patient characteristics and procedures

Patient data were obtained from the hospital’s patient da-
tabase system. Demographic characteristics such as age
and gender were noted. Laboratory findings at the time of
admission, including white blood cell count, neutrophil,
hemoglobin, hematocrit, platelets, urea, creatinine, CK, so-
dium, potassium, total calcium, phosphate, and C-reactive
protein, were recorded. The time spent under the rubble
until the first medical intervention, length of hospital stay,
and the rate of fasciotomy, dialysis, and mortality were
retrieved from the electronic health records of the par-
ticipants. Although not optimal, since continuous renal
replacement therapy (CRRT) was not an option in our
clinic, conventional intermittent hemodialysis was applied
to every patient requiring dialysis.

In addition to CK levels at the time of admission, CK
levels after the 48th hour of admission were recorded. The
patients were divided into two groups:
the “fast responders” (decreased more
than 50% within 48 hours) and the

percentage of the total. The difference between continu-
ous and skewed variables was compared with the Student’s
t-test and the Mann-Whitney U test, respectively. The x*
test was used to determine the relationship between cat-
egorical variables. Point biserial correlation was calculated
to evaluate the potential correlation of CK levels with he-
modialysis, fasciotomy, mortality, and length of hospital
stay. P values less than 0.05 were accepted as statistically
significant.

Ethics

The institutional Clinical Research Ethics Committee ap-
proved the study protocol. All procedures followed the
Turkish Medicine and Medical Devices Agency Good
Clinical Practices Guidelines and the Declaration of
Helsinki.

RESULTS

This study included 84 patients with a median age of 29
years (min: 18, max: 72, IQR: 15), and 51.2% (n = 43)
of them were female. The demographic characteristics,
including age and gender, and baseline laboratory find-
ings of participants were given in Table 1. The median
CK levels of the enrollees at the time of admission were
7868 U/L (IQR: 23,351), and 32.1% (n = 27) of them were
diagnosed with AKI. While the CK levels of patients in
the “fast responders” group at the time of admission were
significantly higher, the CK levels at the 48th hour were
found to be similar in both fast and slow responders.
While 22.6% (n = 19) of patients received hemodialysis,
21.4% (n = 18) of patients underwent fasciotomy due to
compartment syndrome. The in-hospital mortality rate
was 6% (n = 5). The comparison of fast and slow responder

Table 1. General characteristics, and baseline laboratory findings of patients

“slow responders” (decreased less than

50% within 48 hours) according to the
decrease in the level of CK within 48
hours. These two groups were compared
in terms of frequency of dialysis, mortal-
ity, length of hospital stay, and need for
fasciotomy.

Statistical analysis

The program used for statistical analy-
sis was IBM SPSS Statistics, Version 26.0
(IBM Corp., Armonk, NY, USA). The
distribution of the data was assessed
using the Kolmogorov-Smirnov test.
The data with normal distribution were
presented as mean + standard deviation
(SD), and skewed data were expressed as
median and inter-quartile range (IQR).
Categorical variables were reported as a
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o Total Fast Slow
Characteristic (n = 84) responders responders p*
(n=36) (n=48)

Age (Years), median (IQR) 29 (15) 28.5(14) 29.5(16) 0.238
Sex, n (%), female 43 (51.2) 20 (23.8) 23 (27.4) 0.488
WBC (109/L), mean (SD) 15 (6.6) 14.4(7.2) 15.4 (6.1) 0.968
Neutrophil (109/L), mean (SD) 12.3(5.9) 11.6 (6.5) 12.8 (5.5) 0.717
Hemoglobin (mmol/L), mean (SD) 7.97 (2.02) 8.24 (2.15) 7.76 (1.92) 0.119
Hematocrit, mean (SD) 0.39(0.1) 0.4(0.1) 0.38(0.9) 0.148
Platelets (109/L), mean (SD) 232(93.8) 237.4(79.9) 229.3(104.7) | 0.787
Urea (mmol/L), median (IQR) 7.58 (9.32) 9.07 (8.99) 7.41(11.49) 0.603
Creatinine (umol/L), median (IQR) 76.91(130.83) | 79.56 (228.96) | 65.42(128.18) | 0.235
CK (admission) (U/L), median (IQR) 7868 (23351) | 15,823 (46808) | 5326 (16,102) | 0.005
CK (48th hour) (U/L), median (IQR) 5294 (13462) | 5294(13292) | 5515(13526) | 0.910
Sodium (mmol/L), median (IQR) 137 (5) 137 (7) 137 (4) 0.647
Potassium (mmol/L), median (IQR) 4.26 (0.88) 4.4(1.12) 4,09 (0.88) 0.097
Calcium (mmol/L), median (IQR) 2.15(0.21) 2.15(0.24) 2.16 (0.19) 0.645
Phosphorus (mmol/L), median (IQR) 1.33 (6.46) 1.33(7.10) 1.33 (5.49) 0.927
CRP (mg/L), median (IQR) 122 (143.3) 119 (132.5) 123 (147) 0.964

IQR - interquartile range; WBC - white blood count; CK - creatine kinase CRP - C-reactive protein;
*p-values < 0.05 were considered statistically significant
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groups in terms of the need for dialysis treatment and in-
hospital mortality revealed that neither the need for dialy-
sis (11.9% vs. 10.7%, p = 0.328) nor in-hospital mortality
rates (2.4% vs. 3.6%, p = 0.890) were significantly different
between groups (Table 2). However, the mortality rate was
significantly higher among patients who received hemo-
dialysis (4.8% vs. 1.2%, p = 0.002). In addition, fasciotomy
rates (8.3% vs. 13.1%, p = 0.701) and the length of hospital
stay (12 days vs. 11.5 days, p = 0.553) were similar between
both groups (Table 2).

While the CK levels at the time of admission and the
amount of drop in the first 48 hours were significantly cor-
related with the need for hemodialysis (r = 0.371, p < 0.001,
r=0.302, p = 0.005, respectively), we did not observe such
correlation for mortality rates, fasciotomy rates, or the
length of hospital stay (p > 0.05 for all) (Table 3).

Table 2. The comparison of outcomes between slow and fast respond-
ers

Total Fast Slow
Characteristic (n=84) responders | responders | p*
- (n=36) (n=48)

Hemodialysis, n (%) 19(22.6)| 10(11.9) 9(10.7) 0.328
Fasciotomy, n (%) 18(21.4) 7(8.3) 11(13.1) | 0.701
Mortality, n (%) 5(6) 2(24) 3(3.6) 0.894
Length of hospital stay

(days), median (IQR) 12 (15) 12 (14) 11.5(19) | 0.553

IQR - interquartile range;
*p-values < 0.05 were considered statistically significant

Table 3. The Point Biserial Correlation of patients’ CK levels, A CK levels,
and outcomes

CK ACK
Characteristic (admission) (first 48 hours)
r p* r p*
Hemodialysis 0.371 | 0.001 | 0.302 | 0.005
Fasciotomy 0.188 | 0.088 | 0.154 | 0.161
Mortality 0.164 | 0.136 | 0.103 | 0.351
Length of hospital stay (days) | 0.126 | 0.252 | 0.147 | 0.182

CK - creatine kinase; A CK - the amount of fall in CK in the first 48 hours;
r - Point Biserial Correlation;
*p-values <0.05 were considered statistically significant

In our study, we examined electrolyte imbalances in
all patients. The rate of patients with hyperkalemia and
hypokalemia was 8.3% (n: 7) and 9.5% (n: 8), respectively.
In addition, hypocalcemia and hyponatremia, which are
common electrolyte disorders in patients with CS, were
41.6% (n: 35) and 30.9% (n: 26), respectively.

DISCUSSION

Crush syndrome (CS), defined by Bywaters 60 years ago
and also known as Bywaters syndrome, is a medical con-
dition consisting of elevated CK levels and renal failure
resulting from the destruction of muscle cells following an
injury or hypoxia. In its etiology, different events or dis-
eases can play significant roles, such as trauma and injury
caused by natural and unnatural disasters (earthquake,
typhoon, war, mine accident), toxins, viral infection,

‘ DOI: https://doi.org/10.2298/SARH240615014K
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and strenuous exercise [17, 18]. Elevated CK levels can
be observed in CS and remain elevated if CS continues.
Change in CK levels, as a sign of injury, could theoretically
be a sign of ongoing nephrotoxic effects on the kidney.
Therefore, in this study, we aimed to determine whether
the change in CK levels could be a sign of the need for
renal replacement therapy.

In our study, comparable to previous studies, the me-
dian age was 29 (18-72). The fact that the rate of patients
over the age of 65 in our study was 2.4% (n: 2), and this
situation was lower than the distribution of the population
over the age of 65, may be related to the high mortality rate
of elders at the scene [19, 20, 21]. Although the unknown
age distribution of deaths at the scene makes this situation
difficult, our study is comparable to the previous study
of Erek et al. [22]. Tanida et al. [19] reported that in the
Hanschin earthquake that occurred in Japan in 1995, the
mortality rate was found to be six times higher in patients
older than 80 years compared to patients younger than 50
years. This low rate may be related to previous observations
that the geriatric population is more prone to earthquake-
related injury but has a much higher on-the-spot mortality
rate [19, 20]. In terms of mortality rate between different
sexes, there was no difference between the patients (male:
41, female: 43) (p = 0.684).

AKI caused by CS is one of the severe complications
observed at different levels in various studies. In a study
conducted in China after the Wenchuan Earthquake, the
rate of AKI was detected at 41.6% among hospitalized
patients [23]. However, in one of the leading studies con-
ducted in Turkey by Sever et al., the rate of AKI was 12%
in the patients [12]. Therefore, it might be challenging to
estimate the exact rate of AKI, which might be caused by
different factors. In our study, the rate of acute kidney in-
jury was 32.1%, which was compatible with other studies.

In terms of electrolyte imbalances, which can be ob-
served in CS, hyperkalemia, hyperphosphatemia, and hy-
pocalcemia are the most common disturbances that can
be life-threatening if not treated on time. Aggressive fluid
management with the control of urine output is the first-
line treatment of CS. Urine alkalization and dialysis inter-
vention to control electrolyte imbalances can be applied.
Hyperkalemia is the most fatal complication and one of
the leading factors of mortality observed in patients with
CS [24, 25]. In the Marmara Earthquake, Erek et al. [22]
reported that hyperkalemia is the most frequent electro-
lyte imbalance observed in cases (42% of them) that died
from CS. And hyperkalemia is more commonly observed
than hypokalemia. In our study, despite no statistical dif-
ference observed (p > 0.05), the rate of hypokalemia was
higher than hyperkalemia, 9.5% (n: 8) and 8.3% (n: 7),
respectively. In this regard, our data are more like the study
conducted in the Wenchuan Earthquake in China, which
showed that hypokalemia (18.2%) was more common than
hyperkalemia (15.9%) [23]. Apart from these, hypocalce-
mia and hyponatremia were detected at the rate of 41.6%
(n: 35) and 30.9% (n: 26), respectively.

In rhabdomyolysis-associated AKI, elevated CK is an
indicator of ongoing muscle damage, which may be an

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):24-28



Can creatine kinase levels be an indicator of the need for hemodialysis?

indicator of increased risk of kidney damage [26]. For
this reason, the absence of an increase in CK level and
a decrease in CK level theoretically creates less need for
dialysis. In this study, we compared the patients whose CK
levels decreased by more than 50% within the first 48 hours
from the moment of admission with the patients whose CK
levels did not decrease, in terms of dialysis. We could not
detect any statistical difference in dialysis frequency be-
tween these two groups (p = 0.328). In a study conducted
by Xiao et al. [27] on 86 patients, no significant difference
was detected between the CK level of the patients and the
need for CRRT, and no statistically significant relation-
ship between CK and renal function was observed there.
In our study, patients received conventional intermittent
dialysis, as our clinic did not offer the option of CRRT.
This approach allowed us to monitor and assess the effec-
tiveness of intermittent treatment. Notably, the outcomes
we observed closely aligned with the findings reported by
Xiao et al. [27], reinforcing the validity of our study results.

Mortality in CS can be caused by many factors, such
as the duration of exposure under the rubble, the time
of transfer of the patient, the moment of starting the first
treatment, the presence of electrolyte imbalances, the de-
velopment of acute kidney injury, the availability of dialy-
sis, fasciotomy, or trauma-related surgery. Although the
overall mortality rate reaches 20% in the population with
kidney damage, this rate may vary [28, 29]. This rate may
be even higher in patients with multiorgan damage. In a
study conducted by Erek et al. [22] in 639 patients, they
found the mortality rate in patients with CS who were on
dialysis and who were not on dialysis to be 17.2% and
9.3%, respectively. In our study, death occurred in five pa-
tients, and this rate was determined as 5.9%. Reasons for
the lower mortality rate compared to other studies may
be related to many factors, such as our low number of pa-
tients, the partial distance of our center from the epicenter

REFERENCES

1. World Health Organization. Turkey earthquake: external situation
report. Copenhagen: WHO Regional Office for Europe; 2023.

2. Buyurgan G, Bozkurt Babus S, Yarkac A, Kose A, Usluer H, Ayrik
C, et al. Demographic and clinical characteristics of earthquake
victims presented to the emergency department with and
without crush injury upon the 2023 Kahramanmaras (Turkey)
earthquake. Prehosp Disaster Med. 2023;38(6):707-15.

[DOI: 10.1017/51049023X23006416] [PMID: 37753627]

3. World Health Organization. Earthquake response in Northwest
Syria: situation report. Gaziantep: WHO Gaziantep Field Office;
2023. (Situation Report #1, 0612 February 2023)

4. LiN,Wang X, Wang P, Fan H, Hou S, Gong Y. Emerging medical
therapies in crush syndrome: progress report from basic sciences
and potential future avenues. Ren Fail. 2020;42(1):656-66.

[DOI: 10.1080/0886022X.2020.1792928] [PMID: 32662306]

5.  Kodadek L, Carmichael SP 2nd, Seshadri A, Pathak A, Hoth J,
Appelbaum R, et al. Rhabdomyolysis: an American Association for
the Surgery of Trauma Critical Care Committee Clinical Consensus
Document. Trauma Surg Acute Care Open. 2022;7(1):e000836.
[DOI: 10.1136/tsaco-2021-000836] [PMID: 35136842]

6.  Anderson JL, Cole M, Pannell D. Management of severe crush
injuries in austere environments: a special operations perspective.
J Spec Oper Med. 2022;22(2):43-7. [DOI: 10.55460/2Y7A-IGK7]
[PMID: 35639893]

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):24-28

of the earthquake, and the increase in treatment oppor-
tunities for CS.

Our study has several limitations. This study was per-
formed retrospectively with patients who received medical
treatment under the extreme and devastating conditions
of a massive earthquake that caused power and internet
outages, staff shortages, and usage of field hospitals. So, we
could not retrieve the data of initial treatments applied to
the patients (type, dose, duration of treatments, etc.) and
information on diuresis adequately and accurately from the
hospital’s patient database system. Therefore, we couldn’t
compare the initial treatments of responders and non-
responders. Apart from this, the number of patients in
our study compared to previously published studies was
relatively low, which makes it hard to draw broad conclu-
sions. The urgency of the situation was challenging and ob-
structed our study to be designed prospectively. Therefore,
our study was designed retrospectively. These were the
limitations encountered during the study.

CONCLUSION

Although CK is a significant enzyme in the diagnosis of CS
and can be a sign of ongoing muscle damage, the present
study revealed that the changes in CK levels during the first
48 hours have no predictive value for the need for dialysis
and in-hospital mortality. However, due to the retrospec-
tive design of this study and a relatively small number of
participants, future studies are warranted to confirm the
current findings. Besides this, electrolyte imbalances are
frequent and can be fatal in CS. Therefore, awareness of
clinicians and on-time treatment is crucial.

Conflict of interest: None declared.

7. LuoY,LiuGC,LiD,Yang B, ShiJ, Guo X, et al. Progress in the
diagnostic and predictive evaluation of crush syndrome.
Diagnostics (Basel). 2023;13(19):3034.

[DOI: 10.3390/diagnostics13193034] [PMID: 37835777]

8.  Ronco C, Bellomo R, Kellum JA. Acute kidney injury. Lancet.
2019;394(10212):1949-64.

9. Ramirez-Guerrero G, Torres-Cifuentes V. Crush syndrome-related
acute kidney injury in earthquake victims. J Transl Crit Care Med.
2023;5(4):e00008. [DOI: 10.1097/JTCCM-D-23-00008]

10.  Kellum JA, Romagnani P, Ashuntantang G, Ronco C, Zarbock A,
Anders HJ. Acute kidney injury. Nat Rev Dis Primers. 2021;7(1):52.
[DOI: 10.1038/541572-021-00284-z] [PMID: 34267223]

11. Kog A. Crush syndrome: a review of current knowledge and
treatment strategies. J Comprehensive Surg. 2023;1(1):7-10.
[DOI: 10.51271/JOCS-0002]

12.  Usuda D, Shimozawa S, Takami H, Kako Y, Sakamoto T, Shimazaki
J, et al. Crush syndrome: a review for prehospital providers and
emergency clinicians. J Transl Med. 2023;21(1):584.

[DOI: 10.1186/512967-023-04416-9]
[PMID: 37653520]

13.  Belmekia A, Akrim Y, Kamissoko S, Chellak S, Boukhira A. Crush
syndrome: biological profile of patients victims of the Al Haouz
earthquake—about 100 cases. SAS J Med. 2024;10:1027-30.
[DOI: 10.36347/sasjm.2024.v10i10.004]

www.srpskiarhiv.rs

27



28

20.

21.

22.

Ui C, Shen-Ying W, Chao L. Value of hemoperfusion combined
with continuous renal replacement therapy in rhabdomyolysis
complicated with acute renal injury induced by bee stings. J Clin
Exp Med. 2020;19:1764-7.

UpToDate. Rhabdomyolysis: clinical manifestations and diagnosis
[Internet]. Available from:
https://www.uptodate.com/contents/rhabdomyolysis-clinical-
manifestations-and-diagnosis/contributor-disclosure. Accessed 2
November 2024.

Kidney Disease: Improving Global Outcomes (KDIGO). KDIGO
Clinical Practice Guideline for Acute Kidney Injury. Kidney Int
Suppl. 2012;2(1):1-138. Available from:
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-
Guideline-English.pdf

Park Y, Song JY, Kim SY, Kim SH. Clinical characteristics of
rhabdomyolysis in children: single center experience. Child Kidney
Dis. 2018;22(2):52-7. [DOI: 10.3339/jkspn.2018.22.2.52]

Bywaters EG. 50 years on: the crush syndrome. BMJ.
1990;301(6766):1412-5. [DOI: 10.1136/bmj.301.6766.1412]
[PMID: 2279155]

Tanida N. What happened to elderly people in the great Hanshin
earthquake. BMJ. 1996,313(7065):1133-5. [DOI: 10.1136/
bmj.313.7065.1133] [PMID: 8916704]

Armenian HK, Melkonian A, Noji EK, Hovanesian AP. Deaths and
injuries due to the earthquake in Armenia: a cohort approach. Int
J Epidemiol. 1997;26(4):806-13. [DOI: 10.1093/ije/26.4.806]
[PMID: 9279613]

Peek-Asa C, Kraus JF, Bourque LB, Vimalachandra D, Yu J, Abrams J.
Fatal and hospitalized injuries resulting from the 1994 Northridge
earthquake. Int J Epidemiol. 1998;27(3):459-65.

[DOI: 10.1093/ije/27.3.459] [PMID: 9698136]

Erek E, Sever MS, Serdengecti K, Vanholder R, Akoglu E, Yavuz M,
et al.; Turkish Study Group of Disaster. An overview of morbidity

Kilic J. et al.

and mortality in patients with acute renal failure due to crush
syndrome: the Marmara earthquake experience. Nephrol Dial
Transplant. 2002;17(1):33-40. [DOI: 10.1093/ndt/17.1.33]
[PMID: 11773459]

23. He Q WangF, LiG, Chen X, Liao C, Zou Y, et al. Crush syndrome
and acute kidney injury in the Wenchuan earthquake. J Trauma
Acute Care Surg. 2011;70(5):1213-8.

[DOI: 10.1097/TA.0b013e3182117b57] [PMID: 21610435]

24. Better OS. The crush syndrome revisited (1940-1990). Nephron.
1990;55(2):97-103. [DOI: 10.1159/000185934] [PMID: 2194135]

25.  Allister C. Cardiac arrest after crush injury. Br Med J (Clin Res Ed).
1983,287(6391):531-2. [DOI: 10.1136/bm;j.287.6391.531-a]
[PMID: 6411209]

26. Zhangl,KangY, FuP CaoY,ShiY, LiuF, et al. Myoglobin clearance
by continuous venous-venous haemofiltration in rhabdomyolysis
with acute kidney injury: a case series. Injury. 2012;43(5):619-23.
[DOI: 10.1016/j.injury.2010.08.031] [PMID: 20843513]

27. Xiaol,Ran X, ZhongY, LeY, LiS. Serum creatine kinase levels
are not associated with an increased need for continuous
renal replacement therapy in patients with acute kidney injury
following rhabdomyolysis. Ren Fail. 2022;44(1):893-901.

[DOI: 10.1080/0886022X.2022.2079523] [PMID: 35611437]

28. Bayyigit A, Gunay FH, Yerli M, Ervatan Z, Karmis EB, Kadioglu Kocak
MG. Evaluation of clinical and laboratory findings and outcomes
in patients suffering from earthquake-related crush injury: who
needs renal replacement therapy? Disaster Med Public Health
Prep. 2024;18:e308. [DOI: 10.1017/dmp.2024.263]

[PMID: 39655672]

29. Stewart lJ, FaulkTl, Sosnov JA, Clemens MS, Elterman J, Ross
JD, et al. Rhabdomyolysis among critically ill combat casualties:
associations with acute kidney injury and mortality. J Trauma
Acute Care Surg. 2016;80(3):492-8.

[DOI: 10.1097/TA.0000000000000933] [PMID: 26670111]

Mory v HUBOM KpeaTUH KMHa3e 6UTH nokasaTte/b notpebe 3a xemoaujanmsom?

Jexat Kunuy', Bunrun baxagup bawros', Omep ®apyk Anakyw', Abgynax Mepuxan', Ann WxcaH Cept?, Qepxat bunron’,
Mexmet Cepgap Jungupum', Cynejman O3uajnak’, Vixcan Conmas', Huzam Jemup!

"McTpaxmBayka 1 HacTaBHa 6onHuua Masu Jawaprun’, Operberbe 3a MHTEpPHY MeauumnHy, njap6akup, Typcka;
2/cTpaxnBayKa 1 HacTaBHa 6onHnua,lasu Jawaprun’, Ogerberbe 3a jeanHULY HTEH3MBHe Here, Aujapbakup, Typcka

CAMETAK

Yeoa/LUum OBa cTyauja je umana 3a Lwb Aa UCnmTa OgHOC U3-
meBhy npomeHa y HMBoMMa KpeaTuH KuHase (KK) n notpebe 3a
Anjann3om Kop 60o5ecH1Ka ca TpaymaTckom pabaoMUOn30M.
MeTope YpaheHa je peTpocnekTvBHa aHanun3a bonecHuKa ca
TpayMaTCKOM PabAoMMONI30M Koju Cy NPUMIbEHN Y Haluy 60n-
HULY HaKOH 3eM/boTpeca y nepuoay og bebpyapa fo Maja 2023.
rogyvHe. 3abenexxeHu cy femorpadckm 1 nabopatopujckm noga-
L 6onecHKa, Koju Cy NOTOM NOAEIbEHN Y fBE rPyre Ha OCHOBY
npomeHe y HuBovma KK yHyTap 48 catu. [pyne cy ynopeheHe y
0fHOCY Ha NoTpeby 3a Anjanvi3oM 1 CTOMy MopTanuTeTa.
Pe3syntatu Y cTyaunju je yuectBoBano yKyrnHo 84 6onecHuka
ca noBpefama ycnep apobrberba (41 mylikapal 1 43 XeHe).
MpoceyHa ctapocT 6una je 33,65 + 13,1 roguHa. [leBeTHaecT
nauujeHara je NoABPrHyTo XeMoAujanusu, Aok je 18 naumjeHa-

DOI: https://doi.org/10.2298/SARH240615014K

Ta MOABPrHyTO PacLmoToMmju 360r CMHAPOMA KOMMapTMaHa.
BonecHuum cy nogerseHu y age rpyne: lpyna 1 obyxsatana je
6onecHrKe Ko Kojux je aolno fo cmatbera KK 3a Buwe of
50% y poky op 48 cat, ok cy y [pynu 2 6unu 6onecHnum ca
cmarberbem KK marum of 50% y nctom nepriogy. Ynopehrisarbe
ABe rpyne y nornegy y4ectanoctui fujanvse u ctone mopranu-
TeTa Huje NoKa3aso CTaTUCTUYKM 3HaYajHe pa3nuke (p = 0,328
3a gujanusy u p = 0,89 3a MmopTanurer).

3akmyuak Vlako je KK BaxkaH eH31M 3a AnjarHo3y Tpaymatcke
pabaomronuse n ykasyje Ha Tekyhe owTtehere mywmha, npo-
MeHe y HrBouMa KK Tokom npahetba H1Cy noy3aaH npeamnkTop
notpebe 3a Anjann3om UM pr3rka of MopTanuTeTa.

KrbyuHe peuu: TpaymaTcka pabgoMmonii3a; KpeaTuH KnHasa;
[vjannsa; MopTanuTeT
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A cross-sectional study on the factors influencing
drug resistance in clinical Mycobacterium
tuberculosis in Hulunbuir, Inner Mongolia
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'Baotou Medical College, School of Public Health, Baotou, Inner Mongolia, China;
“The Second People’s Hospital in Hulunbuir, Zaerdong, Inner Mongolia, China

Introduction/Objective This study aimed to improve the understanding of drug-resistant tuberculosis
(TB) by conducting a retrospective analysis of clinical data from TB patients in Hulunbuir, Inner Mongolia,
collected between 2015 and 2017.

Methods A retrospective analysis was performed on clinical data from patients with TB. The data were
used to determine monodrug resistance rankings for ethambutol, isoniazid, rifampicin (RIF), and strep-
tomycin. Additionally, the study examined drug resistance rates for multidrug resistance (MDR) combi-
nations, specifically isoniazid + RIF + streptomycin and isoniazid + RIF + ethambutol + streptomycin. A
multivariate logistic regression analysis was conducted to assess risk factors for drug resistance, including
sex, hospitalization status, age, and treatment history.

Results The findings revealed that both MDR combinations had resistance rates of 4.51%, the highest
among the combinations analyzed. Ethambutol, isoniazid, and RIF showed the three highest monodrug
resistance rates. Patients undergoing retreatment had higher rates of monodrug resistance, MDR, and
polydrug resistance compared with those receiving initial treatment. The multivariate logistic regression
analysis indicated that women had a lower risk of developing drug resistance than men, and hospitalized
patients were found to be at lower risk than outpatients. Being 20-40 years old and undergoing retreat-
ment were identified as significant risk factors for developing drug-resistant TB.

Conclusion In the Hulunbuir region of Inner Mongolia, there was a notable presence of drug resistance
among patients with TB, with specific demographic and treatment history factors contributing to this
resistance. These findings underscore the importance of considering these factors in developing targeted

treatment strategies and public health policies to combat drug-resistant TB.
Keywords: Mycobacterium tuberculosis; drug resistance; influence factor

INTRODUCTION

Tuberculosis (TB) is a disease primarily caused
by Mycobacterium tuberculosis (Mtb) infection
and poses a significant threat to public health
[1]. Between 2016 and 2020, the World Health
Organisation designated China as a high-
burden country for TB, TB-HIV co-infection
and multidrug-resistant TB (MDR-TB). The
high burden of MDR-TB is a key factor hinder-
ing TB control [2]. Multidrug-resistant TB is
difficult to treat, severely impacting patients’
physical and mental health and livelihoods and
endangering their lives.

In recent years, with the implementation
of the National Tuberculosis Prevention and
Control Programme, some progress has been
made in the prevention and control of drug-
resistant TB in China. However, the epidemic
of drug-resistant TB remains inadequately con-
trolled in economically disadvantaged, remote
areas [3]. Recent reports indicate a significant
upward trend in drug resistance rates, particu-
larly for rifampicin (RIF), multidrug-resistant
strains and fluoroquinolones among TB pa-
tients in Inner Mongolia [4]. These remote re-
gions face unique challenges due to economic
disparities. This study aims to investigate the

drug resistance status of TB and its associated
influencing factors in the Hulunbuir area to
guide individualized treatment plans. It also
addresses a gap in the understanding of spe-
cific factors affecting drug resistance, which is
essential for developing effective control mea-
sures.

METHODS
Study design and population

A cross-sectional study was conducted using
convenience sampling of 688 patients with TB
who were newly diagnosed or previously treat-
ed and who sought medical care, were referred
to it, or were tracked in the Hulunbuir Second
People’s Hospital in the Hulunbuir region be-
tween January 1, 2015 and December 31, 2017.
A questionnaire survey was then undertaken to
gather basic information, medical history and
treatment history from the patients. The diag-
nostic criteria used in this study followed the
Diagnostic Criteria for Pulmonary Tuberculosis
formulated by the Tuberculosis Branch of the
Chinese Medical Association [5]. The inclu-
sion criteria were as follows: (1) patients with
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positive sputum culture identification for Mtb, (covering
pulmonary TB and extrapulmonary TB) and (2) patients
who underwent drug susceptibility testing (DST). The
exclusion criteria were as follows: (1) patients who were
on treatment during the investigation period, (2) patients
declining DST, and (3) patients unwilling to participate
in the survey.

Research methods

Sputum samples from all active patients with TB included
in the study were cultured on a solid medium using Roche
culture medium. Positive cultures were subsequently sub-
jected to strain isolation, identification and DST. The DST
for TB was divided into two parts. First, sputum samples
were collected to culture Mtb; subsequently, the drug
susceptibility of the strains was tested using kits. Strain
identification was accomplished by qualified researchers
using a gene chip method, which employed a DNA micro-
array chip to qualitatively detect samples from clinically
suspected patients for Mtb and non-tuberculous myco-
bacteria. The detailed procedures followed the Laboratory
Testing Guidelines for Tuberculosis [6]. To ensure the ac-
curacy and reliability of the gene chip method in strain
identification, a series of quality assurance measures were
implemented, including the establishment of standardized
operating procedures, the adoption of double-blind test-
ing processes, the introduction of positive and negative
controls, inter-laboratory comparisons, the development
of quality control metrics, ongoing quality improvement
plans, detailed record-keeping and adherence to ethical
standards. Through these stringent quality control mea-
sures, the consistency and traceability of the experimental
results were ensured and enhanced the scientific validity
of the research. The acidic Roche culture medium was
manufactured by Hangzhou Innovation Biotechnology
Co., Ltd (Hangzhou, Zhejiang, China). The DST kit and
gene chip were purchased from Beijing Boao Biological
Group Co., Ltd. (Beijing, Beijing, China), both compliant
with national standards.

Quality control

Patient questionnaires were completed by professional
physicians to ensure accuracy in the patients’ medical his-
tory and treatment records. Smear examination, bacterial
culture and DST were conducted in accordance with the
Diagnostic Criteria for Pulmonary Tuberculosis [5] and
the Laboratory Testing Guidelines for Tuberculosis [6].

Relevant definitions

Newly diagnosed patients were defined as individuals who
had never used anti-TB drugs or had used them for less
than one month and had discontinued treatment for less
than two months. Retreatment patients, by contrast, in-
cluded those who underwent irregular anti-TB treatment
for at least one month, as well as those who experienced

‘ DOI: https://doi.org/10.2298/SARH240520001G
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treatment failure or relapse. The drug resistance classifica-
tion was as follows:

1. Any drug resistance: Mtb is resistant to a particular
anti-TB drug, including but not limited to that spe-
cific drug;

2. Monodrug resistance: Mtb is resistant to a single first-
line anti-TB drug;

3. MDR: Mtb is resistant to both isoniazid and RIF con-
currently;

4. Polydrug resistance: Mtb is resistant to two or more
anti-TB drugs, excluding simultaneous resistance to
both isoniazid and RIE

Statistical analysis

Statistical analysis was conducted using IBM SPSS
Statistics, Version 23.0 (IBM Corp., Armonk, NY, USA).
Descriptive and analytic statistics were employed to depict
and examine drug resistance profiles and rates. Counts
were described using proportions or percentages, and
group differences were assessed using the chi-squared (x*)
test. A logistic regression model was utilized to analyze the
factors influencing drug resistance in patients with TB.
The outcomes were visualized using GraphPad Prism 9.3
(GraphPad Software, San Diego, CA, USA). Two-tailed
tests were performed, with a significance level of a = 0.05.

The Ethics Committee of Baotou Medical College
approved this study (Ethical number: Baotou Medical
College Ethics Committee Approval [2023] No. 16). The
Committee approved the waiver of informed consent from
parents/guardians of the minors, due to the study being
a retrospective analysis of clinical data and all methods
were performed in accordance with the ethical guidelines.

RESULTS
Basic information

Among the 688 patients with TB in this study, 393 were
newly diagnosed, whereas 295 were previously treated. The
male-to-female ratio among these patients was 2.8:1. Most
patients were hospitalized due to pulmonary TB.

Drug resistance testing results

By examining the resistance results to four anti-TB drugs
- isoniazid, RIF, ethambutol and streptomycin - this study
identified a drug resistance rate of 44.04% among the 688
isolates. Fifteen combinations of drug resistance were ob-
served among these four drugs, with each combination
exhibiting resistance. The ranking of monodrug resistance
was as follows: ethambutol (8.14%), isoniazid (5.67%), RIF
(5.52%), and streptomycin (1.45%). Among the multidrug
resistance patterns, the highest resistance rates were ob-
served for isoniazid + RIF + streptomycin and isoniazid
+ RIF + ethambutol + streptomycin, each at 4.51% (see
Table 1).
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Table 1. Drug resistance frequencies of various drug combinations in

treatment-resistant patients with tuberculosis*

Combinations n Drug resistance | Composition ratio
rate (95% Cl) % (n/303)
Any drug resistance — — —
H 166 | 24.13(20.93-27.33) —
R 165 | 23.98 (20.79-27.17) —
E 79 11.48 (9.10-13.86) —_
S 164 | 23.84 (20.65-27.02) —
Monodrug resistance | 143 | 20.78 (17.75-23.82) | 47.19(143/303)
H 39 5.67 (3.94-7.4) 12.87 (39/303)
R 38 5.52(3.82-7.23) 12.54 (38/303)
E 56 8.14 (6.1-10.18) 18.48 (56/303)
S 10 1.45 (0.56-2.35) 3.3(10/303)
Multidrug resistance 99 |14.39(11.77-17.01) | 32.67 (99/303)
H+R 26 3.78(2.35-5.2) 8.58(26/303)
H+R+E 1 1.6 (0.66-2.54) 3.63(11/303)
H+R+S 31 4.51(2.96-6.06) 10.23 (31/303)
H+R+E+S 31 4.51 (2.96-6.06) 10.23 (31/303)
Polydrug resistance 61 8.87 (6.74-10.99) 20.13 (61/303)
H+E 2 0.29 (0.11-0.69) 0.66 (2/303)
H+S 23 3.34 (2-4.69) 7.59 (23/303)
H+E+S 3 0.44 (0.06-0.93) 0.99 (3/303)
R+E 13 1.89(0.87-2.91) 4.29 (13/303)
R+S 1 1.6 (0.66-2.54) 3.63(11/303)
R+E+S 4 0.58 (0.01-1.15) 1.32 (4/303)
E+S 5 0.73 (0.09-1.36) 1.65 (5/303)
Total 303 | 44.04 (40.33-47.75) 100 (303/303)

H - isoniazid; R - rifampicin; E - ethambutol; S - streptomycin;
“—"indicates no corresponding value

Drug resistance distribution among patients with
tuberculosis

Among the 688 patients, 385 were drug-sensitive, 143
were monoresistant, 61 were polyresistant and 99 were
multidrug-resistant. At a significance level of a = 0.05, a
significant difference in the distribution of drug resistance
was found between newly diagnosed and previously treated
patients (x* = 49.620, p < 0.001). There were no significant
differences in the composition ratios of the four drug re-
sistance categories across sex, age groups, ethnicity, patient
types or diagnostic outcome groups (all p-values > 0.05)
(see Table 2).

Analysis of factors influencing drug resistance in
patients with tuberculosis

The multivariate analysis of the logistic regression model
showed that women had a lower risk of developing drug
resistance than men (odds ratio [OR] = 0.68, p < 0.05).
Patients aged 20-40 years had a higher risk of developing
drug resistance than those aged 0-20 years (OR = 2.64,
p < 0.05). Previously treated patients had a higher likeli-
hood of developing drug resistance than newly diagnosed
patients (OR = 2.34, p < 0.05). Hospitalized patients had a
lower risk of developing drug resistance than outpatients
(OR =0.64, p < 0.05) (Figure 1).
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DISCUSSION

The survey revealed that the prevalence of MDR-TB
(14.39%) and overall drug resistance (44.04%) among
patients in the Hulunbuir area of Inner Mongolia sur-
passed the rates reported in a drug resistance survey
conducted among four provinces in northwest China
between 2005 and 2011 (11.29% and 27.90%, respec-
tively) and the national baseline survey (39.12% drug
resistance rate) [7, 8]. These findings indicate a po-
tentially higher drug resistance rate among patients
with TB in the Hulunbuir area compared with other
regions. The survey ranked the drug resistance rates of
various anti-TB drugs as follows: isoniazid (24.13%),
RIF (23.98%), streptomycin (23.84%), and ethambutol
(11.48%). These rankings were highly similar to the re-
ported drug resistance rates of acid-fast bacilli-positive
samples in the Inner Mongolia region, according to
Feng and He. [4]. The high resistance rate for strepto-
mycin is notable, as TB treatment guidelines recom-
mend its limited use. However, current guidelines that
advocate for reduced use of streptomycin may unin-
tentionally withhold a potentially lifesaving, inexpen-
sive and readily available drug from certain patients
with drug-resistant TB. Isoniazid and RIF are the most
commonly used first-line oral anti-TB drugs, noted for
their strong bactericidal effects, antimicrobial activity
and low toxicity [9]. The appearance and progression
of the resistant strain of Mtb depends largely on the se-
lection of genetic mutations, which the Mycobacterium
population exploits under selective pressure to favor
antibiotic resistance. This study’s OR analysis emphasizes
the heightened risk of drug-resistant TB in patients aged
20-40 years and those undergoing retreatment, informing
tailored clinical strategies. These findings provide action-
able insights for healthcare providers to enhance treatment
adherence and outcomes in these high-risk groups.

The virulence of Mtb, genetic factors of the host, HIV
infection, and incomplete treatment of patients all con-
tribute to the outbreak of drug-resistant TB [10]. Studies
have revealed that risk factors for drug-resistant TB include
monotherapy resulting from intermittent treatment, actual
monotherapy due to irrational combination therapy, as well
as insufficient drug concentrations leading to ineffective
treatment [11]. Therefore, in the diagnosis and treatment
of patients with TB, it is crucial to prioritize strict adher-
ence to drug use principles and rational use of anti-TB
drugs, particularly first-line medications.

In this survey, the proportions of monodrug resistance,
MDR and polydrug resistance among newly diagnosed pa-
tients were 21.37%, 6.87%, and 7.12%, respectively, indicat-
ing possible transmission of drug resistance in the commu-
nity [12]. Phenotypic DST is considered the gold standard
for DST in China. However, TB laboratory tests in primary
hospitals mainly consist of time-consuming methods, such
as modified acid-fast staining and acid-fast culture [13,
14]. Current clinical practice relies on early anti-TB treat-
ment principles similar to those for MDR-TB. However,
these treatment regimens lack phenotypic DST results for

www.srpskiarhiv.rs ‘

31



32

Table 2. Analysis of the distribution of drug resistance among patients with different characteristics

Guo H. etal.

appropriate personalized treatment

Drug resistance type strategies based on specific situations,
Characteristics | sensitivity | Monodrug Polydrug Multidrug X P emphasizing the importance of drug
(%) resistance (%) | resistance (%) | resistance (%) guidance to enhance compliance.
Sex Multivariate logistic regression anal-
Male 269(53.06) | 111 (21.89) 49 (9.66) 78(15.38) | 7.049 | 0.070 ysis revealed several independent risk
Female 116 (64.09) | 33 (18.23) 11 (6.08) 21(11.6) factors for drug-resistant TB, consistent
Age (years) with previous research findings [16].
0-19 22(7586) | 4(13.79) 2(69) 1345 |15010| 0091 | Patients aged 20-40 had a 2.64 times
20-39 110(52.38)|  45(21.43) 20(9.52) 35(16.67) h{gﬁerhﬂsk of d<ri ug rem?}?_“ ComlI;’ared
40-59 165(52.05) | 73 (23.03) 29(9.15) 50(15.77) with those aged 0-20. This may be at-
tributed to higher levels of stress, social
60-older 88 (66.67) 22 (16.67) 9(6.82) 13(9.85) activities. and mobility among young
Ethnic group and middle-aged patients, resulting in
Han 326 (56.5) 120 (20.8) 52(9.01) 79 (13.69) 1.775 | 0.620 lower treatment Compliance Another
Mongolian 59 (53.15) 24(21.62) 8(7.21) 20(18.02) reason is the relatively poor physical
e fitness to resist TB infection, which
new 254(6463) | 84(21.37) 27 (6.87) 28(7.12)  [49620| <0001 | leads to prolonged disease [17]. This
retreatment (41432” 60 (20.34) 33(11.19) 71 (24.07) method was used for data collection in
= : this study because of the high feasibility
e . 1. . .
— and validity of convenience sampling,
Outpatients 68 (50.37) 31 (22.96) 17 (12.59) 19 (14.07) 4.168 | 0.244 but selection bias resulting from the use
Inpatients 317(57.32) | 113(20.43) 43(7.78) 80 (14.47) of convenience sampling is a possible
RiagNoss explanation for this result. The risk of
fl:‘k')’:rgﬂfgg’ls 380(55.96) | 141(20.77) 60 (8.84) 98 (14.43) — | o788 | drugresistance is also higher in previ-
Extrapulmonary ously treated patients with pulmonary
tuberculosis 5(55.56) 3(3333) 000 111 TB compared with newly diagnosed
“—"represents the use of the Fisher exact probability method to calculate precise probabilities patlents’ pOtentlaHY due to factors such
without calculating the x* value as insufficient professional knowledge,
improper medication, self-discontinua-
) OR (95%CT) P tion of treatment or treatment failure in
Type D—F the initial stages [18]. Additionally, out-
( Reference: Outpatients) . 0.64(0.43~0.95) 0.028 patients un dergoing follow—up have a
Ratoreoet Han) 1 HH L11(0.73~1.71) 0623 higher risk of drug resistance compared
New versus retreatment cases with hospitalized patients, which may
Y 1 ! e 234(1.70~322) <0.001 X
( Reference: New) : be due to the non-adherence of patients
Chotorence: Maie) 1 e 0.68(0.47~0.98) 0038 | to their 6-month therapy and/or a lack
doyears i . { 2.64(1.05~6:60) oosg | of physicians in therapy management.
elerence: A~=0years : Another cause may be that some pa-
( Referance: 0~20 years) ] F ® ‘ 23%096~391) 0061 tients who require hospitalization may
60~ years i ® 1.43(0.55~3.72) 0.459 exhibit weaker willingness to partake in
et : it, leading to poor compliance among
T T T 1
0 2 4 6 8 outpatients. This emphasizes the impor-
OR tance of improving patient cooperation

Figure 1. Multivariate analysis of a tuberculosis patient in a logistic regression model

other drugs. Consequently, when resistance to these drugs
arises, it significantly impacts treatment efficacy and prog-
nosis. Additionally, the results reveal that drug-resistant TB
patients in the Hulunbuir area are distributed differently
between newly diagnosed and previously treated patients.
Several studies have demonstrated that drug resistance pat-
terns vary between newly diagnosed and previously treated
patients, potentially due to differences in drug exposure
history and patient compliance [15]. Therefore, it is crucial
to consider the characteristics of these patient populations
in the clinical diagnosis and treatment process and select

‘ DOI: https://doi.org/10.2298/SARH240520001G

during outpatient follow-up.

Among newly diagnosed patients,
male sex, age 20-40 years, and outpa-
tient follow-up were identified as risk
factors for drug resistance. In the retreatment group, risk
factors included male sex, age 20-40 years and a prior
history of treatment failure or relapse. These findings
highlight the importance of tailoring interventions and
management strategies based on each patient’s treatment
history and specific risk factors.

When compared to international data, our results are
particularly striking. A global analysis by the World Health
Organization (2023) reported a lower worldwide average for
drug-resistant TB, indicating that Inner Mongolia, and par-
ticularly the Hulunbuir region, may be a hotspot for drug
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resistance. The high resistance to isoniazid and rifampicin,
observed in our study, mirrors the findings of Shabani et
al. [9], who noted the increasing prevalence of resistance to
these cornerstone anti-TB medications. In contrast, a study
by Magotra et al. [13] reported lower resistance rates but
noted the importance of personalized treatment strategies,
which is also a key takeaway from our study. The need for
tailored interventions is further emphasized by the high
resistance rates to ethambutol, isoniazid, and rifampicin,
which are consistent with the patterns reported by Feng et
al. [15] in a study on drug sensitivity in Xian, China.

This study in Hulunbuir, Inner Mongolia, uniquely re-
vealed high rates of drug resistance to ethambutol, isonia-
zid, and RIF among patients with TB, emphasizing the need
for tailored treatment strategies in the region. Additionally,
it identified social support and physical function as critical
factors influencing resistance patterns, underscoring the
importance of a holistic approach to combat drug-resis-
tant TB. This study’s findings prominently indicate that
healthcare providers urgently need to adopt individualized
treatment strategies that take into account the specific pat-
terns of drug resistance observed in the region. This may
include revised guidelines for the initial and ongoing treat-
ment of TB, with a focus on more effective drug regimens
and stricter monitoring of patient adherence. From a public
health perspective, the findings highlight the importance
of strengthening surveillance systems for drug resistance
trends and of informing policy decisions. There is a clear
need for targeted public health campaigns to raise aware-
ness about the dangers of drug-resistant TB and the impor-
tance of completing the full course of medication.

Limitations

1. This analysis lacked detailed information on disease
progression, treatment methods and certain laboratory
test results, which warrants further research.
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2. The molecular correlation could be further studied,

and the evaluation index of patients should be im-
proved.

3. Due to the use of pre-existing data, retrospective

studies may lack certain specific information that
was not fully documented in past records.

CONCLUSION

The drug resistance spectrum exhibited diversity and
complexity, with variations in the distribution of drug re-
sistance between newly diagnosed and patients who were
treated again. Specifically, for male patients, especially
those aged 20-40 years, and patients under outpatient
follow-up, it is crucial to strengthen health education, im-
prove healthcare insurance systems and enhance patient
management models to improve compliance.
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Cryauja npeceka 0 GaKTOpMMa KOju YTUUY Ha pe3UCTEHLU]Y HA IeKOBE KNMHUYKKX
y3opaka Mycobacterium tuberculosis y Xynynbyunpy, YHyTpawtra MoHronuja

XymbyH yo', JaHhuH Jy', Hunhin Xao', JlaH LlaHr!, MuHrjyaH Xao?

'MepuumHckm Konel) y baotoyy, LLIkona jaBHor 3apaBsba, baotoy, YHyTpalba MoHronuja, Kuta;
*[ipyra HapopaHa 6onHuLa y XynyH6ywmpy, 3aepaoHr, YHyTpalurba MoHronuja, Kuxa

CAXETAK

YBoa/Lium Linms oBe cTyauje 6o je pa nobosblua pasymeBatbe
pe3sucTeHymje TybepKynose Ha IeKoBe CpoBoherem peTpo-
CMEeKTVBHE aHanV3e KNMHNYKMX NnofaTtaka 6onecHuKa ca Tybep-
Kynosom y XynyHbywupy, YHyTpaluria MoHronuja, npukynsbeHrx
n3mehy 2015. 1 2017. rognHe.

Metope Ctyauja je ykibyumBana peTpoCneKTUBHY aHanusy
KIMHUYKMX NopaTaka 6onecHrKa ca Tybepkynosom. Mogawm
cy KopuwwheHn 3a ogpehuBame cTeneHa pesncTeHumje Ha no-
jeauHauHe nekoBe (yk/byuyjyhn eTambyTon, N3oHWasug, pu-
damnuumH n ctpentomuumH). CTyamja je Takohe ncnutreana
CTOMeE BULIECTPYKE Pe3nCTEHLMje Ha KOMOMHaLMje NNEKOBA,
noce6Ho N3oHWa3ung + pudamnuLmnH + CTPENTOMULIVH 1 U30-
HWasng + prdamnuuyH + etambyTon + ctpenToMumH. YpaheHa
je MynTuBapujaHTHa IorMyKa perpecrioHa aHanmsa aa 6u ce
npoLeHunu GakTopy pusrka NoBE3aHU ca Pe3nCTEHLjOM Ha
NeKoBe, yKIbyuyjyhn non, ctaTyc xocnuranusavyje, CTapocT 1
NpeTxofAHa neyema.

Pesyntatu Pesyntati cy nokasanu fja cy ctone pesucreHuuje
Ha KOMOUHaLMje NIeKOBa, Tj. BULLECTPYKe pe3ncTeHLmje 3a 0be
KomburHauwje, bune 4,51%, wro je Hajeeha cTona mehy fo cafa
aHanusvpaHMm KombuHauujama. ErambyTon, usoHnasug u pu-
bamnuumH UManu cy Hajyyectanuje TpU cTore pesncteHumje

DOI: https://doi.org/10.2298/SARH240520001G

mebhy cBUM n3onatuma. 3onatn og 6onecHuka Koju cy 6unu
MOABPrHYTU NOHOBHOM Jleyetby nokasanu cy Behe ctone pesu-
CTeHUVje Ha jefjaH NeK, BULLIECTPYKe pe3ncTeHLmje N pe3ncTeH-
LMjy Ha BuLLe NleKoBa y nopehery ca oHMMa Koju Cy npumManu
Tepanwujy npsu nyT. MynTuBapujaHTHa IorMyka perpecruoHa
aHasnM3a je Mokasana Aa Cy KeHe y MatbeM PY31Ky O pa3Boja
pe3vncTeHLyje Ha nekoBe of MyLuKapaua. Mopep Tora, yTephe-
HO je Jja XoCnUTanM30BaHU 6onecHNLM UMajy Maky PU3NK OF
nojase pe3ncTeHLuje Ha NekoBe y nopehetby ca ambynaHTHUM
6onecHnumma. Ctyauja je upeHTrdrKoBana ctapoct namehy 20
1 40 roguHa 1 NOHOBHY Tepanujy Kao 3HauajHe GpakTope pr3nKa
3a pa3Boj TyOepKyno3e pe3niCTEHTHe Ha NIeKOoBe.

3aksbyuak OBa CTynvja je nokasarna Aa je y pervioHy XynyHoyup
y YHyTpawH0j MoHronvjy nocrojana npuMeTHa pe3ncteHumja
Ha nekose mehy 6onecHuLmMa ca TybepKyno3om, a ca cneuy-
druHUM femorpadckmm GpakToprima 1 GakToprima MPETXOAHOT
neyerba Kojy AONPUHOCE Pa3Bojy pe3ncTeHuyje. Hanasu Harna-
LaBajy BaXXHOCT pa3mMaTtpatba OBUX (paKkTopa y pa3Bojy LiibaHNxX
CTpaTeruja neyetba 1 jaBHO3APABCTBEHE NONUTUKE 33 6opOy
NpoTuB Ty6epKynose pe3ncTeHTHe Ha JIeKoBe.

KmyuHe peun: Mycobacterium tuberculosis; peaucteHumja Ha
neKoBe; pakTopu Of 3Hauaja
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Brucella-induced activation of AIM2 inflammasome
and Caspase-1 enhances Interleukin-18 secretion in
THP-1 cells

Yupu Li', Zhaojing Zhang', Pengfei Zhao', Pengfei Qiao?

'Inner Mongolia Medical University, Hohhot, Inner Mongolia, China;
ZAffiliated Hospital of Inner Mongolia Medical University, Department of Imaging Diagnosis, Hohhot,
Inner Mongolia, China

SUMMARY

Introduction/Objective The purpose was to investigate the role of the inflammasome absent in mela-
noma 2 (AIM2) in Brucella-induced inflammatory responses in macrophages.

Methods A cell model of Brucella infection was established using a human macrophage cell line. Real-time
quantitative polymerase chain reaction (RT-qgPCR) and enzyme-linked immunosorbent assay (ELISA) kits
were employed to measure the expression of the inflammasome AIM2 and the inflammatory cytokine
Interleukin-18 (IL-18) at different time points post-infection, as well as to analyze the correlation between
AIM2 and IL-18. Experiments involving the activation and inhibition of AIM2 were conducted to verify
its effect on the production of the cytokine IL-18. Western blotting was conducted to determine the
expression of AIM2 and IL-18.

Results It is found that IL-18 mRNA and concentration levels increased post-infection, peaking at 48
hours before decreasing by using RT-gPCR and ELISA (p < 0.05). Western blot analysis confirmed a similar
temporal pattern for IL-18 protein expression (p < 0.05). Additionally, AIM2 and Caspase mRNA and protein
expression were evaluated, showing a peak at 48 hours (p < 0.05), indicating inflammasome activation.
The critical role of the AIM2 inflammasome and caspase-1 in IL-18 secretion was further demonstrated
with AIM2 activators, which increased IL-18 mRNA and protein levels, and AIM2 inhibitors or Caspase-1
knockout, which reduced them (p < 0.05).

Conclusion Brucella infection induces the activation of the AIM2 inflammasome and caspase-1, leading

to the secretion of the pro-inflammatory cytokine IL-18 in THP-1 cells.
Keywords: brucellosis; macrophage; AIM2; caspase-1; IL-18

INTRODUCTION

Human brucellosis is a zoonotic infectious
disease caused by Brucella infection, which is
widespread globally, with more than 500,000
new cases of human brucellosis reported by
the World Health Organization annually [1,
2]. Human brucellosis is characterized by early
nonspecific flu-like symptoms. Without timely
antibiotic treatment, chronic infection may fol-
low, leading to debilitating sequelae, including
recurrent fever, osteomyelitis, arthritis, neu-
rologic symptoms, and endocarditis [3]. The
interaction between Brucella infection and the
host immune response is key to the pathogen-
esis of the disease. Clarifying the pathogenic
mechanisms of Brucella is crucial for the ef-
fective prevention and control of brucellosis;
however, these mechanisms have not been well
characterized.

The genus Brucella comprises gram-negative
bacteria that cause disease in the host by sur-
viving and replicating inside cells, primarily
targeting macrophages, dendritic cells, and
trophoblasts [4]. Macrophages are the first cel-
lular barrier against external danger signals to
the body. Studies have shown that the survival
of Brucella within macrophages is due to its

ability to modulate innate and adaptive immune
signaling pathways. Macrophages employ various
defense mechanisms, including phagocytosis,
antigen presentation to immune effector cells,
and inflammasome activation, and play a pivotal
role in both inflammatory and chronic diseases.
Macrophages are described as the primary cells
expressing genes for inflammasomes, whose
activation contributes not only to the secretion
of pro-inflammatory cytokines but also to the
induction of pyroptosis [5-8].

The innate immune system is the body’s
first line of defense [9]. It can recognize vari-
ous endogenous and exogenous stimuli in the
body through pattern recognition receptors,
including pathogen-associated molecular pat-
terns and danger-associated molecular patterns,
and activate further immune responses [10, 11].
Inflammasomes are multi-protein complexes
formed by the participation of pattern recogni-
tion receptors [12]. The absent in melanoma
2 (AIM2) inflammasome is one of the most
studied and best described groups, acting as a
cytosolic dsDNA sensor [13]. Upon host infec-
tion by bacteria, viruses, fungi, and parasites, the
AIM2 inflammasome is typically activated. As
an important cellular macromolecular signal-
ing platform, the inflammasome converts the
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precursor of caspase-1 into active caspase-1, promoting
the maturation and secretion of inflammatory cytokines:
interleukin-1  (IL-1pB) and IL-18, while the activators also
participate in the formation and cleavage of Gasdermin D,
directly mediating pyroptosis [14, 15, 16]. Although the
AIM2 inflammasome plays a critical protective role when
the body is infected with viruses or bacteria, studies have
shown that its overactivation causes damage to normal
cells. The body has negative regulatory mechanisms for the
activation of the AIM2 inflammasome that keep cells in a
dormant state when not stimulated. Therefore, regulating
the activation of the AIM2 inflammasome is key to control-
ling inflammatory responses and pyroptosis, enhancing
the body’s defenses, and reducing harm to the body. In
recent years, the impact of AIM2 inflammasome-mediated
pyroptosis on disease has received increasing attention,
with scant research in the context of brucellosis. Thus, we
undertook this work, using human-derived macrophage
lines to explore the regulation of the AIM2 inflammasome
and inflammatory cytokines during Brucella infection.

METHODS
Main materials and reagents

Human monocyte-derived macrophage line (THP-1 cells),
Brucella suis strain M28, Roswell Park Memorial Institute
(RPMI) medium or RPMI 1640, Brucella IL-18 enzyme-
linked immunosorbent assay (ELISA) kit, Brucella total
RNA extraction kit.

Establishment of the Brucella cell infection
model

The Brucella cell infection model was established in a P3
laboratory. Human monocyte-derived THP-1 cells were
cultured in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal bovine serum, 1 mM pyruvate, 1%
glutamine, 1% sodium pyruvate, and 1% penicillin/strep-
tomycin. Cells were seeded at a density of 5 x 10° cells/well
in a six-well plate and maintained at 37°C in a humidified
5% CO, incubator. Human-derived macrophages (THP-1)
were infected with Brucella strains at various multiplicity of
infections and cells were harvested at different time points
(0, 24, 48, 72 hours).

Real-time quantitative polymerase chain reaction
(RT-qPCR) for cytokine and inflammasome AIM2
expression levels

First, total RNA was extracted and purified from THP-1
cells using a total RNA extraction kit according to the manu-
facturer’s instructions. RNA concentration and purity were
measured with a spectrophotometer, and RNA integrity was
assessed by agarose gel electrophoresis. RNA samples that
passed quality control were used immediately for reverse
transcription or stored at -80°C. Second, qualified RNA
samples were reverse transcribed into cDNA using reverse

‘ DOI: https://doi.org/10.2298/SARH241119015L
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transcriptase according to the manufacturer’ instructions.
Next, RT-qPCR reaction was performed. PCR primers
were designed based on the published human AIM2 and
caspase-1 gene sequences using Primer software. For the
RT-qPCR reaction, cDNA was mixed with PCR master mix
and aliquoted into tubes containing the primers. The final
reaction volume was 20 uL, including 10 uL of PCR master
mix, 0.8 uL of forward primer (10 M), 0.8 pL of reverse
primer (10 uM), 0.4 pL of ROX reference dye, and 2 pL of
cDNA solution. Each gene in each sample was tested in
triplicate. Tubes were gently mixed and briefly centrifuged
to ensure that all components were at the bottom. The
reaction mixture was then placed in RT-qPCR instrument
for amplification according to the manufacturer’s protocol.
Finally, the relative mRNA expression levels were calculated.
Ct values were automatically generated by the RT-qPCR
instruction analysis software. Relative expression of mRNA
levels was calculated using the 2-AACt method. The PCR
primers involved in this study are listed in Table 1.

Table 1. Primer sequences of genes detected by RT-qPCR

Gene Primer sequences

AIM2 F-TATCGGCACAGTGGTTTCTTAGAGG
R-GGGCTGAGTTTGAAGCGTGTTG
F-CCCACATCCTCAGGCTCAGAAG
R-TGCGGCTTGACTTGTCCATTATTG
IL-18 F-TGGCTGCTGAACCAGTAGAAGAC
R-GAGGCCGATTTCCTTGGTCAATG
F-TGCACCACCAACTGCTTAGC
R-GGCATGGACTGTGGTCATGAG

RT-gPCR - real-time quantitative polymerase chain reaction;
AIM2 - absent in melanoma 2; IL-18 - interleukin-18;
GAPDH - glyceraldehyde 3-phosphate dehydrogenase

Caspase-1

GAPDH

ELISA for IL-18 secretion cytokine levels

To quantify secreted cytokines, supernatants were collected
from the 6-well plates and stored at -80°C. An ELISA kit
was used to measure cytokine levels according to the manu-
facturer’s instructions. After the reaction, a standard curve
was plotted using a spectrophotometer, and the absorbance
was measured to determine the level of the cytokine IL-18
in the serum samples.

Western blotting

Total protein of each cell group was extracted with RIPA
lysate, and protein concentration was quantified using BCA
protein concentration assay kit. Take 50 pg protein samples
were separated by SDS-PAGE electrophoresis, and then wet
transferred to PVDF membrane, 5% skimmed milk powder
was sealed at room temperature for two hours. Diluted
primary antibody was added respectively and incubated at
4°C overnight. The next day, the membrane was incubated
with horseradish peroxidase-labelled secondary antibody
at room temperature for two hours. The membrane was
washed three times with tris-buffered saline with 0.1%
Tween® 20 detergent. The enhanced chemiluminescence
ultrasensitive chemiluminescent solution was added for
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exposure in a gel imaging analysis system, and the gray
values of the bands were measured by Image J software
(Bethesda, MD: U.S. National Institutes of Health).

Data statistics

Data was analyzed using GraphPad Prism (GraphPad
Software, San Diego, CA, USA) and presented as mean +
standard deviation (mean + SD). Comparisons between
the two groups were made using the independent samples
t-test and between multiple groups using one-way ANOVA,
with p < 0.05 being considered a statistically significant
difference.

This work was approved by the Biomedical Research Ethics
of Inner Mongolia Medical University (YKD202401097).

and 72 hours). The results showed that the expression of
IL-18 in HP-1 cells increased in a time-dependent man-
ner. At 48 hours, the protein expression of IL-18 in HP-1
cells reached a maximum (p < 0.05), as shown in Figure 2.

Analysis of inflammasome AlM2-related gene
expression at different time points after THP-1 cells
were infected with Brucella

After inoculation with Brucella, RT-qPCR was used to
measure the relative expression of AIM2 and Caspase-1
mRNA at different time points. As shown in Figure 3A,
the mRNA expression of cytokines AIM2 and Caspase
changed over time after inoculation with Brucella. gradu-
ally increased over time and reached a peak at 48 hours

RESULTS

IL-18 mRNA levels and concentrations at
different time points after THP-1 cells were
infected with Brucella

After THP-1 cells were inoculated with Brucella,
RT-qPCR and Elisa were used to evaluate the mRNA
expression of the cytokine IL-18 at different time
points. As shown in Figure 1A, it was observed that
the mRNA expression of the cytokine IL-18 gradu-
ally increased over time after bacterial inoculation
but began to decrease after 48 hours (p < 0.05).
Likewise, as shown in Figure 1B, ELISA testing of
the supernatant revealed that the concentration
of the cytokine IL-18 increased significantly until
reaching a peak at 48 hours and then began to de-
crease (p < 0.05).

Differences in IL-18 protein expression at
different time points after THP-1 cells were
infected with Brucella

To clarify the expression of IL-18 protein in THP-1
cells caused by Brucella infection, Western blotting
was used to detect the protein expression of IL-18
in THP-1 cells at different time points (0, 24, 48,
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Figure 1. Expression of interleukin-18 (IL-18) at different time points after human mono-
cyte-derived macrophage line (THP-1 cells) were infected with Brucella; A - relative
expression of IL-18 mRNA in THP-1 cells after infection with Brucella; B — concentration
of IL-18 in THP-1 cells after infection with Brucella;

compared to control p < 0.05
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Figure 2. The secretion concentration of interleukin-18 (IL-18) at different time points
after THP-1 cells were infected with Brucella; GAPDH - glyceraldehyde 3-phosphate
dehydrogenase;

compared to control p < 0.05
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Figure 3. Relative levels of absent in melanoma 2 (AIM2) and Caspase-1 genes at different time points after human monocyte-derived macro-
phage line (THP-1 cells) were infected with Brucella; A - relative levels of AIM2 and Caspase-1 genes after THP-1 cells were infected with Brucella;
B-C - relative protein expression of AIM2 and Caspase-1 in THP-1 cells after infection with Brucella; GAPDH - glyceraldehyde 3-phosphate

dehydrogenase;
compared to control p < 0.05
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AIM2 and Caspase-1; C-D - changes in relative protein expression of IL-18 after interfering with
the expression of AIM2 and Caspase-1; GAPDH - glyceraldehyde 3-phosphate dehydrogenase;

compared to control p < 0.05

(p < 0.05). As shown in Figure 3B-3C, Western blotting,
after infection with Brucella, the relative protein expression
of AIM2 and downstream caspase-1 genes in THP-1 cells
reached a peak at 48 hours and then declined (p < 0.05).
The results showed that the expression levels of AIM2
receptor and downstream caspase-1 activating genes in-
creased early in infection, reached a peak after 48 hours,
and gradually decreased.

Caspase-1 mediates the secretion of Cytokine IL-18

To confirm the role of inflammasome AIM2 in regulating
cytokine secretion, THP-1 cells infected with Brucella were
treated with AIM2 activators and inhibitors. Given the criti-
cal role of caspase-1 in classical inflammasome-mediated
secretion of pro-inflammatory cytokines, we conducted
gene knockout experiments to verify the role of caspase-1.
RT-qPCR results found that treatment with AIM?2 activator
led to an increase in the relative expression of the cytokine
IL-18 mRNA. On the contrary, after treatment with an AIM2
inhibitor and Caspase-1 knockout, the mRNA expression of
IL-18 increased. The relative expression of mRNA decreased
(p < 0.05), as shown in Figure 4 A. ELISA test found that
the release concentration of cytokine IL-18 increased sig-
nificantly after AIM?2 activator treatment (p < 0.05), while
after AIM2 inhibitor treatment and Caspase-1 knockout, the
secretion level of cytokine IL-18 was decreased compared
to the control group (p < 0.05), as shown in Figure 4 B.
Western blotting results showed the same trend, as shown
in Figures 4 C-D. The above results indicate that Brucella
activates caspase-1 by activating inflammasome AIM2,
thereby inducing the secretion of IL-18.

DOI: https://doi.org/10.2298/SARH241119015L

cells, thereby initiating the adaptive im-
mune response and serving as a bridge
between innate and adaptive immunity.
AIM2, a recently identified inflammasome
receptor, is a member of the hematopoietic
interferon-inducible HIN200 protein family.
It binds to DNA through the HIN200 domain and forms a
complex with ASC to initiate caspase-1, which promotes
secretion of the cytokines IL-1f and IL-18 [18]. Studies
have shown that the AIM2 inflammasome pathway is criti-
cal for host detection of stealth bacterial pathogens such
as Brucella, which lack highly stimulatory ligands such as
flagellin proteins and classical lipopolysaccharides. Due
to the heterogeneity of tissue cells, the inflammatory cell
necrosis induced by the inflammasome may have both
promoting and inhibitory effects.

In present study, we characterized the role of the AIM2
inflammasome in induction of macrophage inflammatory
responses to Brucella using human macrophage cell lines.
By monitoring IL-18 production, we revealed the important
role of AIM2 in the mediating of caspase-1 activation and
IL-18 production in macrophages.

Currently, IL-18-mediated inflammation is mainly
studied in animal models of bacterial, viral, parasitic, and
fungal infections. The immune microenvironment shaped by
IL-18 can further induce the differentiation of naive T cells
into effector and memory T cells, activating the adaptive
immune response and playing an important biological role
in inflammation-related diseases. The study by Lin et al.
[19] investigated the relationship between caspase-1-related
inflammasome expression and serum inflammatory cytokine
levels during acute brucellosis. In the acute phase of the
disease, the inflammasomes are fully activated, inducing
cytokines such as IFN-y and IL-18, thereby triggering a
cellular immune response. Our research also indicates
that the production of IL-18 increases in the early stages
of Brucella infection, which may be a crucial mechanism
in the acute phase inflammatory response. We hypothesize
that during the transition to the chronic phase of brucel-
losis, excessive production of IL-18 may lead to increased
inflammatory burden and tissue damage, with deleterious
consequences for the host. However, our results show that
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the IL-18 secretion begins to decline 72 hours after Brucella
infection. According to the 2019 Brucella guidelines, a
diagnosis of chronic brucellosis is only confirmed after
at least six months. Therefore, future experiments could
extend the infection period to observe changes in IL-18
secretion to verify our hypothesis.

Studies have confirmed that the expression of the AIM2
inflammasome is increased in patients with systemic lupus
nephritis and psoriasis, suggesting that the AIM2 inflam-
masome may be involved in autoimmune diseases [20,
21]. By measuring the expression of the AIM2 inflamma-
some at different time points during Brucella infection,
we found a significant increase in AIM2 expression in the
early stages of infection. We then treated Brucella-infected
macrophages with AIM2 inflammasome activators and
inhibitors. Compared to normal conditions, treatment with
activators increased the release of the cytokine IL-18, while
inhibitors significantly reduced it. These results confirm the
important role of the AIM2 inflammasome in regulating
the secretion of cytokine IL-18, and its involvement in the
immune response to Brucella. By recognizing foreign or
intracellular dsDNA, AIM2 triggers inflammasome activa-
tion, leading to the release of pro-inflammatory cytokines
such as IL-1p, IL-18, and the induction of a heat metas-
tasis response. In addition, AIM2 interacts with signaling
pathways independent of inflammasome activation, such
as AKT and NF-kB, to regulate cancer progression [22],
which is consistent with our findings.

The upregulation of AIM2 and IL-18 expressions in
the early stages of infection, followed by a downregula-
tion after 72 hours, and the positive correlation between
AIM2 expression and IL-18, may be attributable to the
early recognition of Brucella by the AIM2 receptor. The
pathogen is initially controlled through the generation of
inflammatory cytokines. However, as the disease progresses
into the chronic phase, Brucella may employ mechanisms
to suppress or downregulate the AIM2 receptor response
to evade clearance by the host immune system. In a re-
search conducted by Su et al. [23] of patients with acute
and chronic brucellosis, it was found that gene expression
levels of the AIM2 receptor were higher in the acute-phase
group than in the healthy control group, and lower in the
chronic phase group, highlighting the significant role of
the inflammasome AIM2 in the pathogenesis and develop-
ment of brucellosis.

The inflammasome AIM2, upon binding to the precur-
sor of caspase-1, facilitates the cleavage and activation of
caspase-1. Activated caspase-1 promotes the production
and secretion of IL-1f and IL-18, and can also cause cell
membrane rupture, leading to the release of intracellular
inflammatory cytokines and triggering a robust inflam-
matory response [24]. Using caspase-1 knockout experi-
ments, we discovered that caspase-1 plays a critical role
in the generation of IL-18, which is essential for the early
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innate immune response to Brucella infection. Fernanda
and others have investigated the role of NLRP3 and AIM2
in inflammasome activation following Brucella infection
and have shown that after Brucella infection of glial cells,
it is predominantly the NLRP3 and AIM2 inflammasomes
that coordinate to induce caspase-1 activation and cytokine
secretion [25]. It is believed that the activation of the in-
flammasome AIM2 and caspase-1 plays an important role
in the generation of the inflammatory response.

Limitations of the study

Based on our study findings, we hypothesize that the transi-
tion of brucellosis to its chronic phase may be due to the
activation of AIM2, which triggers the overproduction of
cytokines, leading to tissue damage. These insights and
understandings pave the way for further investigation
into the pathogenic mechanisms of Brucella, which will
contribute to the development of novel therapeutic strat-
egies. However, present research has its limitations; as a
multifactorial disease, focusing solely on a single inflamma-
some within brucellosis does not provide a comprehensive
picture, and a more holistic approach to the disease is
warranted. It should also be noted that the role of AIM2
has been primarily studied in animals, and the impact on
the immune capabilities of other human organs and tissues
has not been thoroughly investigated. Emphasis on the
local suppression of excessive and persistent activation of
various inflammasomes may represent a future therapeutic
direction for the treatment of brucellosis.

CONCLUSION

Brucella infection induces the activation of the AIM2 in-
flammasome and caspase-1, leading to the secretion of the
pro-inflammatory cytokine IL-18 in THP-1 cells.
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AKtuBauuja nHpnamasoma AIM2 v Kacnase-1 u3assaHa 6pyuenom nosehasa

cekpeunjy UN-18 y THP-1 hennjama
Jyny Jn', LlaohuHr LlaHr!, MeHrdej Llao’, NMeHrdej hnao?

'MeaununHCKI yHUBep3uTeT YHyTpallbe MoHronuje, Xoxor, YHyTpalukba MoHronvja, Kua;
pnapyxeHa 6onHMLa MegnUUHCKOT YHUBep3UTeTa YHyTpaLutbe MoHronuje, Onerberbe 3a CIMKOBHY AWjarHOCTHKY, XOXOT, YHyTpalutba

MoHronuja, Kuna

CAXETAK

YBoa/Uum Linsb oBor nctpaxumsarba 6110 je aa ce ucnura ynora
nHdNamasoma ofcyTHor y menaHomy 2 (AIM2) y nidnamatop-
HOM OAroBopYy Makpodara 13a3BaHoM UHdEKLMjom bpyLienom.
Metoge Mogen uHdekumje henwvja 6pyLeiom ycrnocTaBIbeH je
Kopuwherem rbyacke MakpodarHe henvjcke nuHuje. KBaHTU-
TaTMBHA NonMMepa3Ha naHyaHa peakuuja (RT-gPCR) n eH3nm-
CKI NoBe3aHu NMyHOCop6eHTHY TecT (ELISA) KopuiwheHm cy 3a
Mepetbe ekcrpecuje nHdnamasoma AIM2 n nHdnamatopHor
LIMTOKMHA MHTepneyknHa-18 (MJ1-18) y pa3nnuntum nHTepBsa-
nvMa nocne nHeKLuje, Kao 1 3a aHanu3y Kopenawyje usmehy
AIM2 n WJ1-18. CnpoBefeHn Cy eKCnepuMeHTy akTuBaLuje n
nHXn6MLMje AIM2 Kako 61 ce NCTpaxuna Heroga ynora y npo-
ayKumju umtokuHa UI1-18. 3a ogpehriBare ekcrnipecuje AIM2 n
11-18 kopuwheHa je meToaa BectepH 6110T.

PesynrtaTtu YTBpheHo je aa cy Husom MPHK /1-18 1 ierosa
KOHLieHTpaLja noBehaHu nocne nHpeKLyje, LOCTUraBLLM MaK-
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CMyM nocre 48 caTu, Mpe Hero LUTO Cy ce CMak UK, LITO je no-
TBphHeHo RT-gPCR n ELISA Tectom (p < 0,05). AHanu3om BectepH
610T NoTBpheH je cnnyaH BpeMeHCKy obpasal ekcrpecuje npo-
TenHa W1-18 (p < 0,05). logaTHo, ucnutaHm cy H1usou MPHK
1 ekcnpecuja npoterHa AIM2 v Kacnase-1, Koju cy AOCTUMN
BpXyHaL, 48 catu nocne nHdekuuje (p < 0,05), WTO yKasyje Ha
aKTuBauujy nHpnamasoma. KrbyuHa ynora nidnamasoma AIM2
1 Kacnase-1y cekpeumju W1-18 gpopaTHo je notBpheHa, jep je
akTuBauuja AIM2 posena go nosehata H1Boa MPHK 1 npo-
TevHa W1-18, nok cy nHxubuumnjom AIM2 nnn nHakTBaLvjom
Kacnase-1 T HUBOW CMareHMU (p < 0,05).

3akrpyuak VHdeKkupja 6pyLienom n3asmea akTueauujy MHGna-
ma3zoma AIM2 n Kacnase-1, UTO AOBOAM A0 CEKpeLmje NPOnH-
¢dnamatopHor yutokrHa W-18 y THP-1 henunjama.

KmbyuHe peun: 6pyLienosa; makpodar; AIM2; kacnasa-1; UJT-18
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The predictive role of tumor infiltrating lymphocytes
and pathohistological parameters for the occurrence
of metastases in the clinical NO neck of early-stage
oral squamous cell carcinoma

Milo$ Trajkovi¢', Dragan Krasi¢'?, Tatjana Jeftovi¢ Stojmenov? Nikola Zivkovi¢'?,
Predrag Radovic'?, Milo$ Stojanovi¢', Simona Stojanovi¢**
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2University of Ni$, Faculty of Medicine, Nis, Serbia;
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SUMMARY

Introduction/Objective With 337,173 registered cases worldwide in 2020, oral squamous cell carcinoma
is the most common malignant tumor of the head and neck region. The status of lymph nodes in the neck
is the most important isolated prognostic factor for the five-year survival of patients. This study aimed to
determine the pathohistological predictors of the occurrence of occult neck metastases in early-stage
oral squamous cell carcinoma.

Methods The study included 40 patients (mean age 62.8 + 10.7) with early-stage oral squamous cell
carcinoma and clinical NO findings in the neck. All patients underwent radical transoral tumor ablation
and elective neck lymphadenectomy. Based on pathohistological findings, the patients were divided into
two groups: a group with occult metastases present and a group without occult metastases.

Results Occult metastases were present in 13 patients (32.5%). The results indicate a significant differ-
ence in the desmoplastic reaction of the stroma (p < 0.001), depth of invasion (p < 0.001), lymphocytic
infiltration (p < 0.001), and lymphovascular invasion in univariate (OR 24, p = 0.004) and multivariate
(OR 32.713, p =0.017) logistic regression analyses in the group with occult metastases compared to the
group without metastases.

Conclusion The values of the analyzed pathohistological predictors indicate a high degree of correlation
with the occurrence of occult metastases in the neck. Their predictive significance strongly supports
including these parameters as part of the standard pathohistological examination of oral squamous
cell carcinoma.

Keywords: oral squamous cell carcinoma; occult metastases; pathohistological analysis; surgical treat-
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INTRODUCTION

With 337,713 registered cases worldwide in
2020, oral squamous cell carcinoma (OSCC) is
the most common malignant tumor of the head
and neck region [1]. Given that it accounts for
up to 90% of the total number of intraoral ma-
lignant tumors, it is by far the most common
intraoral malignancy [2]. Aggressive behavior
towards the surrounding anatomical structures
and their rapid infiltration, early appearance of
metastases in the neck, and frequent recurrence
are some of the key clinical characteristics of
OSCC. The five-year survival rate of early-stage
OSCC patients varies from 80-90%, in contrast
to advanced forms characterized by a five-year
survival of 30-50% [3]. The fundamentals of
OSCC treatment include radical tumor abla-
tion, neck lymphadenectomy, adequate recon-
struction of the resulting defect, and postopera-
tive oncological therapy.

The status of lymph nodes in the neck
(LNs) represents the most important isolated

prognostic factor for the survival of patients
with OSCC. The presence of metastases in the
neck significantly reduces the five-year survival
of patients to below 50% [4]. The treatment of
NO neck in the early stages of OSCC (pT'1-NO-
MO and pT2-N0-MO) is still the subject of
many debates in head and neck surgery with-
out a clearly defined viewpoint for conducting
elective neck lymphadenectomy (END) or the
so-called watchful-waiting method, i.e., the
observation of patients. The presence of oc-
cult metastases (OM) in the range of 16-36%,
pathohistologically verified in postoperative
dissections of the neck, significantly affects
the five-year survival of patients [5]. Sentinel
lymph node biopsy (SNB) is a routine surgical
procedure for the detection of OM in the neck
in OSCC. The use of SNB proves high sensitiv-
ity for detecting micrometastases and isolated
tumor cells (ITC), a lower degree of morbidity
of the surrounding tissue, and a considerably
more positive economic aspect compared to
END [6]. The sensitivity of SNB in the range
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of 75-87% for registering OM in the early stage of OSCC
defines the method as safe and rational [7].

Literature data suggest that based on the pathohistologi-
cal analysis of OSCC preparations, which includes depth
of invasion (DOI), desmoplastic stromal reaction (DR),
tumor budding, lymphovascular invasion (LVI), perineural
invasion (PNI), and density of tumor-infiltrating lympho-
cytes (TILs), the occurrence of extranodal extension (ENE)
of OSCC, which is directly related to the occurrence of
metastases in the neck, can be predicted [8, 9].

This study aimed to determine whether the aforemen-
tioned pathohistological parameters can be reliable predic-
tors for OM occurrence in OSCC stage pT1-N0-MO and
pT2-NO-MO.

METHODS

The study included 40 consecutive patients of both sex-
es treated at the Clinic for Maxillofacial Surgery in Nis
from 2019 to 2022, in whom the presence of OSCC stage
c¢T1-N0-MO and c¢T2-N0-MO was determined based on
medical history, clinical examination, initial biopsy, and
additional radiological examinations.

The criteria for excluding patients from the study in-
cluded patients with higher T stages (cT3-cT4), recurrent
OSCC that was in rT1-rT2 stage at the time of examina-
tion, radiologically confirmed the presence of secondary
deposits (M1 stage), initially inoperable forms of OSCC
turned into an operable state after oncological treatment,
patients in whom the progression of the disease occurred
from the verification of OSCC stage cT1-cT2 to the surgi-
cal procedure, and patients in whom, due to general condi-
tion or comorbidities, intervention in general endotracheal
anesthesia was contraindicated.

The analysis of anamnestic data determined age, gen-
der and risk factors in terms of alcohol consumption and
tobacco smoking.

The clinical examination determined the precise loca-
tion of the suspicious lesion in the oral cavity as well as its
clinical form (exophytic or endophytic). The clinical ex-
amination also determined the Karnofsky score (Karnofsky
Performance Status Scale - KPS) of the patients, which
ranged 90-100 in all subjects (Figure 1).

After the anamnestic and clinical examination, punch
biopsy of the suspicious lesion in the oral cavity was per-
formed for the pathohistological verification of OSCC.

Radiological examinations included multi-slice com-
puterized tomography of the head and neck, magnetic
resonance imaging of the head and neck, lung imaging,
and ultrasound of the neck and abdomen. Radiological
examinations determined the precise diameter of the tu-
mor, as well as its relation to the surrounding soft tissue
and bone structures.

Surgical treatment of patients included radical tran-
soral tumor ablation and END of neck levels I, II, and III
(Figure 2).

The pathohistological analysis of postoperative OSCC
preparations was done after the fixation of the preparations

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):42-47

Figure 2. Elective neck lymphadenectomy of levels |, Il, and IlI

in a 10% solution of buffered formalin. The micromor-
phological analysis of histological sections made with
the standard hematoxylin-eosin (H&E) method included
the analysis of the status of resection margins, analysis of
DOI, DR, LVI, PNI, tumor grade, and density of TILs.
Immunohistochemical analyses were performed by deter-
mining the expression of pan-cytokeratin (pan-CK) (AE1/
AE3) in suspicious lymph nodes of postoperative neck dis-
sections to identify occult metastatic changes.

The statistical processing of data involved presentation
in the form of arithmetic mean, standard deviation, mini-
mal and maximal values, and ratio in the form of absolute
and relative numbers. Numerical variables were compared
using the t-test, whereas categorical characteristics were
compared with the x? test or Fisher’s exact probability
test. Logistic regression analysis was used to assess the
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Table 1. Demographic and clinical characteristics of patients regarding the

presence of metastases

L Occult metastases
Characteristic Total p'
Yes No
male 25 1625 | 9 | 692 |16 | 593
Sex 0.794
female 15 | 375 | 4 | 308 | 11 | 40.7
<55 10 | 25 | 3 | 231 | 7 | 259
Age (years) 1.000*
55+ 29 75 | 10| 769 | 20 | 741
Smoking 29 | 725 |13 | 100 | 16 | 59.3 | 0.007*
Alcohol 22 | 55 | 9 | 69.2 |13 |481 | 0312
exophytic 21 | 525 | 5 | 385 |16 | 593
Growth type - 0.370
endophytic 19 | 475 | 8 | 615 | 11| 40.7
| 12 30 1 7.7 | 11 | 40.7
Tumor grade |l 20 | 50 | 9 | 69.2 | 11| 407 | 0.114*
I 8 20 3 1231 | 5 1185
T1 12 30 6 | 46.2 22.2
Tumor stage 0.238
T2 28 | 70 | 7 | 53821778
Perineural invasion 25 | 625 | 7 | 538 | 18| 66.7 | 0.663
Lymphovascular invasion 21 | 525 12{923| 9 | 333 | 0.001*
| mature 15 1375 0 0 | 15556
Desmoplastic |3 o rediate | 15 | 37.5 | 3 | 23.1 | 12 | 444 | <0.001*
reaction
immature 10 | 25 | 10769 | 0 0
Depth of <5 24 | 60 | O 0 | 24889
. . <0.001*
invasion (mm) | 5+ 16 40 |13 1100 | 3 | 111
. high 18 45 0 0 18 | 66.7
Lymphocytic 4o mediate | 13 | 325 | 4 | 308 | 9 | 33.3 | <0.001%
infiltration
low 9 | 2259 692 | 0 0
X2 test;
*Fisher’s exact probability test
Tumor localization
W Yes mho
Hardpalate ol 3
Bucal mucosa hz
Retromolar triangle jm——— 3
Floor of the mouth “ 5
Softpalate & 1
oraltongue | — 1)
alveolarridge I e
i 2 4 6 8 10 12 14
Count

Figure 3. Tumor localization regarding the presence of occult metastases

Table 2. Risk factors for the occurrence of occult metastases — univariate logistic regression analysis

Trajkovi¢ M. et al.

relationship between the studied variables and the
appearance of OM.

We excluded specific variables (DR, DOI, smoking,
lymphocyte infiltration) from our logistic regression
model due to perfect separation or multicollinearity,
which was identified when these variables perfectly
predicted the outcome, leading to model estimation is-
sues such as non-convergence. This decision was made
to ensure the stability and reliability of our model’s
parameter estimates.

The null hypothesis was tested with a significance
threshold of p < 0.05. Statistical data processing was
performed in the SPSS Statistics, Version 16.0 (SPSS
Inc., Chicago, IL, USA) software package.

The study was approved by the Ethics Committee
of the Dental Clinic in Ni$ (14/14-2019-4 EO) and the
Ethics Committee of the Faculty of Medicine in Ni§
(12-16502/2-1).

RESULTS

The study included 40 patients (25 male and 15 female).
The mean age of the studied population was 62.8 + 10.7
(min 37 years, max 85 years). The majority of subjects
were male (62.5%), older than 55 years (75.0%), smok-
ers (72.5%), who regularly consumed alcohol (55.0%)
and had exophytic tumor growth (52.5%).

There were 13 patients with OM in the group
(32.5%). There was no statistically significant difference
with respect to sex (p = 0.794), age (p = 1.000), alcohol
consumption (p = 0.312), tumor growth type (p = 0.370)
and tumor grade (p = 0.114) regarding the presence of
OM (Table 1). Smoking was statistically significantly
more common in patients with OM (p = 0.007).

PNI was present in 62.5% of patients and did not
differ significantly in relation to the presence of me-
tastases (p = 0.663). LVI was statistically significantly
different in relation to the presence of metastases
(92.3% vs. 33.3%, p = 0.001). DR differed statistically
significantly in relation to the presence of metastases
(p < 0.001), as well as DOI (p < 0.001). Lymphocytic
infiltration was statistically significantly different in
relation to the presence of metastases (p < 0.001).
Statistical analysis does not
show the existence of a signifi-

. Univariate logistic regression Multivariate logistic regression cant correlation between tumor
Characteristic OR 95% Cl p OR 95% Cl p stage of OSCC (T1-T2) nor the
Female sex 0.646 | 0.158 | 2637 | 0.543 | 2.126 | 0.041 | 109.137 | 0707 |  presence of OM in the neck.
Age 1.007 | 0.945 | 1.072 | 0.832 | 1.100 | 0.976 | 1.239 |0.117 The lesions were localized
Alcohol 2423 | 0598 | 9.816 | 0215 | 4.897 | 0.082 | 290.940 | 0.446 | on the tongue (42.5%), alveo-
Growth type - exophytic 2.327 | 0.600 | 9.028 | 0.222 | 0.495 | 0.036 | 6.881 | 0.601 lar processes (20%), floor of the

I ref group 0.114 0.244 oral cavity (17.5%), hard pal-
Tumor grade I 9.000 | 0.969 | 83.583 | 0.053 | 31.774 | 0.561 | 1798.965 | 0.093 ate (5%), retromolar triangle
Il | 6.600 | 0.543 | 80.235 | 0.139 | 9.662 | 0.241 | 386.897 | 0.228 (7.5%), buccal mucosa (5%),
Perineural invasion 0.583 | 0.151 | 2.256 | 0435 | .069 |0.004| 1.266 |0.072 and soft palate (5%) (Figure 3).
Lymphovascular invasion 24.000 | 2.682 | 214.725| 0.004 |32.713| 1.862 | 574.667 | 0.017 Univariate logistic regres-
Constant 0.000 0.025 sion analysis showed that LVI

OR - odds ratio; 95% CI - 95% confidence interval; Hosmer-Lemeshow test p = 0.135
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is a statistically significant risk
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factor for OM (OR 24.0, p = 0.004). Moreover, it remained
a statistically significant risk factor in the multivariate
model (OR 32.713, p = 0.017) (Table 2).

DISCUSSION

The distribution of OSCC in the oral cavity varies at a
global level and is primarily dependent on the geographic
location that determines exposure to the most frequent
etiological factors. The location of OSCC in the oral cavity
is an important prognostic factor, as well as an implication
of the patient’s surgical treatment. Literature data indicate
that the most common site of OSCC in Thailand, India
and Southeast Asian countries is the buccal mucosa [10].
Available data from Nigeria and Germany highlight the
gingiva of the alveolar processes of the lower and upper jaw
as well as the floor of the oral cavity as predilection sites
for OSCC [11, 12]. OSCC is most common in the tongue
(41.7%), floor of the oral cavity and lips (16.5%, each),
gingiva of the alveolar processes of the upper and lower
jaw (10.6%), buccal mucosa (6.7%), retromolar triangle
(5.6%), and hard and soft palate structures (2.3%) [13].
Alcohol and tobacco consumption are the most impor-
tant etiological factors associated with the occurrence of
OSCC. These factors are present in 70-80% of patients with
OSCC [14]. Chemical carcinogens from alcohol and to-
bacco participate synergistically in generating mutations in
tumor suppressor genes and thus promote carcinogenesis.
OSCC is considerably more frequent in males than in fe-
males. Literature data suggest that men make up 90-93% of
patients with OSCC, whereas women represent only 7-10%
of patients [15]. A marked discrepancy in the frequency of
patients of both sexes is explained by more frequent expo-
sure to etiological factors in men, in contrast to women. The
male-female ratio differs primarily at the regional level, but
the percentage of men with OSCC is almost always higher.
OSCC is significantly more common in patients older
than 50 years [16]. The presented data on age vary by the
region and the number of patients included in the study.
Pathohistological findings in postoperative neck dis-
sections can be negative, indicating the presence of ITCs,
micrometastases (MM) or macrometastases. Negative find-
ings imply reactive cellular changes, sinus histiocytosis and
benign cell inclusions. By definition, ITCs are small cell
aggregates not larger than 0.2 mm, or non-confluent aggre-
gates not exceeding 200 cells per section. MM represent in-
dividual tumor deposits with a 0.2-2 mm diameter, unlike
macrometastases, which also represent individual tumor
deposits, but larger than 2 mm. Considering that it is im-
possible to prove the existence of ITCs and MM by standard
H&E examination, pan-cytokeratin (pan-CK) (AE1/AE3)
has been introduced as a useful marker for determining the
presence of OM. The detected presence of ITCs and MM
in the value of 33.3% on preparations that were negative
by H&E processing indicates that pan-CK (AE1/AE3) is
a reliable marker for the detection of ITCs and MM [17].
DOI was defined as the distance from the normal basal
membrane to the deepest point of tumor invasion, is an

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):42-47

independent risk factor for the occurrence of OM in lymph
nodes of the neck in patients with OSCC. Studying patients
with early-stage OSCC, the threshold and increased value
of DOI would represent an indicator for END [18]. The as-
sociation between DOI over 5 mm and 36.25% of OM was
presented in a study by Pakistani authors [19]. The study
included 80 patients with pathohistologically proven OSCC.
The authors concluded that patients with DOI +5 have a
relative risk of occult neck nodes metastasis and that there
is no significant relationship of occult neck node metasta-
sis with age, gender, risk factors and tumor grade. LVI by
definition refers to the presence of tumor cells in the lumen
of a blood vessel or cellular adhesion to the vascular wall.
The presence of LVI is interpreted as a negative prognostic
factor for patients suffering from OSCC. In a study that
included 442 patients with OSCC, Abigail E. Moore et al.
[20] concluded that LVT is a significant pathohistological
parameter for the occurrence of regional metastases. The
same authors also reported the absence of correlation of LVI
with tumor aggressiveness and local recurrence. Prakash
Pandit et al. [21] conducted a study on 462 patients with
OSCC and confirmed the link between LVI and metastases
in the lymph nodes of the neck.

PNI represents the appearance of a tumor in close prox-
imity to a nerve, involving at least 33% of its volume, or
the presence of tumor cells within any of the three layers
of the nerve sheath. The presence of PNI on pathohisto-
logical preparations of OSCC is associated with increased
morbidity, poor prognosis and frequent local recurrences,
but without a significant impact on the occurrence of re-
gional metastases [22]. DR type is one of the key stromal
characteristics of malignant tumors of the gastrointestinal
tract [23]. Based on the morphology and arrangement of
collagen fibers and myxoid stroma, DR is divided into ma-
ture, intermediate, and immature. The insight into avail-
able literature reveals works of numerous researchers who
associate DR with the clinical characteristics of OSCC. In a
study that included 308 patients with early-stage OSCC of
the tongue, Almangush et al. [24] determined a relation-
ship between the stromal reaction type and patient surviv-
al. However, the same authors did not find a relationship
between the DR type and the appearance of metastases in
the neck. Furthermore, Bittar et al. [25] conducted a study
that included 157 patients with verified OSCC and a clini-
cal NO finding in the neck and determined an association
between the appearance of OM in the neck and the type
of DR. Noda et al. [8] suggested an association between
immature tumor stroma and ENE. The aforementioned
authors in a study that included 83 patients with patho-
histologically verified OSCC indicate the existence of a
significant correlation between immature tumor stroma
and ENE. In addition, the results of our study indicate a
significant correlation between the occurrence of OM and
the immature tumor stroma of OSCC preparations.

TILs are a selected population of lymphocytes, predomi-
nantly of the T form, with a highly specific immune re-
sponse to tumor cells. They represent reliable biomarkers for
many solid tumors, including malignant tumors of the head
and neck [26]. The method for the standardized assessment
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of the presence of TILs using the H&E method published by
the International Immuno-Oncology Biomarker Working
Group is being very effectively applied in daily clinical prac-
tice [27]. Literature data indicate that high tumor infiltration
by TILs represents a favorable prognostic sign for OSCC and
other malignant tumors, in terms of an increased survival
rate and less aggressiveness of the tumor [28]. The results of
our study, which indicate a relationship between the appear-
ance of OM in the neck, aggressiveness of the tumor and low
tumor infiltration by TILs, are in correlation with the results
of the aforementioned authors [8, 9, 29, 30].

CONCLUSION

The presence of OM in the 16-36% range in postoperative
neck dissections undoubtedly has a negative effect on the

REFERENCES

1. TanY,Wang Z, Xu M, Li B, Huang Z, Qin S, et al. Oral squamous cell
carcinomas: state of the field and emerging directions. Int J Oral
Sci. 2023;15(1):44. [DOI: 10.1038/541368-023-00249-w]

[PMID: 37736748]

2. Alshami ML, Al-Maliky MA, Alsagban AA, Alshaeli AJ.
Epidemiology and incidence of oral squamous cell carcinoma
in the Iraqi population over 5 years (2014-2018). Health Sci Rep.
2023;6(4):21205. [DOI: 10.1002/hsr2.1205]

[PMID: 37064317]

3. Karadaghy OA, Shew M, New J, Bur AM. Development and
assessment of a machine learning model to help predict survival
among patients with oral squamous cell carcinoma. JAMA
Otolaryngol Head Neck Surg. 2019;145(12):1115-20.

[DOI: 10.1001/jamaoto.2019.0981] [PMID: 31045212]

4. Bugshan A, Farooq I. Oral squamous cell carcinoma: metastasis,
potentially associated malignant disorders, etiology and recent
advancements in diagnosis. F1000Res. 2020;9:229.

[DOI: 10.12688/f1000research.22941.1] [PMID: 32399208]

5. OhLJ,PhanK, Kim SW, Low TH, Gupta R, Clark JR. Elective neck
dissection versus observation for early-stage oral squamous cell
carcinoma: systematic review and meta-analysis. Oral Oncol.
2020;105:104661. [DOI: 10.1016/j.oraloncology.2020.104661]
[PMID: 32244173]

6. Miura K, Hirakawa H, Uemura H, Yoshimoto S, Shiotani A,
Sugasawa M, et al. Sentinel node biopsy for oral cancer: a
prospective multicenter Phase Il trial. Auris Nasus Larynx.
2017;44(3):319-26. [DOI: 10.1016/j.anl.2016.07.008]

[PMID: 27496008]

7.  BarkR, Kolev A, Elliot A, Piersiala K, Nasman A, Grybéck P, et
al. Sentinel node-assisted neck dissection in advanced oral
squamous cell carcinoma—a new protocol for staging and
treatment. Cancer Med. 2023;12(11):12524-34.

[DOI: 10.1002/cam4.5966] [PMID: 370840071

8.  Noday, Ishida M, UenoY, Fujisawa T, Iwai H, Tsuta K. Novel
pathological predictive factors for extranodal extension in oral
squamous cell carcinoma: a retrospective cohort study based
on tumor budding, desmoplastic reaction, tumor-infiltrating
lymphocytes, and depth of invasion. BMC Cancer. 2022;22(1):402.
[DOI: 10.1186/512885-022-09393-8] [PMID: 35418058]

9. Almangush A, Jouhi L, Atula T, Haglund C, Mékitie AA, Hagstrom
J, et al. Tumour-infiltrating lymphocytes in oropharyngeal cancer:
a validation study according to the criteria of the International
Immuno-Oncology Biomarker Working Group. Br J Cancer.
2022;126(11):1589-94. [DOI: 10.1038/541416-022-01708-7]
[PMID: 35043007]

10. Lin NC, Hsien SI, Hsu JT, Chen MYC. Impact on patients with oral
squamous cell carcinoma in different anatomical subsites: a
single-center study in Taiwan. Sci Rep. 2021;11(1):15446.

[DOI: 10.1038/541598-021-95007-5] [PMID: 34326432]

DOI: https://doi.org/10.2298/SARH240623010T

Trajkovi¢ M. et al.

five-year survival of OSCC patients, which varies 30-90%,
depending on the stage of the tumor and the status of LNs.

The results of our study indicate a high degree of asso-
ciation of the analyzed pathohistological parameters with
the occurrence of OM in the neck in patients with early-
stage OSCC. The significance of predicting the risk of OM
is a strong argument for the aforementioned parameters
to be part of the standard pathohistological examination
of OSCC.

We firmly believe that our idea of future inclusion of
epigenetic examination of OSCC preparations in standard
diagnostics will contribute to early detection of OM and
thus an increase in the five-year survival of affected pa-
tients.
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MpeANUKTMBHA ya0ra TYMOPCKUX UHOUATPUPajyhux AMmdoumnTa U NaTOXMCTONOLLKMX
napametapa y HaCTaHKy MeTacTa3a Ha KnuHuukom NO BpaTy y paHOM CTagujymy

OpasHOr CKBamouenynapHor KapumHoma

Munow Tpajkosuh', lparan Kpacuh'? TatjaHa JedptoBuh CrojmeHos?, Hiikona »Kuskosuh'?, Mpeapar Pagosuh'2, Munow

CrojaHoBuh', CMoHa CTojaHoBuh?>*

'KnuHuKa 3a geHTanHy meguumHy, Ofierbetbe 3a Makcunodauujanty xupyprujy, Huw, Cpbuja;

%Ynusep3utet y Huwy, Meguumnckmn dakyntet, Huw, Cpbuja;

YHVBEP3UTETCKI KNUHUYKY LieHTap y Huwy, MHCTUTYT 3a natonorujy v natonowky aHatomujy, Huw, Cp6uja;
“KnuHuKa 3a feHTanHy meguuuy, Ofesberbe 3a opanHy xupyprujy, Haw, Cpbuja

CAXETAK

YBop/Llwb OpanHu ckBamoLenynapHu KapumnHom, ca 337.713
perncTpoBaHux cnyyajesa y ceTy 2020. rogriHe, Hajyyectanmju
je ManurHm Tymop peruje rnase v Bpata. Cratyc IMMGHIX HOAy-
Ca BpaTa NpeAcTaB/ba HajBaXKHUjW 130JT0BaHUN MPOrHOCTUYKM
baKTop 3a neToroAnLLHe NPeXnB/baBakbe OONECHUKA.

Linmb oBor uctpaxuatba je yTBPAWTA Aa N Ce Ha OCHOBY Ma-
TOXMCTONOLLKE aHanm3e npenapara paHor CTajujyma opanHor
CKBaMoLieNynapHor KapLyMHoMa MoXe npefBUAEeTY NojaBa
OKYNTHWX MeTacTa3a Ha Bpary.

MeTtoge Y cTyaujy je ykibyueHo 40 60necHrKa ca KNMHUYKAM
NO Hanasuma Ha BpaTy y paHOM CTafiujymy OpasiHOI CKBamMo-
LenynapHor kapuuHoma. CBum 6onecHuumma je yunteHa
pafvKanHa TpaHcoparHa abnaumja TyMmopa 1 eneKTMBHa M-
dapeHekTomMUja BpaTa. Ha ocHOBY AiebVHUTMBHOT MAaTOXUCTONO-
LIKOT Hana3a 6onecHUL Cy MOAEbEHN Y FPyMy ca NPUCYCTBOM
1 rpymny ca OACYCTBOM OKYNTHMX MeTacTasa.
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PesyntaTtu Y ncnutnBaHoj rpynm oKynTHe MeTacTase Cy peru-
CTpoBaHe Kop 13 6onecHuka (32,5%). Pesyntatu ctyamje yKasyjy
Ha MOCTOjakbe 3HayajHe passrKe napameTapa 4e3MonIacTmy-
He peakumje ctpome (p < 0,001), py6rHe nHBasuje (p < 0,001),
numoouuntHe nHduntpaumje (p < 0,001) n numdpoBackynapHe
MHBa3uje y yHuBapujaHTHOj (OR 24, p = 0,004) n MynTMBapujaHT-
HOj (OR 32,713, p = 0,017) NOrMCTUYHO]j PErpecoHoj aHanusm y
rpynv 6onecHrKa ca OKyNTHM MeTacTa3ama y OBHOCY Ha rpyny
6onecHuKa 6e3 meTacTasa.

3aKsbyuak Pe3yntaTu Halle CTyauje yKasyjy Ha SUPEKTHY nose-
3aHOCT MojaBe OKYNTHYX MeTacTa3a Ha BpaTy 1 NojeAnHMX na-
TOXMCTONOLKIMX NapameTtapa. CUrHUGUKAHTHOCT Y MpeauKumjn
rojaBe OKyNTHUX MeTacTa3a NpefcTaB/ba YBPCT apryMeHT Jja no-
MeHyTV NapameTpy Tpeba aa bUTy CTaHAAPAHM €0 MATOXMUCTO-
NOLLKOT MCMMTUBAkba OPaTHOT CKBAaMOLIENYNapHOT KapLHOMa.
KmbyuHe peun: opanHu ckBamoLenynapHu KapLyHOM; OKYNT-
He MeTacTa3e; NaTOXUCTOMNOLLIKA aHaNm3a; XMPYpPLUKO Neyerbe;
npahetbe

www.srpskiarhiv.rs
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SUMMARY

Introduction/Objective Isocitrate dehydrogenase (IDH) mutations play a significant role in gliomagen-
esis. Specific microRNAs, such as microRNA-10b and microRNA-21, act as oncogenic microRNAs, whereas
microRNA-34a acts as a tumor suppressor in glioblastoma. Our study aimed to investigate whether the
IDH1 mutation status correlates with microRNA-10b, -21, and -34a expression levels in patients with
glioblastoma.

Methods The study included 43 patients diagnosed with glioblastoma. We examined microRNA-10b,
-21, and -34a expression levels in peripheral blood mononuclear cells after surgery and prior to concur-
rent radiotherapy with temozolomide, as well as at the 15th and 30th fractions of radiotherapy with
temozolomide. Data on IDH1 mutation status were gathered from medical histories and histopathology.
Results Two groups were created to assess the association of microRNA-10b, -21, and -34a expression
levels: glioblastoma IDH1-wildtype and glioblastoma IDH1-mutant + not otherwise specified (NOS). The
median microRNA-10b expression level before the initiation of concurrent radiotherapy with temozolo-
mide was 130.44 (52.2-622.53) in the IDH1-wildtype group and 94.61 (2.13-816.89) in the IDH1-mutant
+ NOS group. The median microRNA-21 expression level was 57.16 (2.68-278.98) in the IDH1-wildtype
group and 69.74 (4.6-825.43) in the IDH1-mutant + NOS group. The median microRNA-34a expression
level was 13.52 (3.16-105.20) in the IDH1-wildtype group and 10.11 (1-210.55) in the IDH1-mutant + NOS
group. The results showed no statistically significant difference in the expression levels of microRNA-10b,
-21, or -34a between the two groups (p > 0.05).

Conclusion Our findings suggest that IDH1 mutation status may not be a critical factor for altered ex-
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pression of microRNA-10b, -21, and -34a in glioblastoma patients.
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INTRODUCTION

Over the past few years, a significant body of
research has focused on the molecular and ge-
netic profile of glioblastoma. This combined ap-
proach - defined by histopathology, molecular
features, and genetic alterations in glioblastoma
- led to changes in the World Health Organization
(WHO) classification in 2016 and 2021 and a bet-
ter understanding of tumor biology and clinical
behavior of the disease [1, 2].

One of the most important features in the 2016
WHO classification of brain tumors was the in-
clusion of isocitrate dehydrogenase (IDH) muta-
tion status in glioma classification. Since IDH1
is one of the most important enzymes for cell
metabolism, alterations in IDH1 expression or
gene mutations can impact enzyme activity and
impair cellular metabolism [3]. IDH mutation is
considered one of the initial occurrences in the
development of astrocytomas and oligodendro-
gliomas [4]. In fact, research on the sequence of
mutations in gliomas shows that IDH mutations
occur even before TP53 mutations in low-grade

diffuse astrocytoma and secondary glioblas-
toma, but they are rare in primary glioblastoma
[4]. According to the 2016 WHO classification,
glioblastoma was divided into glioblastoma IDH-
mutant, WHO grade IV, glioblastoma, IDH-
wildtype WHO grade IV, and glioblastoma, Not
Otherwise Specified (NOS) WHO grade IV [1].
In 2021, in addition to other parameters for the
classification of glioblastoma, any astrocytoma
with wildtype IDH is considered glioblastoma,
IDH-wildtype, Central Nervous System (CNS)
WHO grade IV [2].

MicroRNAs (miRNAs) are non-coding RNAs
that play a critical role in gene expression regula-
tion. They bind to incompletely complementary
sequences on target messenger RNAs (mRNAs),
leading to mRNA degradation or translation inhi-
bition [5]. This mechanism of post-transcriptional
regulation enables miRNAs to control various bio-
logical processes, such as development, differen-
tiation, proliferation, and apoptosis, and they are
among the key regulators of cell metabolism [6].
The expression of microRNAs can be altered by
various mutations or regulated through promoter
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methylation [5]. MiRNAs can directly or indirectly target dif-
ferent genes, including IDH. Conversely, IDH mutations after
the production of 2-hydroxyglutarate (2-HG) can influence
or alter the expression of various miRNAs and regulate tumor
development in gliomas [7].

In glioblastoma, specific miRNAs may have significant im-
pact on tumorigenesis, invasiveness, and resistance to therapy.
MiR-10b, miR-21, and miR-93 act as oncogenic miRNAs (on-
comiRs), while miR-7, -34a, and -128 act as tumor suppressors
in glioblastoma, and they target multiple genes [8]. Research
has shown that miRNAs can be found in extracellular fluids.
They are stable compared to cellular RNA, which is the rea-
son why they can serve as potential biomarkers for various
diseases, including cancer [9].

Since mutations in IDH play a role in gliomagenesis, and
miRNAs-10b/21 act as oncomiRs and miR-34a acts as a tumor
suppressor in glioblastoma, we aimed to investigate whether
the IDH mutation status correlates with miRNA-10b/21/34a
expression levels in patients with high-grade gliomas (HGGs
- glioblastoma). A better understanding of this poorly under-
stood feedback and regulatory mechanism between IDH muta-
tion and miRNAs can yield additional valuable insights into
the differing biological behaviors of IDH-mutant versus IDH-
wildtype gliomas and possibly have therapeutic implications.

METHODS

This study examined miR-10b, -21, and -34a levels in pe-
ripheral blood mononuclear cells (PBMCs) from 43 glioblas-
toma patients. The 2016 WHO Classification of Tumors of
the Central Nervous System was used. Blood samples were
taken post-surgery and prior to treatment with concurrent
radiotherapy (RT) and chemotherapy with temozolomide
(TMZ), and at the 15th and 30th fractions of RT with con-
current TMZ. The study was conducted at the Clinic of
Neurosurgery, University Clinical Center of Serbia, and the
Institute for Oncology and Radiology of Serbia since October
2017, adhering to the ethical guidelines of the Declaration
of Helsinki. The study protocol received approval from the
Ethical Research Committee of the Faculty of Medicine,
University of Belgrade (approval number 1322/X-39).

After surgery, patients received RT combined with TMZ,
followed by adjuvant TMZ. RT began 4-6 weeks post-surgery,
with 30 fractions of 2 Gy each, totaling 60 Gy, using either
3D conformal or VMAT technique (Figure 1). Concomitant
therapy included 75 mg/m? TMZ daily during RT.

The data on IDH1 mutation status were gathered from
medical history, histopathology, and immunohistochemistry
results.

PBMCs were isolated from heparinized blood using
Histopaque-1077 (Sigma-Aldrich, Burlington, MA, USA),
and total RNA containing miRNAs was extracted using TRI
Reagent(Sigma-Aldrich). RNA quality was assessed using a
BioSpec-nano (Shimadzu Corporation, Kyoto, Japan) spectro-
photometer, ensuring an A260/280 ratio of 1.7-2.1. Specific
TagMan® (Thermo Fisher Scientific Inc., Waltham, MA, USA)
assays were employed to analyze miR-10b, -21, and -34a ex-
pression. The comparative delta-delta Ct method was used
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Figure 1. Volumetric modulated arc therapy (VMAT) technique of ra-
diotherapy in a patient with glioblastoma (Institute for Oncology and
Radiology of Serbia)

to calculate relative quantity values, normalizing to RNU6B
and calibrating against the sample with the lowest RQ value.

Statistical analysis

The Mann-Whitney U test was used to compare differences
between two independent groups. For the analysis of the cor-
relation of the level of expression of miRNA and IDH muta-
tion status, Pearson’s and Spearman’s tests were used. Log-rank
(Mantel-Cox test) was used to examine the significance of the
differences. All statistical analyses were conducted using IBM
SPSS Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Due to the unfavorable ratio of the number of outcomes to
potential predictors, it was not possible to make comparisons
among the three groups based on IDHI status (22 patients had
glioblastoma IDH1-wildtype, two patients had glioblastoma
IDHI1-mutant, and 19 patients had glioblastoma NOS).

According to data from the literature on the prognostic
significance of the mutation’s presence or absence, two groups
were created to assess the association of miR-10b/21/34a ex-
pression levels: glioblastoma IDH1-wildtype and glioblastoma
IDH1-mutant + NOS.

The median miRNA-10b expression level post-surgery and
before the initiation of concomitant RT with TMZ was 130.44
(52.2-622.53) in the IDH1-wildtype glioblastoma group and
94.61 (2.13-816.89) in the IDH1-mutant + glioblastoma NOS
group.

The median miRNA-21 expression level was 57.16 (2.68-
278.98) in the IDH1-wildtype glioblastoma group and 69.74
(4.6-825.43) in the IDH1-mutant + glioblastoma NOS group.

The median miRNA-34a expression level was 13.52 (3.16-
105.2) in the IDH1-wildtype glioblastoma group and 10.11
(1-210.55) in the IDH1-mutant + glioblastoma NOS group.
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A complete overview of miRNA-10b/21/34a expression levels
in relation to IDH1 mutation status is provided in Table 1.

Table 1. Correlation between miR-10b/21/34a expression levels and
IDH1 mutation status

miR IDH1-wild type | IDH1-mutant -
GB +NosGB | P

miR-10b prior RT 130.44 94.61 0234
median (min-max) (52.2-622.53) (2.13-816.89) '
miR-10b 15f + TMZ 83.35 100.7 0.451
median (min-max) (16.03-433.53) (1-922.88) .
miR-10b 30f + TMZ 131.75 102.96 0.560
median (min-max) (1.47-493.53) (2.32-2751.5) i
miR-21 prior RT 57.16 69.74 0.903
median (min-max) (2.68-278.98) (4.6-825.43) !
miR-21 15f + TMZ 30.53 70.57 0451
median (min-max) (2.79-542.32) (4.37-960.07) :
miR-21 30f + TMZ 60.56 62.03 0.981
median (min-max) (1-410.72) (3.11-1940.21) !
miR-34a prior RT 13.52 10.11 0.662
median (min-max) (3.16-105.2) (1-210.55) :
miR-34a 15f + TMZ 3448 41.93 0.504
median (min-max) (3.48-198.64) (4.04-352.38) :
miR-34a 30f +TMZ 51.42 88.52 0.644
median (min-max) (2.94-363.04) (3.71-871.28) :

f - fraction; miR — microRNA; IDH - isocitrate dehydrogenase;
GB - glioblastoma; NOS - not otherwise specified;
RT - radiotherapy; TMZ - temozolomide

The results showed no statistically significant difference in the
expression levels of miR-10b/21/34a between the two groups
(p > 0.05).

DISCUSSION

Given the established role of IDH mutations in glioblastoma
and the overexpression of certain oncomiRs and tumor sup-
pressor miRNAs in glioblastoma cells, we investigated the
potential association between miR-10b/21/34a expression
levels in PBMCs and IDH1 mutation status.

We hypothesized that expression levels of miR-10b, -21, and
-34a would positively or negatively correlate with IDH1-
mutation status in glioblastoma. Ji et al. [10] found that ex-
pression levels of miR-10b progressively rise with the advance-
ment of WHO grades. Considering that miR-21 is a potent
oncogene overexpressed in glioblastoma and that glioblastoma
cells depend on miR-10b (with the ablation of the miR-10
gene being lethal for these cells) [11], we expected signifi-
cantly higher expression of miR-10b/21 in the IDH1-wildtype
glioblastoma group than in the IDH1-mutant + NOS group.
However, our study did not find a statistically significant as-
sociation between miR-10b/21 expression levels and IDH1
mutation status. On the other hand, Wang et al. [12] proposed
an IDH1 mutation-specific miRNA signature. Precisely, in
glioblastoma samples, the expression levels of 23 miRNAs var-
ied by more than 1.5-fold between those with mutant IDH1
and those with wild-type IDH1, respectively [12]. One of
the microRNAs with aberrant expression in IDH1 mutation
glioblastoma is miR-34a. Similar to miR-10b/21 and IDH1-
wildtype, we did not find significantly higher levels in the

‘ DOI: https://doi.org/10.2298/SARH241127007S
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IDH1-mutant + NOS group compared to the IDH1-wildtype
group. To check if there is a change in expression levels of
miR-10b/21/34a during RT with TMZ in terms of IDH1 mu-
tation status, we investigated and compared expression levels
at the 15th and 30th fractions of RT with TMZ, but we did
not find statistically significant results as well.

In low-grade glioma (LGG), IDH1/2 mutation status sig-
nificantly influences miRNA expression [13]. The researchers
developed a four-miRNA-based classifier (including miR-10b,
-130b, -1304, and -302b) that effectively differentiated be-
tween high and low risk for poor prognosis in IDH1/2-mutant
LGG [13]. Additionally, one study revealed a trio of miRNAs
(miR-1-3p, miR-26a-1-3p, and miR-487b-3p) that showed
differential expression in the serum of glioma patients, depen-
dent on their IDH mutation status [14]. The expression and
release of these miRNAs were lower in IDH-wildtype glioma
cells compared to IDH-mutant cells [14].

Taking into account the previous data from the literature,
we tried to understand the results we obtained and why they
did not completely match the results from the literature.
Despite some differences in the study’s design, to the best of
our knowledge, direct studies linking miR-10b/21/34a and
IDHI mutation status are limited. However, in the abstract
published in 2014, Silber et al. [15] indicate that IDH muta-
tions in gliomas lead to the repression of miR-34a, which
is associated with enhanced platelet-derived growth factor
(PDGF) signaling. Their findings suggest that miR-34a plays
a crucial role in the cellular changes induced by IDH muta-
tions, impacting tumor progression and potential therapeutic
strategies [15].

MiRNAs play a vital role in complex regulatory networks
that connect numerous genes and pathways, and their ex-
pression can be influenced by a variety of factors, making
it difficult to establish a direct correlation with a specific
mutation such as IDH1-mutation. Glioblastomas are highly
heterogeneous tumors, meaning that different regions of the
same tumor can have varying genetic and epigenetic pro-
files. The presence of an IDH1 mutation may trigger com-
pensatory mechanisms within the tumor cells, which could
mitigate the impact of the mutation on miRNA expression.
Also, although IDH mutations may be the earliest steps in
glioma genesis, it is highly likely that other simultaneous or
subsequent molecular events are required for further tumor
progression, primarily during the transformation of LGGs
into HGGs [16]. The glioma microenvironment, various
immune cells, stromal elements, and the cytoskeleton can
trigger pathways and alter miRNA expression. It is impor-
tant to emphasize that in our study, we collected samples for
microRNA analysis after surgery and prior to starting RT,
which may impact our findings. Additionally, the precision
of these results might not match those obtained directly from
glioblastoma or cerebrospinal fluid samples. Nevertheless,
even with complete resection, in glioblastoma, there can be
no real complete removal of all tumor cells due to its infil-
trative behavior [17]. The tumor cells are considered to be
located or migrated in the surrounding brain parenchyma
after surgery [18], as well as glioma stem cells responsible for
recurrence [19], which suggests that residual tumor cells can
still express a spectrum of miRNAs.
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It’s also worth mentioning that miR-10b and -21 are not
the only significant microRNAs in gliomagenesis. There is a
spectrum of microRNAs with potential roles as oncomiRs or
tumor suppressors. For example, Sippl et al. [20] suggested
that miR-181a2 may serve as a prognostic marker for cer-
tain patients with IDH1-wildtype glioblastoma. Given that
miR-181a2 regulates IDH1 expression in adipose tissue and
considering the impact of IDH1 mutation on glioblastoma’s
clinical course and biological behavior, the researchers in-
vestigated the possible influence of miR-181a2 expression
levels on IDH expression, the clinical course, and prognosis
of GB patients [20]. More precisely, their findings suggest
that low expression of miR-181a2 may positively influence
the survival of glioblastoma patients through IDHI regula-
tion [20]. In LGG, Bondarev et al. [21] implied that certain
miRNAs, such as miR-182, -455, and -891a, were generally
increased in IDH-mutant gliomas, which are associated with
a negative prognosis.

Besides the previously mentioned blood sampling af-
ter surgery we conducted, another difficulty that can be a
limitation of the study is the number of patients included.
Increasing the number of patients and samples for microRNA
analysis could potentially show a different result. In our study,
patients were classified according to the 2016 World Health
Organization Classification of Tumors of the Central Nervous
System, which in this particular study should not represent an
obstacle. Despite a slight difference in prognosis, glioblastoma
and diffuse astrocytoma grade IV have low survival rates,
indicating that this design of the study could be applied to
HGGs as well.

Results from this study are part of the doctoral disserta-
tion of the first author, and represent a continuous work in
the field of translational research in the field of radiobiology
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on the results, it can be concluded that the expression levels
of microRNAs miR-10b, miR-21, and miR-34a do not sig-
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Kopenauuja HuBoa ekcnpecuje mukpoPHK-106/21/34a ca MyTaLMOHUM CTaTYCOM

IDH1 kop 6onecHuKa ca rmobaactomom

AnekcaHgap CrenaHoBwuh'?, HuHa Metposuh®4, TatjaHa ApceHujeBuh'2, MapuHa Hukutosuh'>

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

2/HcTTYT 3a oHKonorujy 1 paguonorujy Cpbuje, KnnHuka 3a papujaumoHry oHkonorujy, beorpag, Cpbuja;
*MHCTUTYT 3a OHKOMoTWjy 1 pagnonorujy Cpbuje, Oferberbe 3a ekcnepumeHTaHy oHkonorjy, beorpag, Cpbuja;
*YHuBep3uTeT y Beorpagy, VIHCTUTYT 3a HykneapHe Hayke,BuHua” — HaumonanHu nictutyT Penybnuke Cpbuje, beorpagn, Cpbuja

CAMETAK

YBoa/Lum MyTtauuje nsouymutpart gexugporeHase (MOX) urpa-
jy 3HauajHy ynory y rnnomareHesu. lNojeanHe mukpoPHK kao
wro cy MukpoPHK-106/21 penyjy kao oHkoreHe MukpoPHK, aok
MUKpoPHK-34a genyje kao Tymop Ccynpecop Kog rmunobnacro-
ma. Hawa ctyguja je nmana 3a Lnb fa UCTPaxu NoTeHumjanHy
Kopenauujy ctatyca myTtaumje MX1 ca HuBouma ekcnpecuje
MUKpOoPHK-106/21/34a Ko nauujeHata ca rro61acToMOM.
MeTope OBa cTyguja je obyxBatuna 43 nayujeHTa Koju cy
1Manu nocTaB/beHy AvjarHo3y rnmobnactoma. icnutrsanum cy
HuBOe ekcnpecuje MUKPoPHK-106, MukpoPHK-21 n myrkpoPHK-
-34a y MoHOHyKneapHum henvjama nepudepHe KpBU HAKOH
ornepavuje, OAHOCHO MNpe NoYeTKa fleyetba pagnoTepanjom ca
KOHKOMUTaHTHUM TEMO30JIOMMA0M, Kao 1 Ha 15. 1 30. ppakuuju
pagvoTepanmje ca KOHKOMUTaHTHVM Temo3osiomuaoM. Moaaum
o cTatycy myTauuje VX1 npukynmbeHn cy us nctopuje 6onectu
1 e PUHUTUBHOT XCTOMATOMOLLIKOT HaJla3a.

PesynTtatu Hanpas/beHe cy AiBe rpyne 3a npoLeHy Kopenauuje
HrBOa ekcnpecuje MMKpoPHK-106/21/34a y ogHocy Ha MOX1

DOI: https://doi.org/10.2298/SARH241127007S

MyTaLyoHu cTaTyc: rnobnactom UAX1-anemu Tun 1 rnmobna-
ctom MOX1-myTaHT + Not Otherwise Specified (NOS). MegujaHa
ekcnpecuje MuKpoPHK-106 npe noyeTka KOHKOMUHATHOT Jie-
uerba pagmoxemmoTepanujom 6una je 130,44 (52,2-622,53) y
rpynv MAX1-anBrber Tuna ravobnactoma n 94,61 (2,13-816,89)
y rpynu MAX1-myTaHT + NOS. MegujaHa ekcnpecuje mmkpo PHK-
21 6una je 57,16 (2,68-278,98) y rpynu rnmobnactoma NAX1
AuBrber Tuna v 69,74 (4,6-825,43) y rpynu MAX1-mytaHT + NOS.
MegujaHa ekcnpecuje MukpoPHK-34a 6una je 13,52 (3,16-105,2)
y rpynu rvobnactoma UOX1 amesmber Tuna n 10,11 (1-210,55) y
rpynu WAX1-myTaHT + NOS. Huje foKa3aHa CTaTUCTUYKNM 3Ha-
yajHa pasnmKa y HuBouma ekcnpecuje MUKpoPHK-106/21/34a
n3mehy aBe nocmatpaHe rpyne (p > 0,05).

3akspyuak. Hawm pesyntatu cyrepuily aa ctatyc MyTauuje
NOX1 moxaa Huje KibyuHU GaKTop 3a M3MeHeHy ekcnpecujy
MuKpoPHK-106/21/34a kop nauujeHata ca rnvobaacToMom.

KmyuHe peun: rnvno6nactom; MukpoPHK; X myTtauuja
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Male breast cancer - a single center experience
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SUMMARY

Introduction/Objective Male breast cancer is an exceptionally rare disease, accounting for only 0.5%
of all male cancer cases, with an incidence of less than one case per 100,000 men annually. This study
aims to present the experience of the Institute for Oncology and Radiology of Serbia (IORS) in managing
male breast cancer.

Methods This retrospective study included all male patients treated at IORS for breast cancer during the
period from 1997 to 2016. In total, 124 cases were included in this study and analyzed regarding demo-
graphic, clinical, and pathohistological characteristics, therapeutic approach, and treatment outcomes.
Results Most patients were in stages lla (27.4%) and lllb (33.9%). Modified Madden radical mastectomy
was performed on 70% of patients. The most prevalent pathohistological tumor type was ductal invasive
carcinoma, most frequently in the T2 stage. Most patients (92.1%) had a positive estrogen receptor (ER)
and progesterone receptor status (92.1% and 82.4%, respectively), while human epidermal growth fac-
tor receptor 2 status was negative in 60% of the patients. The median overall survival was 121 months.
Positive ER status was identified as the most important predictor of overall survival, while patients with
initial stage Illa/lllb/IV disease had a greater risk of disease progression.

Conclusion Our research indicates that patients with ER-positive tumors, who are diagnosed with the
disease early and do not have any distant or local metastases have significantly better overall survival rates.

Keywords: breast cancer; male; survival; stage; receptors

INTRODUCTION

Breast cancer (BC) in men is an exception-
ally rare disease making up less than one case
per 100,000 men annually and just 0.5% of
all cancers in the male population [1, 2]. It is
believed that men have a lower BC incidence
than women because of their distinct hor-
monal status and volume of breast tissue [2, 3,
4]. Nonetheless, BC incidence is rising in both
genders with an estimated 26% increase in men
over the last 25 years [1, 2, 4].

Men are affected by most histological types
of BC that afflict women; however, their in-
cidence of occurrence varies. Roughly 90% of
all BC in men are ductal, only 1% are lobular,
and the remaining 9% accounts for rare BC
subtypes like neuroendocrine, medullary, or
tubular BCs [5]. When compared to female
BCs, male BCs are more likely to express the
estrogen receptors (ER), progesterone recep-
tors (PR), and androgen receptors (AR), be
hormonally responsive, have lower expression
of human epidermal growth factor receptor 2
(HER?2) receptor, and most often manifest as
unilateral tumors [5].

This study aims to present the experience
of the Institute for Oncology and Radiology of
Serbia (IORS) in managing male BC, from 1997
to 2016, regarding demographic, clinical, and
pathohistological characteristics, therapeutic
approach, and treatment outcomes.

METHODS

This retrospective study included all male
patients treated at IORS for BC from 1997 to
2016. For most patients, data were collected
from archived and active medical histories;
only after 2014 was part of the data accessed via
the hospital’s electronic medical records. The
IORS review board approved the study, and in-
formed consent for participation was obtained
from all living patients with active medical his-
tories. We analyzed demographic data, disease
characteristics (stage of the disease, pathohis-
tological and immunohistochemical tumor pa-
rameters), and treatment protocols. Some of
the data could not have been retrieved due to
inconsistent reporting in the archived medical
records, especially when the initial part of the
treatment had been done outside our cancer
center. However, these patients have not been
excluded from the series given that the disease
is rare, and omitting could have potential im-
plication on other insights gathered from the
avaijlable data on these patients.

Numerical data are displayed by arithme-
tic mean and median, with standard deviation
and percentiles. Attributive data are present-
ed in absolute and relative frequencies. The
Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to check the data normality. T-test,
Mann-Whitney U, and x* test were used to
assess the significance of the difference. Cox
proportional regression model was used for
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survival analysis. Survival curves were defined using the
Kaplan-Meier method. In all analyses, p < 0.05 was con-
sidered statistically significant. Statistical analysis was per-
formed using the statistical program IBM SPSS Statistics
for Windows, v. 21.0 (IBM Corp., Armonk, NY, USA).

Ethical approval: The patients’ written consent was ob-
tained, according to the Declaration of Helsinki, the study
has been approved by competent ethics committee and
conforms to the legal standards.

RESULTS

Between 1997 and 2016, IORS treated 124 male patients
with BC, with an average age of 64.29 + 11.18 years. All
patients had a IORS multidisciplinary team - tumor board
consisting of a medical oncologist, surgeon, and radiother-
apist. Patients initially treated outside our cancer center, in
general hospitals, did not undergo the same procedure and
there were no multidisciplinary team decisions, complete
evaluation and staging, and some of the data reporting was
not uniform and standard.

The initial clinical disease stage was unknown in 20/124
(16%) as they had breast lump surgically removed in other
institutions, without proper staging and data reporting. In
the available data, most patients were in stages IIa (27.4%)
and IIIb (33.9%), with 3.2% of patients in stage IV and
just 8.9% in clinical stage I (Table 1). Surgical treatment
was performed in 120/124 (97%) of patients; however, data
regarding the type of surgery, based on standard surgi-
cal nomenclature, were unavailable for 15% (18/120) of
patients. Modified Madden radical mastectomy was per-
formed on 70% of patients (Table 2). Pathohistological data
were unavailable for 18/124 (14.5%) of patients. The most
prevalent pathohistological tumor type was ductal invasive
carcinoma, present in 70% of patients (Table 3). Tumor
grade IT was the most frequently encountered in 88/106
(83%) patients, while grade I and II were evenly distributed
in the population (8.1% and 8.2% of patients, respectively).
The T2 tumor stage was most frequently encountered in
surgically treated patients, followed by the T1 and T4 tu-
mor stages (Table 4). There was an even distribution of
patients with negative findings on ipsilateral axillary lymph
nodes (N0, 50.6%) and those with metastases (N+, 49.4%).
Data regarding tumor receptor expression was available
only for 44/124 (35.5%) of patients. Most patients (92.1%)
had a positive ER (92.1%) and PR (82.4%) status, while
HER?2 status was negative (0 or 1+) in 60% of the patients.
None of the patients have been treated with neoadjuvant
chemotherapy, probably since tumors have been previously
surgically removed for the pathological verification, in the
absence of non-surgical biopsies. Adjuvant chemotherapy
was administered in 46/124 (37%) of patients and anti-
estrogen therapy in almost two-thirds of patients. Nearly
half of the study population (61/124, 48.8%) received local
radiotherapy. For the metastatic stage (3.2%) the systemic
treatment has been administered based on the available
protocols.

‘ DOI: https://doi.org/10.2298/SARH240802098D
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Table 1. Initial clinical disease stage in the study population

Initial clinical disease stage N (%)*

| 11(8.9)
lla 34 (27.4)
b 8(6.5)
llla 5(4)
b 42 (33.9)
\Y 4(3.2)
Unknown 20 (16.1)
Total 124 (100)

Table 2. Types of surgery performed in patients eligible for surgical
treatment

Type of surgery N (%)
Modified radical mastectomy - Madden 84 (70)
Simple mastectomy 5(4.2)
Sparing surgery 13(10.8)
Unknown 18 (15)
Total 120 (100)

Table 3. Pathohistological tumor types in our study population

Pathohistological tumor type N (%)
Ductal invasive carcinoma 87 (70.2)
Lobular invasive carcinoma 8(6.5)
Tubular carcinoma 1(0.8)
Medullary carcinoma 1(0.8)
Mixed ductal carcinoma + lobular carcinoma 4(3.2)
Ductal carcinoma in situ 4(3.2)
Multiple carcinomas 1(0.8)
Unknown 18 (14.5)
Total 124 (100)

Table 4. Frequency of tumor sizes in our study population

Tumor size (pT) N (%)

T1 34 (27.4)
T2 39(31.5)
T3 3(2.4)

T4 21(16.9)
Unknown 27 (21.7)
Total 124 (100)

Follow-up and treatment outcomes

During the follow-up, one-third of the patients (43/124,
35%) had metastases. The most common were bone metas-
tases (20/43, 47%), followed by visceral (13/43, 30%) and
soft-tissue metastases (10/43, 23%). One-third of patients
relapsed (40/124, 32.5%). The median overall survival
was 121 months (95% CI: 58.1-183.9) (Figure 1). Median
disease-free survival was not reached (Figure 2). Median
survival until disease progression was 84 months (95% CI:
58.8-109.1) (Figure 3).

The median survival for patients with initial clinical dis-
ease stages I, IIa, and IIIb was not reached, while patients
with initial disease stages IIIa, IIIb, and IV had a median
survival of 39 months (Figure 4). Patients with T3/T4 tu-
mors had significantly shorter overall survival than those
with T1/T2 stages (73 vs. 121 months) (Figure 5). Patients
with N+ status had a median survival of 84 months, while
the median survival was not reached in patients with the
NO status (Figure 6).
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Table 5. Univariate and multivariate Cox regression analysis of overall
survival in male breast cancer patients

10 + Initial disease stadi
| L T Univariate regression analysis HR 95% Cl p

o HHL - - eonaand Initial disease stadium 6.367 | 2.603-15.573 | < 0.001
g Pathohistological T stadium 2316 | 1.050-5.107 | 0.041
'g o8 ‘L Pathohistological N stadium 1.012 | 1.001-1.022 | 0.027
- “IH Fog fanktestprat Distant metastasis 3447 | 1.646-7.217 | 0001
: L Positive estrogen receptor status | 0.097 | 0.025-0.375 | 0.001
§ o Adjuvant therapy 0417 | 0.210-0.828 | 0.012
Adjuvant hormonal therapy 0.413 | 0.208-0.820 | 0.012
00 Systemic therapy 3.899 | 1.671-0.099 | 0.002

Multivariate regression analysis
Positive estrogen receptor status‘ 0.058 ‘ 0.005-0.650 | 0.021

Time

Figure 4. Kaplan-Meier curve of overall survival concerning disease Table 6. Univariate and multivariate Cox regression analysis of survival

stage to disease progression in male breast cancer patients
The following potential predictors for overall survival | Univariate regression analysis HR 95%Cl P
and survival until the disease progression were analyzed: | Initial disease stadium 3.637 | 1.717-7.703 | 0.001
age, initial disease stage (I/IIa/IIb vs. IIIa/IIIb/IV), T stage, Positive estrogen receptor status | 0.251 | 0.070-0.903 | 0.034
N status, ER, PR, and HER?2 status, adjuvant therapy (hor- Adjuvant therapy 0478 | 0.244-0.935 | 0.031
monal or systemic). The univariate and multivariate Cox | Multivariate regression analysis
regression analyses for overall survival and survival un- | Initial disease stadium | 3620 | 1.008-13.003 | 0.049

til the disease progression are shown in Tables 5 and 6,
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DISCUSSION

In this study, we have shown the management experience
of male BC at the Serbian referral facility for BC treatment
(IORS). As male BC is an exceedingly uncommon dis-
ease, retrospective studies like this still provide most of our
knowledge. In comparison to women, men are diagnosed
with BC 100 times less frequently, with a peak incidence
occurring at age 67, which is later than for women [1, 6].
The subjects’ average age in our study was 64.29 + 11.18
years, which is comparable to other studies [1, 3, 6, 7, 8].
Worldwide, the prevalence of BC in both men and women
are rising [1, 5]. BC in females is detected more frequently
in the asymptomatic phase, because of advanced screening
programs [9]. However, as males are not screened for BC
in any country in the world, the incidence of the disease in
the male population remains obscure and it typically pres-
ents in more advanced stages [5]. This is supported by our
study, which found that 75% of patients were diagnosed in
more advanced clinical stages, and almost 50% of surgically
treated patients had metastatic disease present in axillary
lymph nodes. Similarly, in a recent study that included a
larger population, 46.7% of male patients with BC had
metastatic disease in axillary lymph nodes at the time of
the diagnosis [6]. Contrary to other studies, however, most
of our patients had axillary dissection rather than sentinel
lymph node biopsy, a highly accurate technique that low-
ers surgical complications [10]. This is because sentinel
lymph node biopsy is still not performed in most Serbian
BC treatment facilities due to technical reasons.

Only 8.9% of the patients in our study had a stage I di-
agnosis while most patients were in stages II (33.9%) and
III (37.3%). A comparable retrospective study conducted in
Czechia between 2007 and 2017 found that more patients
(37%) had been diagnosed with stage II, and fewer pa-
tients (26%) with stage III [7]. Some other studies showed
a significantly higher proportion of patients in stage I of
the disease (around 37%), which contradicts our findings
[6, 11]. This can be explained by a generally lower level of
health awareness in our population, the challenges associ-
ated with accessing healthcare, and the unavailability of
modern diagnostic techniques before 2014. For example,
preoperative core needle biopsy of suspicious breast lesions
became available in IORS only after 2014.

Unlike women with BC, men with BC typically do not
undergo sparing operations due to the smaller volume of
breast tissue [12]. Although most patients in our study
(70%) underwent a modified radical Madden mastectomy,
a considerable portion of the patients (10.8%) underwent a
sparing procedure. These patients had multiple comorbidi-
ties and were not suitable candidates for a more invasive
surgical procedure.

Research indicates that male BCs are more likely to be
of the ductal subtype and to express hormone receptors
more frequently than HER2 receptors when compared to
female BCs [5, 6, 13]. The results of this study are con-
sistent with data from the literature showing that ductal
invasive carcinoma was the most prevalent tumor type
in our population (70.2% of cases). While only a small
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portion of the study population had data on BC receptor
expression analysis available, over 80% of the analyzed BCs
were hormone-dependent tumors, and 60% were HER2-
negative. Similar results were obtained by Bielcikova et
al. [7] as nearly 90% of their population had hormone-
dependent and HER2-negative BCs.

Consistent with data from the literature, adjuvant che-
motherapy was administered to almost one-third of our
patients, two-thirds received adjuvant antiestrogen therapy,
and roughly half underwent postoperative radiation [8,
13, 14].

Men with BC generally have a worse prognosis than
women with BC [13, 15]. Many studies indicate that BC
may be biologically different between sexes even though
shorter survival in men may be, to some extent, explained
by older age and later stage at diagnosis [1, 3, 13, 15]. In
one of the largest studies that compared overall survival
in male and female BC, Wang et al. [15] concluded that
male patients had significantly higher mortality across all
stages [15]. Namely, in men vs. women, the overall survival
rate was 45.8% vs. 60.4%, while three-year and five-year
survival rates were 86.4% vs. 91.7% and 77.6% vs.86.4%,
respectively. Another recent study showed that males with
BC had worse overall survival compared to females with
BC when in stages III and IV, while overall survival was
similar in early BC stages [16]. In our study, the patients’
median overall survival was 121 months (95% CI: 58.1—
183.9), and in one third (32.5%) disease relapsed. These
data are comparable with the conclusions of other studies
done in Europe [6, 7].

Patients with initial disease stage IIIa, IIIb, or IV had a
median survival of 39 months, and this is the most impor-
tant predictor for disease progression in our study. Patients
with T3/T4 tumors had significantly shorter overall surviv-
al than those with T1/T2 stage (73 months vs. 121 months).
These results are in accordance with the results of other
studies (3, 7, 15, 16, 17].

In our analysis, positive ER status was the most signifi-
cant favorable predictor of overall survival. The patients
with positive ER status had a 94% lower chance of dying
(HR: 0.058; 95% CI: 0.005-0.650, p = 0.021). However,
in comparison to women, men with ER-positive BC were
found to have higher mortality independently of tumor
stage [15, 18]. Given that most male BCs express ER-beta
whereas most female BCs express ER-alfa, one explana-
tion could be that male BC has a different ER subtype
than female BC [13]. ER status is an important predictor
of overall survival in males with BC across the other stud-
ies [6, 15, 16, 18, 19], but surprisingly not in the research
performed by Bielcikova et al. [7] where PR status was an
independent predictor of overall survival in male BC pa-
tients. In our study, PR and HER?2 status were insignificant
predictors of the overall survival of our patients, which is
comparable with the study of Yao et al. [18]. Nevertheless,
only a small portion of the BCs in our research had an
evaluation of hormone receptor expression. Modern di-
agnostic procedures should be more widely used in all
Serbian centers treating male BC patients, given the effect
of this information on overall survival and the decision
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about the patient’s subsequent care. Although the current
guidelines recommend using similar algorithms for thera-
peutic decision-making in male as in female BC patients,
there is widespread concern that only a fraction of male
BC patients are currently treated with adjuvant hormonal
and radiation therapy [6, 8, 10].

The retrospective nature of the research and the miss-
ing data are the limitations of our study. Hopefully imple-
menting the computer system in all medical centers will
improve medical research in our country by providing
more detailed data.

CONCLUSION

Male BC is a rare disease, but its incidence is rising. In
comparison to women, men are typically diagnosed later
in life and with more advanced disease. As IORS is the
referral center for BC treatment in Serbia, and the fact
that there are no systematic registers of this disease in our
country, this study mirrors important epidemiological
and clinical facts regarding this rare disease in the Serbian
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population. Our research indicates that patients with ER-
positive tumors, who are diagnosed with the disease early
and do not have any distant or local metastases have sig-
nificantly better overall survival rates. Although part of
our population did not have access to advanced diagnostic
techniques, as they were not available in Serbia until re-
cently, overall, the results we obtained are in line with those
of other European centers. It is imperative for all medical
centers in Serbia that encounter males with BC to adhere
to current oncological guidelines and adopt a customized,
multidisciplinary management approach.
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KapuuHom fojKe Kog mMyLuKapaLa — UCKYCTBO jeAHOT LieHTpa

Wrop Bypuwuh', Munan Xerapay'? Munan Kouuh', Bnagummp Jokuh', Hukona Byunh', OrtbeH Metposuh', Haga CaHTpay'?,

JoBaHa KoHuap', AHhena Mee3snh', Cpha Hukonuh'?

MHcTuTyT 32 OHKONorwUjy 1 paguonorujy Cpbuje, beorpag, Cpbuja;
*Ynuep3utet y beorpapy, MeguumHcku akyntet, beorpan, Cpbuja

CAMETAK

Yeoa/LUnmb KapunHom fojke Kog MyLuKapaLa je 13y3eTHO peT-
Ka bonecT, Koja MMa UHLMAEHLY Of Matbe off jefiHe ocobe Ha
100.000 /byam n npefcrasba camo 0,5% CcBMX KapLMHOMa Koju
ce jaB/bajy koA MyLiKapaua. OBa cTyAurja nma 3a Lnb Aa npes-
CTaBW NCKYCTBO MIHCTVTYTa 3a OHKonorwjy 1 paguonorujy Cpou-
je'y anjarHoCTULM 1 Neyerby MyLKapaLia ca KapLMHOMOM A0jKe.
MeTopae Y 0By peTpOCNeKTUBHY CTYANjY CY YK/byYeHU CBU
MyLLKapLM Koju cy neveHn y VIHCTUTYTY 3a OHKONOrujy 1 pa-
avonorujy Cpbuje 36or KapumHoma Aojke y neprogy og 1997.
roguHe 1o 2016. roanHe. YKynHo 124 6onecHrika aHanusnpaHa
cy npema feMorpadCckim, KMMHUYKUM 1 MaTOXUCTONOLLKUM
KapaKkTepucTKama, TepaneyTckoM MPUCTYMy 1 NCXOAY Neyetba.
PesynrtaTtmn BehriHa 6onecHuKa je nHuumjanHo 6una y ctagu-
jymy lla (27,4%) v lllb (33,9%). Kop 70% 6onecHyiKa cnpoBepe-
Ha je MoandrKoBaHa paguKanHa mactekTomuja no Mageny.
[lyKTanHu HBa3UBHW KapumnHOM, Hajuewhe y ctagujymy T2,

DOI: https://doi.org/10.2298/SARH240802098D

6110 je HajdbpeKBEHTHUjI MATOXMCTOMNOLKY TUM Tymopa. BehrHa
60necHKa je MMana No3uT1BaH CTaTyC ecTporeHcKux (92,1%) n
nporecTepoHcKUXx (82,4%) peuenTtopa, Aok je 60% GonecHuKa
MMano HeraTrBaH CTaTyC peLienTopa 3a XyMaHu enmaepmaiHm
dakTop pacta. MeamjaHa yKynHor npexviBrbaBatba je 6una 121
MeceL. [O3MTVBHU CTaTyC 3a eCTPOreHCKM PELIENTop je UAEHTN-
$VKOBaH Kao HajBaxHWjI1 NPeANKTOP YKYMHOT MPeXB/baBaba,
BOK Cy 6bonecHULM y MHULMjanHom cTagujymy 6onectu llla/lllb/
IV umanwu Behin pusnk 3a nporpecujy 6onectu.

3aksbyyak Pe3ynTaty Haller ncTpaxusatba noTphyjy aa my-
WKapLy ca KapLYHOMOM [0jKe KOj/ NCMOoJbaBa eCTporeHcKe
peLenTope, Yuja je AnjarHo3a NocTaB/beHa y paHOM CTagujymy
6051eCTU 11 KOjU HEMAjy PEervoHanHe Uiv yaarbeHe MeTacTase,
1Majy 3HauajHo 60Jbe NpeXrBIbaBae.

KrbyuHe peum: KapLiHOM [0jKe; MyLLKapLV; MPEXBIbaBatbE;
CTagmnjym; peLientop
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Clinical application of traditional Chinese medicine
eye-coating agents in the treatment of hordeola
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SUMMARY

Introduction/Objective This study aimed to investigate the therapeutic efficacy of combining traditional
Chinese medicine (TCM) eye-coating agents with levofloxacin in treating patients with a hordeolum.
Methods Using convenience sampling, 110 patients with a hordeolum treated at Tianjin Eye Hospital
between March and June 2018 were included in this study. Patients were randomly divided into three
groups: a coating agents’ group (coating agents + levofloxacin, n = 37), a wash group (eyelid wash +
levofloxacin, n = 38) and a control group (levofloxacin alone, n = 35). Data on nodule size and visual
analogue scale (VAS) scores for pain were collected before treatment and at three, five and seven days
after treatment. Treatment efficacy was assessed after seven days, and comparisons were made between
the three groups regarding nodule size, VAS scores and therapeutic outcomes.

Results Repeated-measures analysis of variance showed significant time effects, group effects and
time-group interactions for both nodule size and VAS scores (p < 0.05). Over time, all groups exhibited
a significant reduction in nodule size and VAS scores compared with the baseline. Pairwise comparisons
revealed that on days three, five and seven, the order for nodule size and VAS scores was consistent across
the groups: coating agents’ group = wash group < control group. Treatment efficacy comparisons were
statistically significant (94.59% vs. 86.84% vs. 71.43%, x°= 7.622, p < 0.05), with the order from highest to
lowest efficacy being as follows: coating agents’ group = wash group > control group.

Conclusion The combination of TCM eye coating agents with levofloxacin shows promise in treating
a hordeolum, effectively reducing eyelid swelling and pain, shortening healing time and improving
treatment success rates.

Keywords: Traditional Chinese medicine eye coating agents; hordeolum; levofloxacin; clinical outcomes

INTRODUCTION

A hordeolum refers to the acute purulent in-
flammation of the eyelid glands, often caused
by Staphylococcus aureus infection [1]. This
condition is a frequently occurring disease
commonly diagnosed in ophthalmology out-
patient clinics. A study identifies the presence
of Staphylococcus aureus in the nasal cavity as a
primary etiological factor in the onset of a hor-
deolum [2]. Clinically, it manifests as localized
redness, swelling, heat and pain, with a palpable
nodule at the affected area, known as a stye.
If the hordeolum is near the external canthus,
the pain is often more severe and may lead to
reactive conjunctival oedema. It is imperative
to avoid self-draining any formed abscess to
prevent bacterial backflow into the cranial cav-
ity, which could lead to severe complications,
such as cavernous sinus thrombosis, which may
be life-threatening.

In clinical practice, the treatment of a hor-
deolum is based on Western medicine, which
typically involves the use of systemic and topi-
cal antibiotics to control inflammation, com-
bined with heat applications to facilitate the

resolution of the inflammatory process. When
an abscess forms, incision and drainage should
be performed [3]. Western medicine aims to
alleviate symptoms, promote the discharge of
pus and prevent spreading. However, the exces-
sive use of Western eye drops can lead to drug
resistance in the eyes, thereby reducing their ef-
ficacy in treating recurrent conditions, such as
herpes zoster ophthalmicus. Moreover, surgery
for hordeolum can cause psychological discom-
fort in patients and even the formation of eyelid
scars [4]. The treatment duration usually lasts
5-10 days, severely disrupting patients’ daily
activities and occupational commitments.
Frequent non-compliance due to work or aca-
demic obligations often results in an extended
course of the disease and increases the likeli-
hood of requiring surgical drainage [4].

In recent years, traditional Chinese medi-
cine (TCM) has shown promise in treating
hordeola and has been receiving increasing at-
tention. TCM treats styes based on etiology and
pathogenesis and is safer than Western medi-
cine. Western medicine has large side effects
in treating styes, and TCM can make up for
the shortcomings of Western medicine with its
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mild efficacy and good conditioning. Many clinical studies
have shown that TCM is effective in treating styes; it is safe
and quick in effect. TCM has mild properties and little
gastrointestinal irritation [5, 6, 7]. In TCM, a hordeolum is
known by various names such as “needle eye,” “subcutane-
ous canker;” “soil ulcer” or “stolen needle” A hordeolum is
described as a condition where the eye suddenly develops
a vesicular rash and produces pus within three to five days
[1]. The treatment philosophy in TCM has traditionally
focused on clearing heat, detoxification and alleviating
circulatory stasis [7, 8, 9]. Various methods derived from
this philosophy, including herbal fumigation, ultrasonic
herbal eye baths, direct current iontophoresis and herbal
poultices, have demonstrated efficacy [7, 9, 10, 11]. TCM
also places a significant emphasis on eyelid hygiene and
anti-inflammatory treatment. The TCM eyelid wash has
gained widespread usage due to its cost-effectiveness. It
functions with the dual capabilities of cleansing and anti-
inflammatory effects and exhibits high patient acceptability
[10]. A specialized TCM eyelid wash formula has been de-
veloped in our institution, comprising key ingredients such
as Rheum rhabarbarum, Scutellaria baicalensis root, Coptis
trifolia, and Phellodendron bark. This formula has dem-
onstrated efficacy in heat dissipation, swelling reduction,
detoxification, and blood circulation promotion without
any observed adverse reactions [12]. When applied as a wet
compress, this eyelid wash can directly treat the affected
area by targeting locally produced inflammatory mediators
to reduce inflammation and promote blood circulation.
This, in turn, alters the local tissue’s oxygen supply envi-
ronment and reduces local inflammatory responses [13].

However, the herbal decoctions in TCM are often cum-
bersome to prepare and store, leading to poor patient ad-
herence. Therefore, to improve patient compliance with-
out compromising therapeutic efficacy, there is a need for
new, more convenient forms of application. Chinese herbal
coating agents offer a promising alternative because they
maintain effective drug concentrations, are easy to apply
and store and can prolong the drug’s residence time in the
affected area [14]. The objective of this study is to evalu-
ate the clinical effectiveness of a novel TCM topical agent
in combination with levofloxacin in comparison with the
established treatment protocol that involves the use of
TCM eyelid wash and levofloxacin for the management
of hordeola.

METHODS
Research participants

Using convenience sampling, data were collected from 110
cases of patients with a hordeolum admitted to Tianjin Eye
Hospital between March 2018 and June 2018. If both eyes
were affected, the more severe eye was studied. The pa-
tients were randomly divided into a coating agents’ group
(coating agents + levofloxacin) consisting of 37 cases, a
wash group (eyelid wash + levofloxacin) with 38 cases and
a control group (levofloxacin only) with 35 cases.
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Inclusion criteria: (1) patients with a disease course
within one week, no self-administered antibiotics, no use
of steroid eye drops or ointment, no oral anti-inflamma-
tory medication and no systemic symptoms, such as fever;
(2) patients with good compliance, able to return for fol-
low-up within seven days after the initiation of treatment.

Exclusion criteria: (1) patients with a disease course
exceeding one week who had used relevant medications;
(2) patients with localized pus or hordeolum ulceration; (3)
patients with other severe eye diseases, such as glaucoma
or retinal diseases; (4) patients allergic to the drug com-
ponents, pregnant or breastfeeding women and children;
(5) patients unable to comply with the treatment schedule
or return to the clinic on time.

This study was approved by the hospital ethics com-
mittee (ethics number TJYYLL-2017-09). All participants
or their legal guardians provided informed consent and
signed written consent forms. In the case of underage
participants, their guardians were ensured to fully un-
derstand the content of the study and signed informed
consent forms.

Diagnostic criteria

The diagnostic criteria for a hordeolum are based on the
guidelines edited by Loth et al. [15]. The condition is de-
fined by localized redness, swelling, warmth, eyelid skin
pain, induration, and significant tenderness upon palpa-
tion. In all patients, regularity of the eyelid margin, conges-
tion, blockage of meibomian glands and the shifting area
where the mucous membrane of the eyelid margin meets
the eye skin are observed under slit-lamp microscopy.

Treatment protocols

Coating agents’ group: 0.5% levofloxacin eye drops are
applied to the affected eyelids four times daily, with 1-2
drops per application. Concurrently, an herbal coating
agent made from the extracted components of the eyelid
wash is used, which is evenly spread over the eyelids with
a cotton swab twice daily for 15 minutes per application
for a continuous six-day treatment period, as one course
of therapy.

Wash group: 0.5% levofloxacin eye drops are applied to
the affected eyelids four times daily, with 1-2 drops per
application. Concurrently, a TCM eyelid wash solution is
used, applied twice daily for 15 minutes each time over
a continuous six-day treatment period to complete one
course of therapy.

Control group: 0.5% levofloxacin eye drops are admin-
istered to the affected eyelids four times daily with 1-2
drops per application for a continuous six-day treatment
period, constituting one course of therapy.

The eyelid wash consists of 10 g each of Rheum rhabar-
barum, Scutellaria, Coptis and Phellodendron. The prepa-
ration process involves taking 10 doses of herbal pieces,
totaling 400 g, and adding 4,800 ml of water. The mixture
is soaked for 20 minutes and then decocted using an auto-
mated herbal decoction packaging machine for 90 minutes,
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yielding a total of 3600 ml of herbal liquid. Each dose is 360
ml, and each sachet contains 180 ml. The liquid is stored
at temperatures of 0-4°C and is applied to the eyes twice
daily, with an approximate volume of 90 ml each time.

The herbal coating agent for the eye is prepared by first
making an herbal extract concentrate from the eyelid wash
using a rotary evaporator. According to the Pharmacopoeia
of the People’s Republic of China, 1 g of the extract cor-
responds to 2-5 g of raw material. In this experiment, the
prepared extract corresponds to 3.48 g of raw material,
which complies with the Pharmacopoeia standards. An
appropriate amount of polyvinyl alcohol (PVA) is placed
in beaker 1 and dissolved in distilled water at 85°C. An ap-
propriate amount of extract is placed in beaker 2, added to
distilled water and stirred until completely dissolved. The
fully dissolved medicinal liquid from beaker 2 is poured
into beaker 1 and mixed with PVA. Then, 95% ethanol is
added dropwise while stirring, followed by the slow ad-
dition of acetone while continuing to stir. Finally, a small
amount of nitrocellulose and menthol are added, and the
mixture is allowed to cool naturally. The final product is
stored at temperatures of 0°C-4°C.

The levofloxacin eye drops were purchased from
Youfeng Pharmaceuticals (Yufeng International Group Co.,
Ltd., Wuxi, Jiangsu China) Ltd., Batch Number: J20100046.

Data collection

Before treatment, basic information, and clinical char-
acteristics of the patients, such as gender, age, and lump
location, were collected. The lump size and pain visual
analogue scale (VAS) scores of the patients were collected
before treatment and at third, fifth and seventh days after
treatment. The treatment efficacy was evaluated after seven
days of treatment.

Lump size measurement (mm): A calipers was used to
measure the maximum diameter of the lump.

VAS score: This was utilized to assess the pain con-
ditions before and after treatments for both groups. The
score directly correlates with the intensity of the pain. A
score of 0 indicates no pain, and the maximum score is ten.
A score of < 3 indicates mild pain, 4-6 indicates moderate
pain and > 7 indicates severe pain [16].

The efficacy evaluation was performed based on the cri-
teria for blepharitis outlined in “Practical Ophthalmology”
[17], as follows: (1) cured - redness, swelling, heat and pain
symptoms disappear, conjunctiva shows no signs of edema

Table 1. Comparison of general patient characteristics

or congestion and there is no tenderness upon palpation.
Recovery is complete; (2) improved — reduced redness and
swelling and alleviation of heat and pain symptoms. Mild
discomfort still present; (3) ineffective — no alleviation of
symptoms or worsening conditions, resulting in suppu-
ration, rupture or the need for incision and drainage. In
severe cases, cellulitis of the eyelid may occur, presenting
systemic symptoms such as fever, chills, and headaches.

The overall effectiveness rate was calculated as Total
Effective Cases = (Cured + Improved) Cases / Total Cases
x 100%

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics for Windows, Version 26.0 (IBM Corp., Armonk,
NY, USA). Data with normal distribution were expressed
as x £ s. One-way analysis of variance (ANOVA) was used
for comparing group means. Repeated measures ANOVA
were used for repeated measures data. The least significant
difference method was employed for pairwise comparisons
between groups. Count data were represented by frequency
or rate and analyzed using the x” test. Pairwise comparisons
for count data were performed using the x* partitioning
method. A value p < 0.05 was considered statistically sig-
nificant.

Ethics: This study was conducted in accordance with
the declaration of Helsinki, and with approval from
the Ethics Committee of Tianjin Eye Hospital (NO.:
TJYYLL-2017-09).

RESULTS
General patient information

A total of 110 patients were included in this study. The
coating agents group consisted of 37 patients (16 men and
21 women) with an average age of 28.31 + 10.32 years. The
wash group had 38 patients (17 men and 21 women) with
an average age of 29.76 + 8.43 years. The control group had
35 patients (15 men and 20 women) with an average age of
28.44 + 9.39 years. There were no statistically significant
differences among the three groups in terms of gender
ratio, age, lump size, VAS scores or lump location before
the treatment (p > 0.05). The comparability among the
groups was satisfactory (Table 1).

. Coating agents’ Wash group Control group 2 y
Variable group (n = 37) (n=38) (n = 35) ¥*/F value p-value
Gender (male/female) 16/21 17/21 15/20 0.030 0.985
Age (years, x £ s) 28.31+10.32 29.76 £ 8.43 28.44£9.39 2.312 0.212
Lump Size (mm, x = s) 9.13 £5.08 7.88 +4.47 8.58 £5.17 1.897 0.321
VAS Score (points, X £ s) 6.82 £2.01 7.02+243 6.92+1.83 2.110 0.254

) Right eye 20 20 15
Lump location 1.063 0.588
Left eye 17 18 20

VAS - visual analog scale for pain
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Table 2. Comparison of mass size and VAS score within seven days post-treatment
. ) Coating agents’ Wash group Control group
Va”able Tlme group (n = 37) (n = 38) (n = 35) interaction interaction Flime time treatment treatment
Baseline 9.13+5.08 7.88 +4.47 8.58+5.17
i Day 3° 523+£3.11 5.11+£2.89 6.10 + 3.56
Lump size |22y 343.142/0.001 | 129.532/0.001 | 352.532/0.001
(mm, x £5) Day 5° 231+£1.28 228+ 1.16 3.56 £2.19
Day 7° 1.02+0.34 1.13+0.28 234+1.03
Baseline 6.82 £2.01 7.02+243 6.92 +£1.83
VASscore | py 3 3.51+1.96 3.61£2.13 478+2.11
(points, 232.322/0.001 241.253/0.001 263.132/0.001
X +5) Day 5° 1.31+0.93 1.45+1.11 3.14+£1.22
Day 7° 043 £0.11 0.52+0.12 211141

VAS - visual analog scale for pain;
astatistically significant inter-group differences

Comparison of lump size and VAS scores within
seven days post-treatment

A one-way repeated-measures ANOVA was employed
to explore the effects of different treatment methods on
lump size and VAS scores within seven days following
treatment. According to the Shapiro-Wilk test, the data
for each group followed an normal distribution (p > 0.05).
Mauchly’s sphericity test showed that the covariance ma-
trices of each group were equal (p > 0.05). Data are repre-
sented as x + s (Table 2).

In terms of lump size, the interaction between time
and treatment was significant across the three groups
(F, teraction = 343.142, p < 0.001). This finding suggests that
the individual effects of different treatments on lump size
varied at four different time points. Furthermore, the lump
size in all three groups decreased over time (F, =129.532,
p < 0.001). Different treatments had various effects on
lump size (F = 352.532, p <0.001). Pairwise com-
parisons on days three, five, and seven showed that the
sequence of lump sizes remained consistent across the
three groups: coating agents’ group = wash group < con-
trol group.

In terms of VAS scores, there was significant inter-
action between time and treatment in the three groups
(F, eraction = 232.322, p < 0.001). This finding shows that the
impact of different treatment methods on VAS scores is
different at different time points. As treatment progressed,
the VAS scores of all groups decreased significantly
(F,,. = 241.253, p < 0.001), reflecting the positive effect
of treatment on pain relief. In addition, the effects of dif-
ferent treatment measures on VAS scores also showed sig-
nificant differences (F_  =263.132,p <0.001). Pairwise
comparisons conducted on days three, five, and seven after
treatment showed that the order of VAS scores among the
three groups was consistent: coating agents’ group = wash
group < control group.

Comparison of efficacy rates among the three
groups

The results indicated that in the coating agents’ group, six
patients were cured, 29 were effective and two were ineffec-
tive; in the wash group, two were cured, 31 were effective
and five were ineffective; and in the control group, one

‘ DOI: https://doi.org/10.2298/SARH240712009W

was cured, 24 were effective and 10 were ineffective. A
statistically significant difference was observed in the ef-
ficacy rates among the three groups (94.59% vs. 86.84% vs.
71.43%, x*=7.622, p < 0.05). Further pairwise comparisons
revealed that the efficacy rates among the three groups
were ranked as follows: coating agents’ group = wash group
> control group (Table 3).

Table 3. Comparison of efficacy rates among the three groups

Group Cured | Effective | Ineffective | Efficacy Rate
Coating agents 6 29 2 94.59%
group (n =37)
Wash group 0
e 2 31 5 86.84%
Control group 1 24 10 71.43%
(n=35) .
XZVaIUe 7622
p-value 0.022
DISCUSSION

In this study, both the coating agent and wash groups dem-
onstrated superior effectiveness in treating the hordeolum
size and alleviating pain compared with the control group.
Moreover, patients in the coating agent and wash groups
also exhibited quicker recovery rates than those in the con-
trol group. The overall effectiveness was also higher in the
coating agent and wash groups compared with the control
group. These findings indicate that the integration of TCM
with levofloxacin-based treatment can significantly enhance
therapeutic outcomes for hordeola. These results are con-
sistent with previous studies, as many have shown that the
combination of TCM and Western medicine in treating
hordeola is more effective than using antibiotics or TCM
alone [18, 19, 20]. For instance, one study [18] applied a
topical formula combined with heat steaming and ofloxacin
ointment for early stage hordeola and found that it reduced
the rupture rate, showing better efficacy than antibiotics
alone. In another study, Ji et al. [19] used a combination of
levofloxacin eye drops and Wu Wei Xiao Du Yin (a TCM
formula) to treat hordeola, which not only showed signifi-
cant therapeutic effects but also reduced the recurrence
rate. These findings further confirm our study’s conclusion
that the integration of TCM and Western medicine can
significantly enhance the treatment efficacy of hordeola.
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The prescription used in this study consisted of Rheum
rhabarbarum, Scutellaria baicalensis (Huang Qin), Coptis
(Huang Lian) and Phellodendron (Huang Bai), which are
collectively known for their therapeutic effects of proper-
ties for heat-clearing, dispelling dampness, aiding detoxifi-
cation, promoting blood circulation, and reducing swelling.
These characteristics are crucial for explaining the superior
outcomes observed in the coating agents’ group and wash
group compared with the control group. All four herbal
ingredients inherently exhibit bitter and cold properties,
used for treating various overheating syndromes. Rheum
rhabarbarum is recognized for its heat-clearing, analgesic,
blood-cooling and detoxifying properties. Its major com-
ponents include both bound and free anthraquinones and
anthrones. Modern pharmacological studies indicate that
Rheum rhabarbarum possesses antibacterial activity [21,
22], and anti-inflammatory and antipyretic effects [23].
Research by Yong-Hai et al. [24] found that topical applica-
tion of Rheum rhabarbarum vinegar could rapidly control
inflammation and shorten the disease duration for a hor-
deolum. This is consistent with the study’s observation of
significant reductions in lump size and VAS scores in the
coating agent group and wash group, indicating effective
control of inflammation and pain. Scutellaria baicalensis
is associated with the lung and stomach meridians and is
particularly effective at clearing “real fire,” a term in TCM
that refers to acute inflammation or infection. Its decoction
has been found to have a broad-spectrum antibacterial
effect [25]. Further pharmacological investigations into
the primary components of Scutellaria revealed that ba-
icalein may exert its antipyretic effect by reducing levels of
lump necrosis factor and interleukins [26]. Additionally,
baicalein inhibits the expression of the cyclooxygenase-2
gene and prevents the binding of the transcription factor
CCAAT/enhancer-binding protein beta to DNA, thereby
interfering with arachidonic acid metabolism and exert-
ing an anti-inflammatory effect [27]. Coptis also displays
a broad-spectrum antibacterial activity and significantly
inhibits gram-positive bacteria, such as Staphylococcus au-
reus [25]. This is associated with the rapid alleviation of
symptoms in the treatment groups. The primary medici-
nal components of Coptis and Phellodendron are alkaloids
[28]. Specifically, berberine in Coptis can bind with single-
stranded or double-stranded DNA to form complexes that
impact DNA function [29]. Moreover, Phellodendron is
known for its antimicrobial and bacteriostatic effects. In
vitro studies have shown that it is most effective against
Chlamydia trachomatis and Pseudomonas aeruginosa [30].
Leveraging the significant antimicrobial properties of these
two ingredients, the coating agent can swiftly eliminate
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bacteria at the site of infection, thereby effectively alleviat-
ing the associated symptoms.

Nonetheless, this study has some limitations. First,
the cases examined were exclusively sourced from out-
patients of Tianjin Ophthalmology Hospital. The narrow
scope of the patient pool may introduce certain biases in
statistical interpretation due to the limited sample size.
Second, due to time constraints inherent in the research
process, the follow-up duration for patients was abbre-
viated, thus potentially compromising the assessment of
long-term clinical efficacy. Additionally, our study did not
employ a blinding method, which may have introduced
performance and detection biases, as both patients and
researchers were aware of the specific treatment assign-
ments. This awareness could have influenced the reporting
and interpretation of the results. Finally, the study falls
short in its investigation into the mechanisms of treatment,
especially in the context of TCM categorizations and theo-
retical elaborations. Accordingly, future research is called
for, with an expanded sample size, scientifically rigorous
and effective clinical efficacy studies, and well-designed
randomized controlled trials. Further exploration into the
scientific rationale and clinical evidence of treating styes
using this methodology is warranted. Establishing stable
animal models and deepening experimental and mecha-
nistic research, especially in neurology, humoral biology,
and histopathology, could be beneficial.

CONCLUSION

The combined application of topical TCM and levofloxa-
cin demonstrated commendable effectiveness in treating
styes. It successfully mitigated eyelid swelling and pain,
expedited the healing process and increased the overall
rate of effective treatment. Additionally, the established
preparation methods for the eye wash contribute to its
user-friendly nature, which is likely to enhance patient
compliance.
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KnuHnuKa npumeHa cpeactaBa 3a npemasmBakbe 0UMjy TPagMLUOHANHE KUHECKe
MeAMULUHE Y Ieyeky XOpAeonyma (UMHUUKa)

hu-Mjao Banr'#, Ju-Munr Ma**, Mewr Llanr?, Cja Llanr?, XoHr-Cja lowr', Ja-By Manr!
'MasHa nabopatopuja 3a odpTanmonorujy u Hayke o Bugy y TjeHumHy, OuHa 6onHuua y TjeHumHy, Oferberbe 3a TpaAULMOHATHY KIHECKY

mepunuuHy, TieHumH, Knna;

“[naBHa nabopatopuja 3a odtanmonorujy 1 Hayke o sugy y TjeHuuHy, OuHa 6onHuLa y TieHuuHy, Ogerserbe 3a dbapmauujy, TieHuuH, Knuna

*OBw ayTOpU Cy jeAHaKo [OMPUHENN 0BOj CTYANI

CAMETAK

YBop/Lum Linb oBe cTyamje 61o je fa nctpaxu eprkacHocT
npenapaTta 3a oYM TPagMLMUOHANHE KNHECKe MefuLnHe y
KOoMOVHaumju ca neBodIOKCaLMHOM Y fleyetby Xopaeosnyma
(Ummnuka).

Metopae Cryavja je obyxsaTtana 110 nauujeHaTa ca Xopaeony-
MOM KOjU Cy neyeHn y odTanmonoLwKoj 6onHmum y TjeHUuHy
of MapTa o jyHa 2018. roguHe. [auujeHTn Cy HaCyMMUYHO Mo-
[eJbeHn y TpU rpyne: rpyny ca CpefcTBMa 3a NpeMasmBarbe
(cpencTBo 3a NpemasuBame + neBodnokcauuH, n = 37), rpyny
3a Ucnmparbe Kanaka (Mcnvparbe Kamnaka + ieBoproKcaLmH,
n = 38) 1 KOHTPOJHY rpyny (camo nesodnokcauuH, n = 35).
Mopauy o BENMYMHU HOZYMA 1 pe3ynTaTi BU3yesHe aHaslorHe
ckane (BAC) 3a 6on nprKyn/beHu cy npe neyemsa, kao v tpeher,
neTor 1 CeAMOr AaHa HaKoH Jieyera. EGuKacHocT neverva je
npoLiereHa ceflam jaHa KacHuje, a ynopeheHu cy BenuumHa
Hogyna, BAC pe3ynTati 1 pe3yntaTu fieuerba Tpu rpyne.
Pesyntatu [loHOB/beHa aHanM3a BapuwjaHce NoKasana je 3Ha-
YajHe BpeMeHCKe edeKTe, rpyrHe epeKkTe N UHTepaKLmje Bpe-
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MEHCKMX rpyna nsmehy sennumHe Hogyna n BAC pe3syntaTa
(p < 0,05). Tokom BpemeHa, BenuuvHa Hogyna u BAC pesyntatu
CBUX rpyma 3HauyajHo Cy CMatbeHM y nopehery ca NoyeTHUM
cTareMm. [MapHo nopehere nokasano je ga cy Tpeher, netor
1 CeAMOr jaHa BennymHa Hoayna u pegocnen BAC pesyntata
6unv nctm n3mehy rpyna: rpyna ca cpeacTsrma 3a npemasyisa-
tbe = rpyna 3a Ucnupare < KOHTPOoJHa rpyna. Ynopehuarbe
TepaneyTcKkux edpekata 61O je CTaTUCTUYKM 3HaYajHO (94,59%
vs. 86,84% vs. 71,43%, x> = 7,622, p < 0,05), a pegocnen epu-
KacHOCTU Nieyerba 610 je cnegehu: rpyna ca cpeacTaumMa 3a
npemasvBare = rpyrna 3a UCnvpame > KOHTPOJHa rpyna.
3akmyyvak KombrHalmja npenapata 3a oun TpaguLMoHasHe
KHecKe MefuLvHe 1 neBodIOKCaLMHa Y neyery Xopaeosyma
MoKe epUKaCHO CMarUTV OTOK 1 60N Kanka, CKpaTuTy Bpeme
3apacTarba 1 No60sbLIATY CTOMY YCMELWHOCTY NleYeHsa.

KJ'by'-lHe peun: cpeacTBa TpaguloHaiHe KMHeCKe megnunHe

3a MpemasuBatbe 0Umjy; XopAeonyM; NeBOGNOKCALIH; KNMHNY-
K ucxop,
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The effect of three different acrylic intraocular
lenses and capsulorhexis diameter on the posterior
capsule opacification development

Dusan Todorovi¢'?, Suncica Sre¢kovi¢'? Nenad Petrovi¢'? Goran Damjanovic?,
Miroslav Stamenkovic¢**, Jovana Srejovi¢'?, Katarina Cupic¢'?, Tatjana Sarenac Vulovi¢'?

'Kragujevac University Clinical Center, Clinic of Ophthalmology, Kragujevac, Serbia;

University of Kragujevac, Faculty of Medical Sciences, Department of Ophthalmology, Kragujevac, Serbia;
3University Clinical Center of Serbia, Eye Clinic, Belgrade, Serbia;

“Zvezdara University Medical Center, Belgrade, Serbia;

SUniversity of Belgrade, Faculty of Special Education and Rehabilitation, Belgrade, Serbia

SUMMARY

Introduction/Objective Cataract represents a blur of the crystalline lens. The only possible way of cataract
treatment is the surgical one. One of the most common postoperative complications is the development
of posterior capsule opacification (PCO). The aim of this study was to exam the effect of three different
acrylic intraocular lenses (IOLs) and the capsulorhexis diameter on PCO development.

Methods The study included 92 patients with a diagnosis of senile cataract divided into three groups ac-
cording to the IOL type. Every group was further divided into two subgroups depending on capsulorhexis
size. PCO was measured in the first, sixth, 12th, 18th, and 24th month after the phacoemulsification.
Results The lowest PCO 24 months after phacoemulsification was measured in patients with three-piece
hydrophobic IOL (0.3 + 0.08). Capsulorhexis diameter less than 5 mm had a statistically significant effect
in patients with single-piece hydrophilic (0.416 + 0.187) and single-piece hydrophobic IOL (0.411 + 0.082)
for two years follow-up.

Conclusion PCO causes a decrease of visual acuity and can be a reason for patients’ dissatisfaction in
postoperative period. The only possible way for the treatment of developed PCO is the usage of YAG laser
capsulotomy, a procedure which can be associated with serious complications. Thereby, the finest way
for PCO treatment is its prevention. The main role in that prevention has a choice of adequate surgical
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technique and IOL.
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INTRODUCTION

Cataract represents a blur of the crystalline
lens. It is followed by the decrease of the vi-
sual acuity as the main symptom of the disease.
Other symptoms include lental myopia, mon-
ocular diplopia, glare, decreased contrast sen-
sitivity [1]. According to research from 2010,
it is believed that over 90 million people in the
world have some kind of visual impairment,
and about 40 million are blind. Cataract is not
only the most common lens disease, but it is
also the leading cause of blindness in the world
[2]. It is known that senile cataracts begin to
develop in every patient who is over 65 years
old. It develops due to agglomeration of pro-
teins, influx of water into the lens or disorders
of lens fiber differentiation. For this reason, we
clinically distinguish the three most common
types of cataracts: nuclear, cortical, and sub-
capsular [3]. Even though many investigators
attempted to discover a substance which would
be able to stop and reverse the process of cata-
ract forming, the surgery remains the only pos-
sible way for treatment of developed cataract
[4, 5]. Cataract surgery is the most performed
surgical procedure in medicine worldwide [6].

For the last few decades phacoemulsifica-
tion has been established as the most effective
method in cataract surgery [7]. Using ultra-
sound energy, phaco probe aspirates the cata-
ract. The probe contains a piezoelectric crystal,
which vibrates with ultrasonic frequencies [8].
Among the many advantages is the creation of
a relatively closed system during cataract sur-
gery with a deeper and stable anterior chamber,
which is associated with a reduced risk of intra-
operative and postoperative complications [9].
Even though this technique has improved all
aspects of cataract surgery, complications still
occur. One of the most common postoperative
complication is posterior capsule opacification
(PCO) (Figure 1) [10]. By reducing postopera-
tive best corrected visual acuity PCO could be
a reason for patient’s dissatisfaction in postop-
erative period. Good control of preoperative
inflammation and glycemia, capsulorhexis di-
ameter, enhanced hydrodissection, bimanual
aspiration, choice of an adequate intraocular
lens (IOL), postoperative anti-inflammatory
therapy are some of the possibilities to reduce
PCO incidence [11].

The aim of this study was to examine the
effect of three different acrylic IOLs and
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Figure 1. Posterior capsule opacification

capsulorhexis diameter on the PCO development in two
years follow-up.

METHODS

The study was designed as a prospective, randomized
study. It was conducted at the Clinic of ophthalmology,
University Clinical Centre Kragujevac, Serbia. It included
92 patients with a diagnosis of senile cataract who were
scheduled for cataract surgery. With the approval of the
institutional Committee on Ethics (number 01/17/1829)
and according to the tenets of the Declaration of Helsinki,
the patients gave their written consent at the beginning
of the study.

The main inclusion criteria were the presence of senile
cataract. Patients under the age of 65 or those with other
cataract types were excluded from the study. Patients with
previous history of intraocular injuries or surgeries, as well
as those who treated uveitis, glaucoma, retinal diseases or
had zonular weakness were not able to participate in the
study. Patients who were on chronic anti-inflammatory
therapy were also excluded. The existence of pseudoexfo-
liation or pigment dispersive syndrome was also an exclu-
sion criterion.

Before and after the surgery patients passed a complete
ophthalmological examination including visual acuity
measurement, Goldmann tonometry, slit lamp examina-
tion, ophthalmoscopy, ocular biometry and B scan ultra-
sonography. Before phacoemulsification, the patients were
randomized into three groups according to the IOL which
would be implanted:

First group (n = 31) - single-piece hydrophilic acryl-
ic IOL (Eyecryl plus 600, Biotech Healthcare, Luzern,
Switzerland);

Second group (n = 31) - single-piece hydrophobic
acrylic IOL (AcrySof SA60AT, Alcon-Couvreur NV, Puurs,
Belgium);
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Third group (n = 30) - three-piece hydrophobic acrylic
IOL (AcrySof MA60AC, Alcon-Couvreur NV).

All the surgeries were performed by an experienced
surgeon under topical anesthesia. Phaco machine used
in all surgeries was “Stellaris” (Bausch & Lomb, Laval,
Quebec, Canada). Adequate preoperative mydriasis was
achieved using topical application of phenylephrine and
tropicamide (2.5% Phenylephrine®, 0.5% Tropicamide®,
Zajecar Pharmacy, Zajecar, Serbia). Paracentesis at 2 and 10
oclock were made and anterior chamber was fulfilled with
1% sodium hyaluronate viscoelastic (Bio-Hyalur, Biotech
Healthcare). Central corneal incision and continuous cur-
vilinear capsulorhexis were performed. Using a sterile ruler,
under the microscope, capsulorhexis diameter was mea-
sured and recorded. A hydrodissection and nucleus rotation
followed. When the nucleus was completely free, it was frag-
mented using “divide and conquer” technique. The remain-
ing cortex was aspirated using bimanual aspiration and the
capsular bag was fulfilled with cohesive viscoelastic. IOL was
implanted in capsular bag. Viscoelastic was aspirated and
an intracameral solution of cefuroxime with 1 mg/ 0.1 ml
balances salt solution (BSS) was injected. Corneal incisions
were hydrated using a BSS. Postoperatively patients were ad-
ministrated topical dexamethasone-tobramycin (Tobradex®,
Alcon-Couvreur NV) six times a day for three weeks and
nepafenac (Nevanac®, Alcon-Couvreur NV) four times a
day for two weeks in the operated eye.

During patients’ visits in postoperative periods a high-
resolution image in retroillumination and maximal my-
driasis were made at the biomicroscope. A PCO were mea-
sured using “Evaluation of Posterior Capsule Opacification
2000,” a standard software program for PCO analysis [12].
PCO was measured five times in postoperative period:
one, six, 12, 18, and 24 months after the cataract surgery.
According to the capsulorhexis size every group was fur-
ther divided into two subgroups: above and less of 5 mm.
PCO was compared according to the IOL type and capsu-
lorhexis diameter during two years of follow-up period.

IBM SPSS Statistics Version 22.0 (IBM Corp., Armonk,
NY, USA) was used for statistical analysis. For compar-
ing PCO values among the groups and during the study
period paired t-test and ANOVA were used (p < 0.05 and
p < 0.001 were considered statistically significant).

RESULTS

The research included 92 patients who were divided ac-
cording to the implanted IOL type into three groups. In all
patients, cataract surgery was performed in only one eye,
so the number of included eyes was equal to the number
of patients (n = 92). In total, 48 were males (52.2%) and
44 females (47.8%). No statistically significant difference
was recorded among sexes in the study, as well as in every
group (p > 0.05).

Mean patients’ age in the study was 73.5 £ 5.95 years
(median 72, range 65-87 years). No statistically significant
difference was recorded in patients’ age depending on the
type of implanted IOL (p > 0.05) (Table 1).
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Table 1. Mean patients’ age depending on the intraocular lens type

Intraocular lens (IOL) n Mean Sd Range
Single-piece hydrophilic IOL 31 72.94 6.12 65-86
Single-piece hydrophobic IOL 31 73.42 5.39 65-85
Three-piece hydrophobic IOL 30 74.03 6.44 65-87
Significance p>0.05

Table 2. Posterior capsule opacification one month after phacoemulsification

Intraocular lens (IOL) Mean >5mm <5mm
Single-piece hydrophilicIOL | 0.004 + 0.002 | 0.005 £ 0.001 | 0.002 + 0.007
Single-piece hydrophobic IOL | 0.003 +0.005 | 0.002 +0.005 | 0.002 + 0.005
Three-piece hydrophobic IOL | 0.003 +0.008 | 0.001 +0.005 | 0.005 +0.012
Significance >0.05 >0.05

Table 3. Posterior capsule opa

cification six months after phacoemulsification

Intraocular lens (IOL)

Mean

>5mm

<5mm

Single-piece hydrophilic IOL

0.041 +0.002

0.042 +0.001

0.034 +0.021

Single-piece hydrophobic IOL

0.031+0.019

0.035+0.017

0.027 £0.02

Three-piece hydrophobic IOL

0.03+0.014

0.032+0.013

0.027 +0.016

Significance

> 0.05

> 0.05

Table 4. Posterior capsule opa

cification 12 months after phacoemulsification

Intraocular lens

Mean

>5mm

<5mm

Single-piece hydrophilic IOL

0.133 +£0.027

0.147 +0.02

0.132+0.03

Single-piece hydrophobic IOL

0.097 £0.02

0.1+0.02

0.092 £0.02

Three-piece hydrophobic IOL

0.055 +0.009

0.061 +0.006

0.055+0.012

Significance

<0.001**

> 0.05

**Highly statistically significant

Table 5. Posterior capsule opacification 18 months after phacoemulsification

Intraocular lens (IOL)

Mean

>5mm

<5mm

Single-piece hydrophilic IOL

0.316 +£0.07

0.335+0.057

0.311£0.076

Single-piece hydrophobic IOL

0.305 +0.05

0.305 +0.047

0.292 +0.05

Three-piece hydrophobic IOL

0.154 +0.03

0.159 +0.022

0.148 +0.028

Significance

<0.001**

<0.05*

*Statistically significant;
**highly statistically significant

Table 6. Posterior capsule opacification 24 months after phacoemulsification

Intraocular lens (IOL) Mean >5mm <5mm
Single-piece hydrophiliclOL | 0.445+0.2 | 0.481+0.219 | 0.416 £ 0.187
Single-piece hydrophobiclOL | 0.446 +£0.16 | 0.482+0.21 | 0.411 +0.082
Three-piece hydrophobiclOL | 0.3 +0.08 0.304+£0.07 | 0.293 +£0.09
Significance < 0.05* < 0.05*

*Statistically significant

In single-piece hydrophilic IOL and single-piece hydro-
phobic IOL groups 14 patients had capsulorhexis diam-
eter above 5 mm and 17 patients capsulorhexis diameter
less than 5 mm. In three-piece hydrophobic IOL group 16
patients had capsulorhexis diameter above 5 mm and 14

patients capsulorhexis diameter less than 5 mm.

One and six months after phacoemulsification, the
highest mean PCO was measured in single-piece hydro-
philic IOL group, but no statistical significance was noticed
among the groups during these measurements (p > 0.05).
Also, an analysis of the subgroups within each group did
not determine the influence of the capsulorhexis diameter
PCO development (Tables 2 and 3).

Intergroup analysis twelve months after phacoemulsifi-
cation revealed the existence of high statistically significant
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difference among all groups (p < 0.001). The highest
PCO was measured in single-piece hydrophilic IOL
group, then single-piece hydrophobic IOL group and
then three-piece hydrophobic IOL group. No signifi-
cant difference was revealed according to the capsu-
lorhexis size in all groups (p > 0.05) (Table 4).

PCO in patients with three-piece hydrophobic
IOL group 18 months after the cataract surgery was
0.154 + 0.03, which was significantly lower compared
to single- IOLs groups (p < 0.001). PCO between pa-
tients with single-piece hydrophilic IOL and single-
piece hydrophobic IOL was not significant (p < 0.05).
Patients from single-piece hydrophilic IOL group and
single-piece hydrophobic IOL group with capsulorhexis
diameter less than 5 mm had significantly lower PCO
compared with patients from the same groups but
with capsulorhexis diameter above 5 mm (p < 0.05).
No influence of capsulorhexis size was recorded in
three-piece hydrophobic IOL group. (Table 5). The
same trend of significance continued two years after
phacoemulsification (Table 6).

DISCUSSION

Phacoemulsification reduced the incidence of PCO
compared to the previously used extracapsular cata-
ract extraction and intracapsular cataract extraction
[13, 14]. Using phacoemulsification probe, as well as
irrigation and aspiration it is possible to remove far
more lens epithelial cells (LEC) during cataract sur-
gery. But even this technique is not able to remove
all LEC. In the postoperative period they undergo
proliferation, migration and differentiation which is
clinically manifested as PCO. It is known that postop-
erative inflammation has a key role in PCO develop-
ment [15]. The incidence of PCO varies depending
on ocular comorbidities, patients’ age, used surgical
technique, type of implanted IOL, length of the post-
operative period. Many studies suggest incidence var-
ies by 7-40% in patients with senile cataract, while in
pediatric cataract PCO rate reaches 100%, due to high
mitogenic potential of the remaining LECs [16, 17, 18].
The only possible treatment of developed PCO is YAG
laser capsulotomy. This procedure could cause some
serious side effects: iatrogenic IOL perforation (“pitting”),
hyphema, corneal edema, intraocular pressure rise, retinal
break, cystoid macular edema, chronic endophthalmitis.
Therefore, research is unanimous that the best treatment
of PCO is its prevention [19, 20].

Material and design of IOL have a huge effect in re-
ducing PCO. Currently, the most used are IOLs made of
acrylic material. Acrylic IOLs are associated with lower
PCO compared to previously used silicone or hydrogel
IOLs due to their great biocompatibility [21]. They are
characterized by excellent optical performance, as well
as the absence of an inflammatory response. Depending
on the water content, acrylate IOLs can be hydrophobic
containing less than 1% water, and hydrophilic containing
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18-35% water. Considering design, acrylate IOLs can be
single piece, made entirely of the same material, and three-
piece with a haptics made of polymethyl methacrylate [22].
Researchers still do not agree which acrylate IOL is associ-
ated with the lowest PCO rate. The results are different de-
pending on the IOL manufacturer, surgical technique, and
duration of the follow-up. Analyzing all three groups in
our study the first formation of PCO was recorded already
one month after phacoemulsification. That indicates the
process of proliferation, migration and differentiation of
residual LECs began immediately after the cataract surgery.
Until the end of the study, continuous progression of PCO
was recorded in all groups. Six months after phacoemul-
sification the highest PCO was measured in single-piece
hydrophilic IOL group, but without significance compared
to other groups. At the 12th postoperative month, we ob-
served a highly statistically significant difference among
all groups. Again, the highest PCO was seen in single-
piece hydrophilic IOL group (0.133 £ 0.027), then in the
single-piece hydrophobic IOL group (0.097 + 0.02) and
finally in the three-piece hydrophobic IOL group (0.055 +
0.009). That indicates material and design of the IOL had
an influence in PCO. These results are similar with many
previous studies [23, 24].

Ursell et al. [25] explained the possible reason for the
lower PCO rate of hydrophobic acrylate IOLs. These
IOLs have an adhesive surface on their back side, which
binds tightly IOL to fibronectin and laminin contained in
posterior lens capsule. In that way, a better barrier to the
migration of residual LEC:s is created. Leydolt et al. [22]
suggested that the higher PCO rate in hydrophilic IOLs
may be in manner of its production. It is produced in a
dehydrated form, only to be rehydrated afterwards. As a
result of this process, the sharpness of the edges of the IOL
may decrease, which facilitates the migration of LECs [22].

In our study, mean PCO in patients with implanted
single-piece hydrophilic IOL and single-piece hydrophobic
IOL 18 and 24 months after phacoemulsification was al-
most identical, while PCO in three-piece hydrophobic IOL
group remained significantly lower. It can be concluded
that in our study IOL material had no influence, while IOL
design has shown to be a major factor in PCO reduction.
The explanation of these results can be in different haptic-
optic junctions in single-piece IOL and three-piece IOL.
Haptics of single-piece IOL are made of the same mate-
rial as optic and represent an extension of the optic. They
are characterized by a notably wider root, which creates
discontinuity in the capsular wrap around the IOL. That fa-
cilitates a migration of residual LECs [26]. The lower PCO
incidence in three-piece IOL contributes to the presence
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Edekar Tpu pasnnmumnta akpuaHa MHTPAOKyNapHa COMMUBA U AnjameTpa Kancynopekce
Ha HacTaHaK onauyuduKaumje 3aatbe Kancyne coumMBa

[Jywat Togoposuh'?, Cynunua Cpehkosuh'?, HeHag Metposuh'?, Topan JamjaHosuh?, Mupocnas CrameHkosuh*,
JosaHa Cpejosuh'? KatapuHa hynuh'? TatjaHa LLapeHal Bynosuh'2

'YHUBep3nTETCKN KNMHIMYKY LeHTap Kparyjesau, KnuHuka 3a optanmonorujy, Kparyjesau, Cpbuja;

2YHneepauTet y Kparyjesuy, OakynteT MeamUMHCKIX Hayka, Kategpa 3a odptanmonorujy, Kparyjesau, Cpbuja;

3YHnBep3nTeTCKM KNHUYKM LieHTap Cpbuje, KnuHuka 3a oune 6onectu, beorpag, Cpbuja;

“KnnHnuko-6onHnYKmM LeHTap 3Be3aapa, beorpag, Cpbuja;

YHuBep3uTeT y beorpaay, OakynTeT 3a cneunjanty eaykauujy 1 pexabunutauujy, beorpag, Cpbuja

CAMETAK

YBoa/LUnmb KatapakTa npefcrtaBiba 3amyhere KprcTanHor co-
ymBa. JeauHm Moryh HauvH neyerba KatapakTe je XUpYpLIKY.
JepHa op Hajuelwhrx nocTonepaTMBHMX KOMMIVKaLja je pa3Boj
onaumduKaLyje 3agre Kancyrne.

Linms oBe cTyamje je 61o fa ce ncnuta edekar Tpu pasnmynta
aKpWHa MHTPAoKynapHa courBa 1 AnjameTpa Karncynopekce
Ha pa3Boj onauunduKaLuje 3agme Kancyne.

MeTtope VcTpaxuBarbem cy obyxsaheHa 92 nauujeHTa ca gu-
jarHo3om ceHunHe KaTapakTe nogesbeHa y Tpu rpyne npema
TUMY MHTPaOKyNnapHor counBa. CBaka rpyna je fasbe nogerbeHa
y ABE MOArpyrne y 3aBUCHOCTU Of AvjaMeTpa Kancynopekce.
OnauudunKaumja 3aaHe Karcyne je MepeHa npBor, WwecTor, 12,
18. 1 24. MmeceLja HaKoH pakoemynsvdurKaLmje.

Pesynratu HajHka onauydukaumja 3aatbe Kancyne counsa 24
MeceLia HakoH dakoemynsnduKaLmje U3MepeHa je Kog naumje-
HaTa ca TPOAENHNM XMAPOHOOHUM VHTPAOKYNAPHVIM COYNBOM
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(0,3 £ 0,08). injameTap Kancynopekce Matby 0f 5 mm nmao je
CTaTUCTUYKN 3HaYajaH epeKaT koA naLyjeHaTa ca jeJHOAeNHUM
XMAPOPUITHUM MHTPaOKynapHUm coursom (0,416 £ 0,187) n
jepHomenHUM xnapodoO6HNM MHTPAOKYNIAPHUM COYMBOM
(0,411 £ 0,082) ToKOM fiBe rofnHe npahetba.

3akpyyak Onauvdukaumja 3apHe Kancyne n3asrBa CMatbere
BU[JHE OLUTPUHE 1 MOXe NpefCTaB/baTy Pa3nor He3af0BObCTBA
navjeHaTa y noctonepatviBHOM nepuogy. JeanHu moryhu Ha-
UMH Nleyera pa3BujeHe onaumduKkaumje 3aame Kancyne je YAG
nacepcka KancynoTomuja, npoLiesiypa Koja Moxe 6utn npaheHa
030UbHM KomnarKaumjama. Camum TUM, Haj6osbn TpeTMaH
onauvdrKaumje 3afe Kancyne je kbeHa npeBeHumja. MaBHy
ynory y Toj NpeBeHUmj1 Ma n360p ageKkBaTHe XMpYypLUKe Tex-
HUKe 1 HTPaoKylapHOT CO4uBa.

KrbyuHe peun: onaumndrikaLmja 3agtbe Kancyne; MHTpaoKynap-
HO courBO; pakoemynsundukalmja
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SUMMARY

Introduction/Objective The aim of this study was to determine the impact of balneotherapy (BT) on
IL-6 cytokine levels, disease activity, functional capacity, fatigue, and depression in patients with rheu-
matoid arthritis (RA).

Methods The study included 46 patients with RA (16 with moderate, 16 with low disease activity, and
14 in remission) who underwent BT as part of a rheumatic disease treatment program at the Niska Banja
Institute for a duration of three weeks. BT was administered in the form of radon mineral baths (lasting
15-20 minutes in the thermo-mineral waters of Niska Banja at a temperature of up to 37°C). To evaluate
the effect of BT, the study utilized ELISA kits for measuring plasma cytokine IL-6 levels, DAS28 SE and
Clinical Disease Activity Index (CDAI) for assessing and calculating disease activity indices, the HAQ
questionnaire for measuring functional ability, the Beck Depression Inventory (BDI), and the FACIT-F
questionnaire for assessing fatigue.

Results Our research results showed that the application of BT led to a statistically significant improve-
ment (p < 0.01, p < 0.001) in the values of all examined parameters: IL-6, DAS28 SE, CDAI, HAQ, FACIT-F,
and BDI. Comparing the improvement in these parameters among groups of patients with different
disease activity levels (moderate, low, remission), the most pronounced anti-inflammatory effect of BT
was observed in patients with moderate disease activity.

Conclusion BT improved almost all observed parameters. Alongside medication therapy, BT is a significant
part of the comprehensive therapeutic approach for RA patients.

Keywords: balneotherapy; rheumatoid arthritis; cytokine IL-6; disease activity; functional ability; fatigue
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INTRODUCTION

Since ancient times, thermal baths and mud
have been used to treat rheumatic diseases and
other musculoskeletal disorders. Balneotherapy
(BT) is a complex therapeutic discipline that
utilizes natural factors for treatment. Up until
the mid-20th century, BT was the primary form
of treatment for individuals suffering from lo-
comotor system diseases.

It is a modality of physical therapy whose
positive effects stem from the combination of
the physical properties of water (due to immer-
sion of parts of the body or the whole body in
water) and/or the transfer of temperature and
absorption of mineral substances through the
skin [1, 2].

Its significance is evidenced by the fact that
it is still actively used today alongside mod-
ern pharmacological therapy, as it affects all
aspects of the disease, especially rheumatic
conditions. Rheumatoid arthritis (RA) itself is
a chronic, inflammatory, autoimmune disease
of unknown etiology, characterized by pain,
swelling, and destruction of synovial joints. If

aggressive and inadequately treated, it can lead
to significant disability and premature mortal-
ity [3, 4]. Studies have shown that BT can im-
pact various symptoms of RA, including pain
reduction, improved functional abilities, and
decreased inflammation [5]. However, the exact
mechanism by which BT, or immersion in min-
eral or thermal water, improves the condition
of rheumatic diseases is not fully understood.
The positive effects of this process are likely
the result of a combination of factors, with
mechanical, thermal, and chemical effects be-
ing the most prominent. According to some
theories, pain reduction may be due to the pres-
sure and temperature of the water on the skin
(heat can reduce muscle spasm and increase the
pain threshold). Therapy with thermal waters
is believed to have an immunomodulatory ef-
fect. Recently, it has been proven that therapy
with thermal waters also induces a reduction
in the levels of prostaglandin E2, leukotriene
B4, interleukin-1b, and tumor necrosis factor,
important mediators of inflammation [6, 7].
However, despite certain findings and the
widespread use of BT in the treatment of RA,
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its effects have not been fully investigated and explained
in various aspects of rheumatic diseases.

The aim of this study was to determine the impact of BT
on IL-6 cytokine levels, disease activity, functional capacity,
fatigue, and depression in patients with RA.

METHODS

The study included a total of 46 patients (31 women and
15 men), with an average age of 61.32 + 9.4 years and an
average disease duration of 12.62 + 6.42 years, diagnosed
with RA based on the diagnostic criteria of the American
College of Rheumatology and the European League Against
Rheumatism 2010. According to disease activity, the pa-
tients were divided into three groups: 16 (34.78%) with
moderate disease activity, 16 (34.78%) with low disease
activity, and 14 (30.44%) in remission. Prior to inclusion
in the study, all patients had been on stable therapy for the
previous three months, specifically disease-modifying an-
tirheumatic drugs (methotrexate at a dose of 15-20 mg per
week), and on a stable dose of glucocorticoids for the past 6
weeks, with a maximum dose of prednisolone 5 mg per day.

During their treatment at the Niska Banja Institute, pa-
tients received BT for a duration of three weeks. BT was
administered as radon mineral baths (lasting 15-20 min-
utes in the thermo-mineral waters of Niska Banja (radon
waters) at a temperature of up to 37°C).

For this study, IL-6 cytokine levels, specifically its con-
centration in plasma, were measured using commercial
ELISA Kkits, following the manufacturer’s instructions, at
the Biomedical Research Center of the Medical Faculty in
Nis. ELISA kits manufactured by Elabscience were used,
with a detection range of 1.56-100 pg/mL and a sensitivity
of 0.94 pg/mL. In terms of disease activity assessment, a de-
tailed clinical examination was conducted at the initial visit
and after three weeks of BT. This included counting tender
and swollen joints, analyzing 28 joints in typical regions
affected by RA (shoulders, elbows, wrists, metacarpopha-
langeal, proximal interphalangeal joints of the hands, and
knees). General health status was evaluated using a visual
analog scale (VAS), consisting of a 10 cm line marked by
the patients themselves, where 0 represents excellent health
and 10 represents the worst condition. Disease activity was
assessed before and after BT by calculating the Disease
Activity Score DAS28 SE and the Clinical Disease Activity
Index (CDAI). Functional ability was assessed using the
Health Assessment Questionnaire (HAQ), which patients
completed independently. Responses were scored 0-3, with
higher HAQ values indicating a greater degree of disabil-
ity and functional impairment. The HAQ consisted of 20
questions grouped into 8 main categories related to daily
activities such as rising, walking, dressing, personal care,
hygiene, reaching, gripping, and other activities.

Responses for each question were graded as follows:

0 - without difficulty;

1 — with some difficulty;

2 — with much difficulty;

3 - unable to do.

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):72-77

For assessing the impact of BT on depression, the Beck
Depression Inventory (BDI) was used. This scale contains
21 questions, with four possible answers for each. Each
question is graded from 0 to 3, so the minimum possible
total score is 0 (indicating no depression) and the maxi-
mum is 63 (indicating severe depression). BDI values in-
dicate the following:

1. 1-9 - minimal depression;

2. 10-16 — mild depression;

3.17-29 - moderate depression;

4.30-63 - severe depression.

For assessing fatigue, the Functional Assessment of
Chronic Illness Therapy-Fatigue (FACIT-F) Scale version
4 was used. This is a short, easy-to-complete scale consist-
ing of 13 questions measuring individual levels of fatigue
during usual daily activities over the past week. Fatigue
levels are measured on a Likert scale with responses: Not
at all, A little bit, Somewhat, Quite a bit, Very much. The
score ranges 0-52, with higher values indicating less fa-
tigue.

The obtained results were statistically processed using
IBM SPSS Statistics, Version 18.0 (IBM Corp., Armonk,
NY, USA). The statistical analysis included the arithmetic
mean, standard deviation, Student’s t-test, and Wilcoxon
test.

The authors declare that the article was written in ac-
cordance with the ethical standards of the Serbian Archives
of Medicine and the ethical standards of the institutions
associated with each author (Board of Ethics of the Niska
Banja Institute for Treatment and Rehabilitation, Decision
dated March 23, 2019).

RESULTS

The results of our study showed a significant reduction in
disease activity following the application of BT. Specifically,
the DAS28 SE was statistically significantly lower (p < 0.01)
after BT compared to before BT. The mean disease activ-
ity measured by DAS28 SE for patients in remission was
2.16 £ 0.32 before BT and 1.82 + 0.45 after. For patients
with low disease activity, the DAS28 SE was 3 + 0.17 before
BT and 2.38 + 0.3 after. Finally, for patients with moderate
disease activity, the DAS28 SE decreased from 4.43 + 0.56
before to 3.51 + 0.57 after BT (Table 1).

Table 1. DAS28 SE and Clinical Disease Activity Index (CDAI) parameter
values before and after balneotherapy

Disease activity | Parameter Before After p
. DAS28SE | 2.16+0.32 | 1.82+0.45 | 0.002
Remission |
CDAI 3.74+£148 | 237+£1.01 | 0.002
LDA Il DAS28 SE 3+0.17 2.38+0.3 0.002
CDAI 6.11+1.49 | 3.39+1.46 | 0.002
MDA Ii DAS28 SE 443 +0.56 | 3.51+0.57 | 0.001
CDAI 15.84+4.47 | 8.94+3.05 | 0.001

LDA - low disease activity; MDA — moderate disease activity

A comparison of changes in DAS28 SE values between
groups showed that the greatest reduction in DAS28 SE
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was in the group with moderate disease activity compared
to the group with low activity and remission (III vs. I:
0.92 £ 0.28 vs5. 0.34 £ 0.18, p < 0.001; IIT vs. I1: 0.92 £ 0.28
vs.0.62 +0.21, p < 0.01).

The results also showed that the CDAI was statistically
significantly lower (p < 0.01) after BT compared to before
BT across all patient groups: patients in remission (CDAI
before BT 3.74 + 1.48, after BT 2.37 + 1.01), patients with
low disease activity (CDAI before BT 6.11 + 1.49, after
BT 3.39 + 1.46), and patients with moderate disease ac-
tivity (CDAI before BT 15.84 + 4.47, after BT 8.94 + 3.05)
(Table 1). The greatest reduction in the CDAI index was
recorded in the group with moderate disease activity (III
v5.1:6.9 £2.6 vs. 1.37 £1.23, p < 0.001; ITI vs. II: 6.9 £ 2.6
vs. 2.72 + 1.34, p < 0.01).

When it comes to general health status, based on the use
of the VAS, it was determined that there was an improve-
ment in all observed groups of patients. The reduction in
VAS parameter values was statistically significant (p < 0.01)
(Table 2). The change in VAS values was statistically sig-
nificantly greater in the group of patients with moderate
disease activity compared to the group with low activity
and remission (IIT vs. I: 1.44 £ 0.6 vs. 0.45 £ 0.3, p < 0.01;
I vs. 11: 1.44 £ 0.6 vs. 0.81 £ 0.37, p < 0.05).

The study results also showed an improvement in
functional ability after BT in all participants, regardless
of the level of disease activity (moderate disease activ-
ity, low disease activity, and remission). Analysis of the
data obtained from the HAQ questionnaire revealed a
statistically significant reduction in HAQ scores after BT
(p < 0.01). Specifically, the average HAQ value before BT
for patients in remission was 0.59 + 0.36, which decreased
to 0.39 + 0.25 after. For patients with low disease activ-
ity, the HAQ value before BT was 0.92 + 0.29, which de-
creased to 0.55 * 0.2 after, and there was also a reduction
for patients with moderate disease activity (HAQ before
BT 1.25 + 0.33, after therapy 0.88 + 0.27) (Table 2). By
comparing the changes in HAQ questionnaire values be-
fore and after the application of BT among the groups,
the results showed that the greatest change occurred in
the group with moderate and low disease activity (III vs.
1:0.37 £0.21 vs. 0.2 £ 0.09, p < 0.01; IIT vs. II: 0.37 £ 0.21
vs. 0.37 £ 0.16, ns).

The application of BT had a favorable effect on changes
in IL-6 cytokine levels. All three examined groups showed
areduction in IL-6 cytokine levels, with these changes be-
ing statistically significant only in patients with moderate
disease activity (p < 0.01). The change in IL-6 cytokine
levels in patients in remission after BT was 3.43 (before
BT 17.68 + 13.12, after BT 14.25 + 10.88), in patients with
low disease activity it was 9.99 (before BT 35.45 + 31.17,
after BT 25.46 + 27.08), and in patients with moderate dis-
ease activity it was 14.94 (before BT 55.76 + 43.13, after
BT 40.82 + 33.38) (Table 3). The results showed that the
change in IL-6 values was statistically significantly greater
in the moderate disease activity group compared to the low
disease activity and remission groups (III vs. I: 14.94 + 6.35
vs. 3.43 £ 0.2.95, p < 0.001, III vs. II: 14.94 £ 6.25 vs.
9.99 +4.38, p < 0.01).
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Table 2. Visual analog scale (VAS) and Health Assessment Question-
naire (HAQ) parameter values before and after balneotherapy

Disease activity | Parameter Before After p
_ VAS 1.32+048 | 0.87+0.33 | 0.003
Remission |
HAQ 0.59+0.36 | 0.39+0.25 | 0.004
LDA I VAS 1.89+0.53 | 1.08+0.35 | 0.002
HAQ 0.92 +£0.29 0.55+0.2 0.002
VAS 3.39+0.6 1.95+0.44 | 0.001
MDA Il
HAQ 1.25+0.33 | 0.88+0.27 | 0.002
LDA - low disease activity; MDA - moderate disease activity
Table 3. IL-6 parameter values before and after balneotherapy
Disease activity Before After p
Remission | 17.68 £13.12 14.25+10.88 0.016
LDAII 35.45+31.17 25.46 + 27.08 0.031
MDA II 55.76 £43.13 40.82 +33.38 0.004

LDA - low disease activity; MDA — moderate disease activity

Table 4. BDI and FACITF parameter values before and after balneo-

therapy
Disease activity | Parameter Before After p
. BDI 2.89+249 | 1.99+1.65 | 0.008
Remission |
FACITF 42.21 £6.36 | 46.37 £4.03 | 0.008
LDA I BDI 533+£3.27 | 3.02+1.94 | 0.006
FACITF 40+£6.05 |4556+3.85| 0.006
BDI 1348 +6.11 | 887+3.84 | 0.003
MDA I
FACITF 28.26 +5.07 | 36.81+4.6 | 0.002

LDA - low disease activity; MDA - moderate disease activity;
BDI - Beck Depression Inventory; FACIT-F — Functional Assessment
of Chronic lliness Therapy-Fatigue Scale

The results of our study showed a positive effect of BT
on depression in patients. Specifically, depression param-
eter values were statistically significantly lower (p < 0.01)
after BT compared to values before BT. The mean depres-
sion value measured by BDI was 2.89 + 2.49 in patients in
remission before BT and 1.99 + 1.65 after. For patients with
low disease activity, the BDI value was 5.33 + 3.27 before
BT and 3.02 + 1.94 after. There was also a reduction in
BDI values in patients with moderate disease activity, from
13.48 + 6.11 before BT to 8.87 + 3.84 after BT (Table 4). By
comparing the change in BDI values among the groups,
the greatest change was recorded in the moderate disease
activity group (III vs. I: 4.61 + 2.84 vs. 0.9 £ 0.65, p < 0.001;
I vs. 11: 4.61 + 2.84 vs. 2.31 + 1.23, p < 0.01).

The average fatigue value measured by the FACIT-F
questionnaire increased in all three examined groups after
3 weeks of BT, indicating that the application of BT had
a favorable effect on the feeling of fatigue. The study re-
sults showed a statistically significant (p < 0.01) increase
in the FACIT-F parameter. The values of this parameter
increased in patients in remission (FACIT-F before BT
42.21 + 6.36, after BT 46.37 + 4.03), with low disease activ-
ity (FACIT-F before BT 40 + 6.05, after BT 45.56 + 3.85),
and in patients with moderate disease activity (FACIT-F
before BT 28.26 + 5.07, after BT 36.81 * 4.6) (Table 4).
By comparing the change in FACIT-F values among the
groups, the results showed that the change in FACIT-F
values in the moderate disease activity group was statis-
tically significantly greater compared to the low activity
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and remission groups (III vs. I: 8.55 + 3.84 vs. 4.16 + 2.95,
p <0.01; IIT vs. II: 8.55 £ 3.84 vs. 5.56 £ 2.93, p < 0.01).

DISCUSSION

BT, which includes thermal waters, mineral mud, and other
natural factors such as salts and gases, is an important pro-
cess in alleviating disease symptoms and improving the
quality of life for patients with RA. It significantly improves
the general condition of patients, including reducing pain,
improving joint mobility, and decreasing inflammatory
markers. Thermal waters used in BT are rich in minerals
(sulfates, calcium, magnesium, sulfur, etc.), which can have
anti-inflammatory effects and contribute to the reduction
of RA symptoms [5, 8, 9, 10].

In a clinical sense, BT should be regarded like any other
medication. It has its indications and contraindications,
and besides the desired effects, it can also have side effects.
Dosage is strictly individual, and its application depends
on the stage and activity of the disease, previous treatment,
and the general condition of the patient. Prior medication
therapy is very important, as it brings the patient into the
“thermal phase” suitable for the application of BT. The best
results of this therapy can be achieved in the early stage of
the disease and/or in remission, while high disease activity
is potentially a contraindication for the application of BT
in RA. Additionally, when applying BT in the treatment of
RA, the significance of psychotherapy and climatotherapy
must also be considered as part of the complexity of treat-
ing this group of patients. The positive correlation between
somatic improvement and the reduction of depression in
patients with RA is well known. BT can have a positive im-
pact on the psychological state of RA patients. The relaxing
effects of thermal waters can lead to reduced stress levels
and improved sleep quality, which is important given the
often-present comorbid depression and insomnia in these
patients [11, 12, 13].

In our study, we examined the impact of BT on the level
of cytokine IL-6, disease activity, functional ability, fatigue,
and depression in patients with RA who were hospitalized
at the Nigka Banja Institute for a three-week rehabilitation
program.

The thermomineral waters of Niska Banja are classified
as homeothermal, oligomineral, earth-alkaline, and mild-
ly radioactive radon waters, used in baths lasting 15-20
minutes at temperatures up to 37°C, and applied to the
body surface depending on the state of the cardiovascular
system. The applied baths can lead to the normalization
of synovial membrane permeability and influence the
myogenic and metabolic regulation of blood flow to the
synovial membrane, fibrous joint capsule, and muscles.
On the other hand, similar positive effects can be expected
from the radon contained in the peloid. It is prepared from
radioactive bigar (radon-bearing limestone deposit) from
the springs, having oligomineral, thermal, and radioac-
tive effects, and is applied as compresses at temperatures
40-45°C, with a procedure duration of 15 minutes. The
application of these radon mineral baths and peloids at

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):72-77

the Niska Banja Institute has a long-standing tradition
in treating patients with RA. Experiences indicate favor-
able effects of BT in terms of reducing pain, subjective
complaints, morning stiffness, and objective clinical and
biohumoral parameters. However, it is important to note
that the success of BT does not represent a cure but rather
a single link in the complex treatment chain [11, 14, 15].

Based on our research, a significant improvement in the
observed parameters was determined after the application
of BT, which supports the thesis of the effectiveness of this
therapeutic method in the treatment of RA. The results
indicate a positive effect of this therapy on disease activity,
functional ability, reduction of the inflammatory process,
and reduction of fatigue and depression, which aligns with
the findings of other studies on this topic [16-22].

Firstly, regarding the reduction of disease activity after
the application of BT, as registered through the decrease in
DAS28 SE and CDAI indices, it can result from several fac-
tors, as previously mentioned. Primarily, the thermal wa-
ters and minerals present in BT may have anti-inflamma-
tory effects, which can directly contribute to the reduction
of pain and joint swelling. Secondly, the heat transferred
through thermal waters can have multiple effects. On one
hand, it can relax muscles, alleviate spasms, and reduce
joint pain, while on the other hand, warm water can dilate
blood vessels, improve blood and lymph flow, and help
eliminate toxins and metabolic waste products [5, 8, 23].

All of the aforementioned factors can contribute to a
greater or lesser extent to the reduction of disease activity,
which in turn further enhances the quality of life.

In addition to reducing disease activity, as suggested
by some authors and confirmed in our study, there is also
an increase in functional ability. Specifically, there was a
significant reduction in HAQ score values during a single
treatment course [24, 25]. This suggests that BT is of great
clinical importance as it can simultaneously reduce disease
activity and increase patients’ ability to perform daily ac-
tivities without hindrance.

A particularly important finding from this study con-
cerns the impact of BT on the level of cytokine IL-6, a
key mediator of inflammation in RA, about which there
is insufficient data in the professional literature. The study
found that there was a significant reduction in IL-6 lev-
els after BT, which was statistically significant. This may
indicate that this type of therapy substantially contributes
to reducing inflammatory processes at the molecular level
or the reactivity of the immune system. It suggests that
BT can modulate the immune response in patients with
RA. Specifically, the warm water and relaxation associated
with this therapy can reduce stress and anxiety levels in
patients, which may indirectly affect the reduction of IL-6
production. This is very important, considering that stress
is a significant factor that increases IL-6 levels through the
activation of the neuroendocrine system [26, 27].

Finally, the study aimed to determine the impact of BT
on feelings of fatigue and depression. The research found
that BT leads to a reduction in fatigue and depression;
the study results showed statistically significant changes
in the values of the FACIT-F and BDI parameters. This
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positive impact of BT on reducing fatigue and depres-
sion may primarily arise from the physiological effects of
BT itself. The physical characteristics of mineral waters,
such as temperature and mineral content, can contrib-
ute to muscle relaxation and pain reduction, which can
indirectly improve mood and reduce stress, anxiety, and
other symptoms of depression. Additionally, the mineral
components of the water, such as magnesium, are known
for their calming effects on the nervous system and can
help regulate neurotransmitters associated with mood and
fatigue [28, 29, 30].
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YTuyaj 6anHeotepanuje Ha HUBO LUUTOKKUHA WUJ1-6, aKTUBHOCT BonecTy,
¢YHKLUMOHaNHe cnOCco6HOCTH, 3aMop U Aenpecujy Kog 6onecHMKa ca peyMaTOMAHUM

apTpPUTMCOM

MBaHa Anekcuh MuneHkosuh', Corba CrojaHoBuh'2, bojaHa CtameHkoBWh'2, TaTjaHa JeBToBIh CronmeHos?, CaHgpa LWapuh',

lopaH [laHKoBuh*>

"MHcTuTyT 33 Nevetbe 1 pexabunutaumjy, Huwka bara’, Huw, Cpbuja;

*Yunsepautet y Huwy, MeguumHckmn dakyntet, Kateapa 3a uHtepHy meguunny, Huw, Cpbuja;
YHuBep3utet y Huwwy, MeguunHckmn dakyntet, Kategpa 3a 6uoxemujy, Huw, Cpbuja;
*YHuBep3auTeT y Huwy, Oakyntet cnopta v ¢pusnykor Bacnutarba, Huw, Cpbuja;
YHVBEP3UTETCKI KNMHUYKM LieHTap Hyw, KnuHuka 3a aHectesnonorujy, Huw, Cpbuja

CAMETAK

YBoa/Lum Linsb oBor ncTpaxuBatba je 61o fa ce yTBpau yu-
uaj 6anHeotepanuje (BT) Ha H1BO UMTOKMHA WUJ1-6, akTMBHOCT
60nect, GyHKLMOHANHY CNIOCOBHOCT, 3aMOp 1 AeNpecujy KOa
ocoba ca peymaToUAHVM apTPUTUCOM.

Mertope icTpaxuBame je 0byxBaTuno 46 6onecHnKa ca pey-
MaToUAHMUM apTpuTcom (16 ca ymepeHoMm, 16 ca HUCKOM akK-
TMBHOLWRY 60necTu 1 14 ca peMMCUjoM) KO KOjuX je Y OKBUPY
nporpama fieyerba peymatckmx bonecHnka y MHcTuTyTy , Huuka
barba” npumerbeHa bT y Tpajary of Tpu Hefiesbe. BT je nprme-
tbeHa y BAY PaJOHCKNX MUHePanHuX Kynku (y Tpajary oA 15
10 20 MyHYyTa y TepMOMUHEpPanHUM Bogama Huwke bame Ha
Temnepatypm fo 37°C). 3a npoueHy epekTa BT y uctpaxmsary
cy kopuwwheHu: ELISA KUTOBU 3a Meperbe KOHLIEHTPaLMje HUBoa
umtokuHa W1-6 y nnasmu, DAS28SE n CDAI 3a npoueHy nHaekca
aKTVMBHOCTM 60NECTY, yNUTHIIK 38 Mepetbe GyHKLIMOHaNHE Cro-
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cobHocTy — HAQ, BekoBa ckana aenpecrBHOCTY — BDI v ynnTHUK
3a npoueHy 3amopa — FACITF.

Pesyntatu Pe3yntatu Haler nctpaxusarma Cy nokasanu a je
nprmeHom BT oLN0 A0 CTaTUCTHYKM 3Ha4ajHOT NobobLuakba
(p<0,01,p<0,001) BpeAHOCTM CBMX MCMUTUBAHMX NapameTapa:
IL-6, DAS28SE, CDAI, HAQ, FACIT-F v BDI. Mopeherem nobosbLua-
tba BPeAHOCTM OBYIX NapameTapa Mehy rpynama 6onecHmka ca
pasnuunToM akTBHOLWNY 60necTu (yMepeHa, HCKa, pemucuja),
Haju3paxeHuje aHTuMHbNamaTopHo AejctBo BT pernctpoBaHo
je kop 6onecHuKa ca ymepeHom akTuBHoLwhy 6onectu.
3aksbyuak BT je nobosbluana CKopo CBe NocmaTpaHe napame-
Tpe. Nopep Tepanuje nekoBuma, bT je 3HauyajaH geo cBeoby-
XBaTHOT TePanujcKOr MPMCTyNa 3a NaLlujeHTe ca peymaTougHUM
apTPUTNCOM.

KmbyuHe peuu: 6anHeoTepanuja; peymaTonaH apTpuUTHC; Ln-
ToKWH WJ1-6; akTBHOCT 6onecTyt; PyHKLMOHaNHa CnocobHOCT;
3amop
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CASE REPORT / MPUKA3 BOJIECHUKA
Therapy of swallowing and speech problem in
patients with progressive supranuclear palsy

Mila Bunijevac
Sveti Vracevi Public Health Institution Hospital, Bijeljina, Republic of Srpska, Bosnia and Herzegovina

SUMMARY

Introduction Progressive supranuclear palsy (PSP) is a rare form of neurodegenerative extrapyramidal
disease. In addition to symmetrical parkinsonism, early falls, and non-reactivity to dopaminomimetic
therapy, the disease also manifests as swallowing problems with frequent choking and incomprehensible,
difficult speech. In this paper, we present a case of a patient with PSP who exhibited severe swallowing
and speech disorders in the clinical presentation of the disease. Appropriate therapy was applied, result-
ing in a positive response with partial relief of the mentioned symptoms.

Case outline A 68-year-old male patient was referred to a speech therapist by a neurologist due to
difficulties with swallowing and speaking. The patient exhibited impairments in the preparatory and
oral phases of swallowing, including insufficient labial occlusion and weakened tongue mobility. The
patient underwent intensive speech therapy treatment for six months. The rehabilitation program led
to improved swallowing function and partial improvement in speech.

Conclusion The treatment of patients with PSP should be approached seriously and interdisciplinary,
given the absence of causal therapy and the reliance on symptomatic treatment for specific disabling
conditions. It is essential to focus on the selection of rehabilitation programs that can improve speech
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and swallowing functions, as well as enhance the quality of life for patients.
Keywords: progressive supranuclear palsy; swallowing; speech; rehabilitation

INTRODUCTION

Progressive supranuclear palsy (PSP) is the sec-
ond most common form of neurodegenerative
parkinsonism, after idiopathic Parkinson’s dis-
ease [1]. It is characterized by axial, levodopa-
unresponsive parkinsonism with vertical gaze
palsy, early postural instability leading to back-
ward falls, and cognitive as well as behavioral
changes [2]. Nevertheless, PSP is approximately
10 times less common than typical Parkinson’s
disease. Some studies point out that annual
prevalence is five to seven cases per 100,000
population [3], while the annual incidence
rate ranges between 0.16 and 2.6 per 100,000
population [4].

According to the dominant clinical features,
more than 10 subtypes of PSP have been de-
scribed in the literature. The most common
type subtype is Richardson’s syndrome, which
is characterized by early the early onset of
postural instability, vertical supranuclear gaze
palsy, and cognitive dysfunction. It is also as-
sociated with a faster disease progression and
a shorter survival time [5]. In contrast, the oc-
currence of other PSP subtypes is very rare [6].

The average age of onset for disease is 60-65
years, with a slight male predominance [7].
Some suggest it is evenly distributed between
males and females [8]. The average life expec-
tancy in this form of PSP is 5-8 years [2].

The diagnosis of PSP poses a significant
challenge, especially in the early stages. In

recent years, substantial progress has been
made in clinical practice regarding the detec-
tion of this condition.

PSP is mainly levodopa-unresponsive and,
to date, no treatment strategy has proven suc-
cessful. Therefore, the main treatment ap-
proach is symptomatic therapy.

We present a patient diagnosed with PSP,
who exhibited pronounced swallowing and
speech symptoms and underwent speech ther-
apy rehabilitation. The implemented rehabili-
tation program led to improvements in swal-
lowing function and partially enhanced speech.

CASE REPORT

The patient is a 68-year-old retired male, with
no significant health issues, aside from high
blood pressure. He has no known allergies and
no positive family history of serious neurologi-
cal disorders. The first symptoms appeared at
age 62, when he noticed difficulties with walk-
ing and speaking. Over time, these symptoms
progressed and, at the time of examination, at
age 68, he presented with severe postural insta-
bility characterized by frequent backward falls,
as well as slurred speech and difficulty swal-
lowing.

A neurological examination revealed vertical
gaze palsy and hypomimia. The patient exhib-
ited dysarthric speech (slow, slurred, and poor-
ly articulated) along with dysphagia. Bilateral
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bradykinesia and rigidity in the arms and legs were also
noted. The applause test was positive. The patient’s gait
was slow and unstable, requiring assistance. There were
no issues with sphincter control.

Basic laboratory tests were performed (including CRP,
folic acid, thyroid hormones, vitamin B12, vitamin D and
immunological tests). All parameters were within normal
limits, except for low vitamin D levels.

Magnetic resonance imaging of the brain showed a
“hummingbird” sign and a subtly elevated signal of the
tegmentum and tectum (Figure 1), as well as significant
atrophy from the concave edge of the mesencephalon
(Figure 2).

EEG findings were normal. Holter monitoring and an
EKG showed no deviations from normal. Cardiologically,
only hypertension was diagnosed, and appropriate therapy
was started. There were no signs of orthostatic hypoten-
sion.

The patient was diagnosed with probable PSP due to the
presence of mandatory criteria and key characteristics in-
cluding ocular motor dysfunction and postural instability.
Additionally, the MRI findings supported the diagnosis of
PSP [7]. The patient continued treatment with the adjusted
antiparkinsonian drugs.

Owing to his inability to control food and liquids in
the oral cavity, difficulty transferring bites or sips from the
oral cavity to the pharynx, frequent choking and coughing,
and difficult, often incomprehensible speech, the patient
was referred for rehabilitation of speech and swallowing.

Assessment of swallowing and speech abilities

To evaluate swallowing and speech, we used the Water
Swallowing Test [9], the Oral Practice Test [10], and the
Global Articulation Test [11].

Water Swallowing Test is a minimally invasive screening
procedure used to identify oropharyngeal dysphagia. The
patient is asked to sit and drink 30 ml of room-tempera-
ture water from a glass in his hand as he normally would.
During the drinking process, we record the time taken
to empty the glass and the drinking profile, which may
indicate the need for further investigations. The profiles
are as follows:

Profile 1 - the patient can swallow all the water in one
gulp without choking;

Profile 2 - the patient can drink all the water in two or
more sips without choking;

Profile 3 — the patient can drink all the water in one gulp
with occasional choking;

Profile 4 - the patient can drink all the water in two or
more sips with occasional choking;

Profile 5 - the patient frequently chokes and finds it
difficult to drink all the water.

The Oral Practice Test assesses the voluntary muscle
activity of the speech apparatus including the lips, cheeks,
tongue, soft and hard palate and jaw. It evaluates the ability
to perform specific voluntary movements of the orofacial
muscles, which are controlled by certain cranial nerves
(V, VIL IX, and XII). A dysfunction in any of these cranial
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Figure 1. Magnetic resonance on the sagittal tomogram shows the
so-called hummingbird sign and discretely elevated tegmentum and
tectum signal; a lower ratio of the diameters of the pons and midbrain
is present, as one of the differentiation factors in relation to Parkin-
son's disease

Figure 2. Magnetic resonance imaging shows significant atrophy with
concave edges of the mesencephalon

nerves can lead to an impairment of the orofacial region,
resulting in impaired articulation. The test consists of 21
tasks, ranging from simple actions (e.g., breathing in and
out through the nose, extinguishing a match) to more
complex tongue movements (e.g., creating a palatolingual
groove). The subject is asked to perform each oral-motor
pattern demonstrated by the examiner. For each success-
fully completed task, the subject receives one point, while
no points are awarded for unsuccessful attempts.

The Global Articulation Test consists of 30 words and
provides a detailed analysis of sounds, identifying both
pathological sounds and those correctly pronounced.
Correctly pronounced sounds are marked with a “+,” dis-
torted sounds with a “+,” and omitted sounds with a

The patient attended the speech therapy clinic twice a
week for the first month, and once a week for the follow-
ing five months. His daughter and wife were trained to
help him carry out the exercises during daily activities.
During therapy, we implemented oral practice exercises,
voice articulation exercises using vowels in words and
short sentences, as well as swallowing exercises to enhance
the strength and mobility of the muscles essential for swal-
lowing.

« »
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Outcome of applied treatment

Table 1 presents the results of the Water Swallowing Test
and the Oral Practice Test conducted before speech thera-
py. In the Water Swallowing Test, which lasted 15 minutes,
the patient obtained Profile 5 — he frequently choked and
found it difficult to finish the water.

Table 1. Results of the Water Swallowing Test and oral practice before
and after speech therapy

Test Before After
therapy therapy

Water Swallowing Test Profile 5 Profile 2

Oral practice test (task successfully

completed / number of tasks) 32 6/21

After six months of continuous speech therapy, we re-
evaluated the patient using the Water Swallowing Test,
which lasted five minutes. He achieved Profile 2, mean-
ing he could drink the water in two or more sips without
choking. The patient experienced no choking episodes, as
he continued to use the supraglottic swallowing technique.

On the 21-item Oral Practice Test, conducted before
speech therapy, the patient scored three points for suc-
cessfully completing three tasks, while he was unsuccess-
ful in 18 tasks. Our results from an Oral Practice Test not
previously administered to PSP patients, indicate notable
weakness of the orofacial musculature. This reflects an in-
ability to exert voluntary control, which is associated with
impaired planning and programming of movements for
speech, as well as chewing and swallowing food.

In the Oral Practice Test conducted after six months,
the patient scored six points for successfully completing
six tasks, while he was unsuccessful in 15 tasks. The results
indicate minimal improvement, insufficient to significantly
enhance the motor abilities of the oral structures, which is
in line with other studies.

In Table 2, the Global Articulation Test conducted
before speech therapy indicated impairment to all 30
phonemes, manifesting as distortion (9/+), substitution
(15/%), and omission (6/-). This was especially pronounced
in spontaneous speech, making it difficult to understand.

Table 2. Results of the Global Articulation Test before and after therapy

. Distorted and . .
UL substitution voices Omitted voices
Before therapy 24/30 6/30
After therapy 24/30 6/30

After six months, the patient distorted 10 phonemes
(%), substituted 14 (£), and omitted 6 (-), indicating no
major change in the patient’s overall speech intelligibility.

The ethical commission of the Sveti Vracevi Public
Health Institution Hospital in Bijeljina approved the study
and consent was obtained from the patient and his family
members. The research was conducted in accordance with
the Declaration of Helsinki.
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DISCUSSION

We present a patient diagnosed with PSP, who displayed
pronounced swallowing and speech symptoms, and un-
derwent speech therapy rehabilitation.

As the disease progresses, patients with PSP develop
difficulties with swallowing and speech [12]. Dysphagia
is the third most common symptom reported by PSP
patients, with patients reporting a swallowing disorder
three times more often than a speech disorder [13]. Some
authors indicate that dysphagia in PSP occurs approxi-
mately three to four years after the onset of symptoms [14],
which coincides with our patient’s experience. In PSP, the
oral/preparatory and oral phases of swallowing are most
frequently impaired [15]. In our patient’s manifestation,
this likewise occurred. During the Water Swallowing Test,
which lasted 15 minutes, the patient received Profile 5,
reflecting frequent choking and difficulty finishing the wa-
ter. The patient experienced issues with bolus preparation
and transport, attributed to weakened labial occlusion, and
restricted tongue mobility — essential for initiating swal-
lowing and moving food across the base of the tongue,
resulting in frequent choking.

In the treatment of patients with dysphagia, both direct
and medical procedures are applied. In this case study, we
utilized direct procedures (including some of the exercises
for the preparation and oral phase of swallowing) along
with oral motor exercises. Additionally, we implemented
a supraglottic swallowing maneuver, a technique that helps
reduce or control aspiration during the oral phase of swal-
lowing, to voluntarily protect the airway.

The treatment of these patients involves exercises aimed
at improving the coordination of the muscles necessary
for swallowing and stimulating the swallowing reflex.
Additionally, postural maneuvers (such as turning the head
and tucking the chin position) are employed to redirect the
flow of the bolus, helping to protect the airways and facilitate
swallowing. Subsequently, the patient is advised to take small
sips of water and bites of food, to cough and clear the throat
after swallowing, and to modify the consistency of the food
(soft/mixed/pureed) [16]. However, as the disease progresses
and patients become unable to swallow, more invasive in-
terventions are often required, such as a nasogastric tube or
a percutaneous endoscopic gastrostomy [17].

Orofacial musculature plays an important role in feed-
ing, chewing, swallowing, speaking, and facial expression.
When oral musculature is weakened, patients often experi-
ence difficulties with chewing/swallowing food as well as
speech/language difficulties [18], which is consistent with
our case study.

A basic prerequisite for the correct pronunciation of
sounds is a well-developed oral practice. This means that
the muscles involved in speech can perform all the move-
ments necessary for their proper articulation as well as
for the process of chewing/swallowing food. In the Oral
Practice Test conducted after six months, the subject
scored six points for successfully performing six tasks,
while he was unsuccessful in 15 tasks. The results indi-
cate minimal improvement, which did not significantly
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enhance the motor abilities of the oral structures - similar
to results reported in other studies [19].

Good anatomy and mobility of the speech organs en-
able adequate speech. If one of these aspects is impaired
to a lesser extent, it will have a negative impact on speech.
Speech disorders in PSP manifest as weakness, incoordina-
tion, paralysis or paresis of the speech muscles, along with
physiological impairments in speed, strength, sequencing,
and accuracy of muscle movements, which is also char-
acteristic of our case study [20]. Our patient exhibited
dysarthria (slow, slurred, and poorly articulated speech)
[21], characterized by reduced mobility, coordination, and
precision of the orofacial musculature.

The Global Articulation Test revealed that numerous
phonemes were distorted, substituted, or omitted, thus af-
fecting overall intelligibility [22].

Good articulation is directly related to oral practice,
meaning that the muscles involved in speech must per-
form well all the movements necessary for proper articu-
lation. Speech rehabilitation in patients with PSP refers
to exercises for the mobility of the speech organs, proper
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speech breathing, appropriate pace and rhythm of speech,
and proper intonation of the voice. With these exercises,
the functionality of the movement of the speech organs is
achieved. According to the Global Articulation Test after
conducted after six months, our patient’s speech did not
change significantly. Dysarthria remained present, along
with impairments in a large number of phonemes due to
distortion, substitution, and omission [22, 23], indicating
the need for continued speech therapy rehabilitation.

Parkinsonism, vertical gaze palsy, postural instability

accompanied by frequent backward falls and cognitive
deficits can significantly impair or shorten the life expec-
tancy of these patients. Therefore, it is essential to provide
increased support to both the patients and their family
members in the future [24, 25].

Swallowing and speech rehabilitation should be recom-

mended as soon as symptoms become apparent, with the
goal of preserving function and quality of life for as long
as possible.
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Tepanuja npobaema rytarba 1 roopa Kog, 60n1ecH1Ka ca nporpecuBHOM

CynpaHyK/aeapHOM Napann3om

Mwna byHwjeBal

JaBHa 3ppaBcTBeHa ycTaHoBa bonHuua,CBeTn Bpauesn', bujeminHa, Penybninka Cpncka, bocHa 1 XepuerosuHa

CAMETAK

YBop lNporpecnBHa cynpaHykeapHa napanusa je pefak o6amnk
HeypopereHepaT/iBHe eKcTpanupammaHe 6onectu. Mopes cu-
METPUYHOT MapKNHCOHM3Ma, PaHVX NafoBa, HEPEaKTNBHOCTY
Ha ,onaMMHOMUMETNYKY Tepanujy, bonect ce maHudectyje
1 npobnemnma rytama ca YeCTUM 3arpLibuBamem 1 Hepa-
3yM/bUBUM, OTEXXaHUM rOBOPOM. Y OBOM pajly nprKasyjemo
60necHVIKa ca MPOrpecrBHOM CynpaHyKneapHOM napann3om
KOjU y KIIMHNYKOj Mpe3eHTaLuju 601ecTy Ma Texak nopeme-
haj rytama n roeopa. MprmetrseHa je ogrosapajyha Tepanuja,
Koja je pe3yntoBasia Nno3UTUBHUM OArOBOPOM Ca AeIMMAYHIM
onakllaremM HaBeIeHV X CUMMTOMa.

Mpukas 6onecHnka bonecHWK MyLIKOT Mona, CTapocTy 68 ro-
AviHa, ynyheH je noronepy of ctpaHe Heyposora 36or Telwkoha
ca ryTarbem v roBopom. Kop 6onecHuKa je 6una HapyLueHa npy-

DOI: https://doi.org/10.2298/SARH240526002B

npemHa 1 opanHa dasa rytama, ca HeJOBO/bHOM JlabujanHom
OKNy31joM 1 0cnabrbeHoM nokpeTbrBoLLhy jesnka. bonecHuk
je 61o yKibyyeH y HTeH31BaH JIOroneAckn TpeTMaH y Tpajatby
of WwecT meceuy. MpumereHr pexabnnutaymoHn nporpam
pe3ynTupao je nobosbluaky GyHKLWje ryTarba v AeNTMMUYHOM
no6osbLLaky roBopa.

3aKsbyyak Jleyerby 6onecH1Ka ca NPorpecBHOM CyrnpaHykKe-
apHOM napanu3om Tpeba NPUCTYNUTN 036UIBHO 1 MHTEPANCLIN-
MIMHAPHO, C 0631POM Ha TO fla He MOCTOojU Kay3asiHa Tepanuja,
Te [la je jeAuHa onuurja CUMNTOMATCKO Jleuere creynuduuHmx
oHecnocobsbaBajyhiix cTatba. HeonxogHo je 06patuti naxmby
Ha oflabup pexabunuTaLmjckix Nporpama Koju Mory nobosblua-
TV GyHKLMje roBopa 1 ryTarba 1 KBaluTeT X1BoTa bonecHuKa.
KrmbyuHe peun: nporpecrBHa cyrnpaHyKkieapHa napanusa; ry-
Takbe; roBop; pexabunuraumja
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Autoimmune intestinal leiomyositis as a rare cause
of chronic intestinal pseudo-obstruction in children
— case report with literature review

Ivan D. Milovanovich'? Nevena Popovac', Aleksandar Sretenovi¢'? Nina Risti¢'? Radmila Jankovi¢®

"TirSova University Children’s Hospital, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction Chronic intestinal pseudo-obstruction represents a group of rare disorders characterized by
impaired gastrointestinal motility in the absence of mechanical bowel obstruction. These disorders can be
primary or secondary, with autoimmune intestinal leiomyositis falling into the latter category. This condi-
tion is observed in adolescence and adulthood but is very rarely seen in children, especially in infancy.

Case outline A nine-month-old male infant was hospitalized due to persistent vomiting, abdominal
bloating, and distension. After diagnostic evaluations and failure of conservative treatment measures,
surgical formation of an ileostomy was performed. During the procedure, intestinal samples were ob-
tained, revealing T lymphocyte infiltration of the intestine. Immunological blood analyses showed elevated
serum immunoglobulins and smooth muscle autoantibodies. Combined with histological findings and
elevated inflammatory markers, a diagnosis of autoimmune intestinal leiomyositis was established. Im-
munosuppressive therapy was initiated, leading to normalization of inflammatory markers and resolution
of clinical symptoms. After four years of immunomodulatory therapy, the ileostomy was closed, and
intestinal biopsies showed no inflammatory infiltrates. Five years later, the boy remains free of gastroin-
testinal symptoms, with normal growth and development.

Conclusion Although a rare condition, autoimmune intestinal leiomyositis is an important differential
diagnostic entity in chronic intestinal pseudo-obstruction. Early disease recognition with intestinal bi-
opsies, coupled with prompt and aggressive immunosuppressive therapy, enables favorable therapeutic

outcomes.

Keywords: child; autoimmune intestinal leiomyositis; immunosuppression

INTRODUCTION

Chronic intestinal pseudo-obstruction (CIPO)
refers to a group of rare, heterogeneous, and de-
bilitating disorders marked by impaired gastro-
intestinal motility in the absence of mechanical
blockage. The etiology may be primary (spo-
radic or familial), which is more prevalent in
children, or secondary, associated with various
metabolic, endocrine, toxic, infectious, or im-
mune conditions [1]. There are only few stud-
ies, but suggested incidence is one per 40,000
live births in the United States [2].

The clinical presentation varies depending
on the segment of the gastrointestinal tract
involved, with common symptoms including
abdominal distension, vomiting, and abdom-
inal pain. The variability in the age of onset,
disease severity, and underlying causes makes
establishing clear diagnostic criteria challeng-
ing. To address this, an expert group led by The
European Society for Pediatric Gastroenterology
Hepatology and Nutrition (ESPGHAN) pub-
lished evidence- and consensus-based guide-
lines to standardize the diagnosis and manage-
ment of pediatric patients with CIPO [3].

These guidelines served as a crucial refer-
ence in managing our patient, diagnosed with

autoimmune enteric leilomyositis — a rare con-
dition presenting in early infancy with CIPO.
With only a handful of similar cases reported in
the literature, this disorder is characterized by
lymphocytic infiltration of the intestinal mus-
cular layer causing intestinal inflammation with
dysmotility and is often associated with poor
prognosis.

Here, we presented the case with follow up
of an infant with autoimmune intestinal leio-
myositis, who demonstrated a favorable thera-
peutic response to an immunosuppressive regi-
men, achieving clinical, immunological, and
histological remission.

CASE REPORT

A nine-month-old male presented to the emer-
gency room with subocclusive symptoms, in-
cluding abdominal distension, bloating, and
vomiting. The patient’s medical history was
unremarkable except for chronic constipation,
and there was no family history of chronic gas-
trointestinal or autoimmune diseases. On ad-
mission, laboratory findings revealed elevated
inflammatory markers: erythrocyte sedimenta-
tion rate (ESR) and C-reactive protein (CRP)
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and hypoalbuminemia. Complete blood count and electro-
lytes were normal. Thyroid function tests were also normal.
Cytomegalovirus and Epstein-Barr virus infections were
ruled out using serological markers. Immunological evalu-
ation demonstrated positivity for antinuclear antibodies
and anti-smooth muscle antibodies (ASMA), accompanied
by elevated gamma immunoglobulins (Table 1). Celiac
serology was within the normal range. Imaging studies
included a plain abdominal X-ray, which showed dilated
small bowel loops with air-fluid levels, and an abdominal
ultrasound, which revealed intestinal aperistalsis. A barium
enema examination was normal.

Table 1. Laboratory and immunological panel at diagnosis and after
immunosuppressive regimen when treating pediatric patient with
autoimmune enteric leiomyositis

Parameters Values at time Values at Normal
of diagnosis | ileostomy reversal values
CRP (mg/l) 77 <0.5 <3
ESR (mm/h) 55 5 <10
Albumin (g/1) 21 35 22-47
19G (g/1) 143 5.8 41-108
ANA positive negative negative
ASMA 1/320 negative negative

CRP - C-reactive protein; ESR - erythrocyte sedimentation rate;
1gG - gamma immunoglobulins; ANA - antinuclear antibodies;
ASMA - anti-smooth muscle antibodies

Due to the absence of clinical improvement with con-
servative management, including antibiotics, prokinetic
agents and enemas, the patient underwent emergency lapa-
rotomy. Intraoperative findings revealed massively dilated,
aperistaltic small bowel with normal vascularization and
no evidence of mechanical obstruction. The macroscopic
appearance of the large bowel was normal. Full thickness
of small and large bowel biopsies was obtained, and a di-
version of ileostomy was performed.

Histological examination of the small and large bowel
demonstrated dense lymphocytic infiltration (CD3+,
CD4+ T lymphocytes, predominant and less prominent
CD8+lymphocytes) in lamina muscularis mucosae and evi-
dence of myenteric ganglionitis without fibrosis (Figure 1).
Hirschsprung disease (Congenital intestinal aganglionosis)
was excluded through histological analysis of large bowel
samples (Figure 1). In the meantime, genetic testing (whole
exome sequencing) was obtained and no pathological mu-
tations associated with CIPO were found.

Based on the symptoms, histopathological findings and
the immunological profile, treatment with methylpred-
nisolone (1 mg/kg/day for 10 days, followed by prednisone
tapering) and azathioprine (2.5 mg/kg/day) was initiated.

This therapeutic approach resulted in clinical remission
with regular bowel movements and resolution of inflam-
matory syndrome. Steroids were tapered and discontin-
ued after six months, while azathioprine was continued
for maintenance. Despite stable clinical and laboratory
remission, the patient experienced a recurrence of oc-
clusive symptoms two years later, necessitating a second
laparotomy. Intraoperative findings revealed extensive
adhesions from the ligament of Treitz to the terminal

‘ DOI: https://doi.org/10.2298/SARH241210008M
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Figure 1. Histopathological evaluation of colon and ileal biopsies
at diagnosis: A - biopsy of the colon showed no significant fibrosis
(Masson-trichrome staining); B - CD3+ T lymphocytes infiltration of
lamina muscularis mucosae and muscularispropria; C - CD4+ T lympho-
cytes infiltration of lamina muscularis mucosae and muscularispropria;
D - CD8+T lymphocytes infiltration of lamina muscularis mucosae and
muscularispropria; E and F - Terminal ileum biopsy showed similar
histopathological features (H & E)

— 2 y ERT A

Figure 2. lleal and colonic biopsy at ileostomy reversal; A — ileal biopsy
adjacent to ileostomy revealed no inflammation in the intestinal wall
(H & E); B - there were no signs of any pathological process in the
muscular layer (H & E)

ileum, described as “intestines adhered like glue” Surgical
adhesiolysis was performed with intestinal biopsies.
Histological analysis suggested mild fibrosis in the lamina
muscularis mucosae secondary to inflammation without
evidence of current lymphocytic inflammation. Steroids
were introduced and tapered for a period of three months
and azathioprine continued.

After a period of two years on azathioprine maintenance
therapy, the patient remained clinically stable. Annual lab-
oratory evaluations demonstrated normal inflammatory
markers (CRP, ESR, and albumins), normalized gamma
immunoglobulin levels and absence of histological inflam-
mation on control intestinal biopsies. At the age of five,
the ileostomy was successfully reversed. Intestinal biopsy
revealed no inflammation in the intestinal wall (Figure 2).
The patient is now a healthy, well-developed school-aged
boy under regular medical follow-up.

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):83-87



A literature review of chronic intestinal pseudo-obstruction because of intestinal leiomyositis with case report

The authors declare that the article was written according
to ethical standards of the Serbian Archives of Medicine
as well as ethical standards of institutions for each author
involved. Informed consent was obtained from all the sub-
jects involved in the study.

DISCUSSION

CIPO is a rare and severe disorder characterized by epi-
sodes of bowel obstruction without a fixed, lumen-occlusive
lesion. It can be categorized as congenital or acquired [1, 2,
4]. Acquired causes of CIPO may result from toxic expo-
sure, various infections such as Cytomegalovirus, Epstein—
Barr virus, and human polyomavirus virus [5], or autoim-
mune inflammatory processes. CIPO due to autoimmune
enteric lymphocytic leiomyositis with an autoimmune reac-
tion to smooth muscles or nerves has been reported only a
handful patients in medical literature [6, 7, 8].

Most patients have a history of preceding gastroen-
teritis, after which abdominal distension and intestinal
ileus occur. In three analyzed case reports from literature,
gastroenteritis preceded the onset of CIPO, but this was
not the case for our patient [8, 9, 10]. For this reason, it is
hypothesized that molecular mimicry between pathogens
and T lymphocytes on one side and smooth muscles in
the intestinal wall on the other side may play a role in the
pathogenesis of this disorder [5]. Anti-Yersinia pseudo
tuberculosis antibodies were detected in one infant [11].

Since diagnosing this condition requires full-thickness
bowel biopsy to detect changes across all layers, this is not
yet possible via endoscopy in children and requires surgi-
cal bowel biopsy. Histological analysis reveals a dense T
lymphocyte infiltrate in the lamina muscularis mucosae,
while the mucosa and submucosa are typically spared [3].

When analyzing the age of onset of autoimmune intes-
tinal leiomyositis, around 80% of children present with
symptoms in early childhood, but majority of them were
older than our patient [12]. The majority was two, three,
and five years of age, with more cases reported in adoles-
cents and young adults [8, 9, 10]. Only one child under
one year of age with autoimmune intestinal leiomyositis
has been reported so far, with a very unfavorable disease
course and outcome [11]. The predominance of female
patients may be attributed to the autoimmune nature of
this disorder.

In the personal medical histories of reported cases,
we observed that two children had concomitant autoim-
mune diseases: autoimmune hepatitis and pure red cell
anemia [8, 9]. This was not the case for our patient, as
clinical analysis and immunological screening excluded
associated autoimmune diseases. This difference seems
from the fact that patients with comorbid autoimmune
diseases were older, aged two and 3.5 years, respectively
[8, 9]. Additionally, there were some cases of CIPO in adult
patients with various autoimmune diseases [13].

Conversely, most patients (six out of eight), including
our patient, showed significantly elevated anti-smooth
muscle antibody titers. Two reported patients, as well as
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our patient, exhibited elevated inflammatory markers [9,
10]. These findings further confirm the autoimmune na-
ture of the disease and, alongside bowel wall biopsy, con-
tribute significantly to accurate diagnosis.

The most critical diagnostic tool remains histologi-
cal analysis of the full-thickness bowel wall. All literature
reports describe marginal or absent inflammation in the
mucosa and submucosa, which was confirmed in our case.
In all reported cases, including the one presented in this
study, there was a massive T lymphocyte infiltrate in the
lamina muscularis mucosae, sometimes accompanied by
signs of fibrosis [8]. This histological finding is crucial
for diagnosing autoimmune intestinal leiomyositis and,
alongside clinical signs of bowel obstruction and elevated
immunological parameters, forms an essential part of the
diagnostic algorithm recommended by the ESPGHAN
expert group [3].

For this reason, treatment involves immunosuppressive
medications, including steroids and immunomodulators.
Previous reports have described the use of these immuno-
suppressive drugs with variable success [14]. The youngest
patient, under one year of age, succumbed to the disease
despite steroid therapy [11]. In contrast, most patients with
autoimmune intestinal leilomyositis underwent prolonged
steroid therapy with a relapsing disease course, requiring
extended hospitalization [9, 10]. Additionally, there are
abundant literature data about intestinal transplantation
in CIPO patients, but autoimmune pathogenesis was not
predominant etiology, so we cannot recommend this sur-
gery as a therapy of choice [15, 16].

In our case, initial treatment began with steroids and
azathioprine, with steroids discontinued after six months,
while azathioprine maintenance therapy continued, as rec-
ommended by Oton et al. [6]. Our patient responded well
to both initial immunosuppressive therapies and main-
tenance treatment with azathioprine. After two years, he
experienced one relapse of intestinal pseudo-obstruction
requiring surgical intervention (adhesiolysis) but subse-
quently achieved histological remission while on immu-
nomodulator, confirmed at the time of ileostomy closure.

When comparing the clinical course of previously re-
ported autoimmune intestinal leiomyositis cases with our
patient, we observe a favorable course in our patient. He
had fewer relapsing obstruction episodes, successful il-
eostomy closure, and achieved histological remission with
minimal fibrotic tissue, due to the prolonged inflamma-
tory process. This favorable course resulted from early,
aggressive, and prolonged immunosuppressive treatment,
as recommended by Ruuska et al. [9].

What stands out in our case is that our patient is the
youngest reported with autoimmune intestinal leiomyositis
who responded well to immunosuppressive therapy, leading
to favorable clinical, laboratory, and histological outcomes.

This case highlights the critical role of combining ste-
roids and azathioprine in managing very early-onset au-
toimmune leiomyositis effectively.

Although rare, autoimmune enteric leiomyositis should
be an important consideration in the differential diagnosis
of CIPO, regardless of the patient’s age or sex. Accurate
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diagnosis relies on a high index of clinical suspicion, sup-
ported by full-thickness biopsy findings of T-cell infiltra-
tion and ASMA positivity in most cases. Early recognition
and timely initiation of therapy, before the development of
fibrotic lesions, are critical for improving patient outcomes.
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AYTOMMYHN MHTECTUHANIHYM 1€]OMUO3UTUC KO PeAaK Y3POK XPOHUUHE UHTECTUHANHE
Nceyao00NCTpyKLMje Kog aele — NnpuKka3s 6onecHMKa ca npernegom nuteparype

VBaH [l. MunosaHoBuh'? HeeHa Monoeau', AnekcaHpap CpeteHosuh'?, HiHa Puctuh'? Pagmina JaHkoBuh?

'YH/Bep3uTETCKa Aeyja KuHUMKa , TploBa’, beorpag, Cpbuja;

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

3YHusep3uTet y beorpagy, MeguunHcki dakyntet, MHcTuTyT 32 natonorujy ,Mpod. ap. hophe JoanHosuh’, beorpag, Cpbuja

CAMETAK

YBop XpoHUYHa MHTECTUHANHA NCEYA0ONCTPYKLMja NpeacTa-
BJba rpyrny peTKnx 060sbera Koja ce KapakTepuily nopemehe-
HUM MOTUIUTETOM AUFECTUBHOT TPaKTa y OACYCTBY MEXaHUUKE
6nokage upesa. O6osbetba Mory GUTU NPYMAPHA U CEKYHAAP-
Ha, @ ayTOVMYHW VHTECTUHAHW JIjOMMO3NTIC MPUMaAa rpynm
ceKyHAapHux oborbetba. OBaj nopemehaj ce Buha y agonecLeH-
umjn 1 ogpacnom foby, a BpIo PeTKo KOA AeLie, MOroToBy Y
0[10ja4yKOM y3pacTy.

Mpukas cnyyaja MyLwko ofojue y3pacTta feBeT MeceLm je Xo-
cnuTanu3oBaHo 36or ynopHor nospahatba, HaaMmara v av-
cTeH3uje Tpbyxa. HakoH o6aBrbeHe fujarHOCTUKe 1 Heycrnexa
KOH3epBaTVBHYIX TEPANUjCKMX MEpa N3BPLIEHO je XMPYPLIKO
dopmmparse nneoctome. ToM MPUIMKOM Cy Y3€T1 y30pLK Lipe-
Ba, KOjy Cy NMoKa3ann UHTECTUHaNHY UHGUNTpaumjy T-numdo-
umtMa. imyHonoLuKe aHann3e KpBuM Cy NOKa3sase NoBuLlerbe
CEePYMCKUX MMYHOIN00Y/MHa U aHTUTeNa Ha rnaTtke muwuhe,

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):83-87

Ma je y3 XUCTONOLLKN Hanas 1 MoBuLLEeHbe YNanHMX napameTapa
nocTaB/beHa AnjarHo3a ayToVMyHOT MHTECTUHAJTHOT N1ejOMUO-
3uTtnca. OpanHUPaHa je MMyHOCYNpecrBHa Tepanuja, Ha Kojy
je peTe ofpearosano HopMany3aLmjoM ynanHyux napametapa v
CMUpPVIBabeM KNMHUYKe CrnKe. HakoH YeTrpy roarHe npruMeHe
VIMyHOMOZY/1aTopa 3aTBOPEHa je 11eocToMa, a y3eTe broncuje
LpeBa MoKa3sasie Cy 0fjCyCTBO 3amnasbeHCKor nHpuntparta. et
rOAMHa HaKOH AujarHo3e, Aevak je 6e3 AnrecTnBHNX Teroba,
ypefHor pacta 1 pa3Boja.

3aKsbyyak Mako je ayToVIMyHW MHTECTUHAMTHU JIEjOMMO3UTIAC
peTka 6onecT, npefcTaB/ba BaxaH AndepeHumnjanHo-guja-
FHOCTUYKMN EHTUTET KOA XPOHMNYHE NHTECTUHANHE Ncey[oon-
cTpyKuyje. PaHo Npeno3HaBatbe 6onecTu ca broncvjama Lpesa,
PaHOM 11 arpeciBHOM NMPUMEHOM UMYHOCYNpPeCrBHe Tepanuje
omoryhaBa NoBosbaH Tepanujcku NCXoA.

KrbyuHe peuu: feTe; ayTOUMYHV UHTECTUHAMHY JIEJOMUO3UTUC;
MMyHocynpecuja
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Transglottic laryngeal melanoma presented as
severe dyspnea
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SUMMARY

Introduction While mucosal melanoma of the head and neck remains an uncommon condition, its
incidence has been on the rise in recent decades. Within the larynx, the supraglottis represents the most
frequently affected subsite, followed by the glottis, with hoarseness being the predominant symptom.
Given the tumor’s aggressive behavior and its challenging location, it is often overlooked until it pro-
gresses to an advanced stage, which significantly worsens the prognosis.

Case report A 45-year-old male patient with stridorous breathing presented to the emergency room.
An indirect laryngoscopy revealed a transglottic mass occupying the left piriform recess and the entire
laryngeal inlet, leading to an exceptionally narrowed airway. Urgent tracheostomy was performed.
Contrast-enhanced computed tomography of the neck identified an ulceroproliferative mass in the lar-
ynx, spanning the supraglottic, glottic, and subglottic regions, causing airway narrowing and extending
into the left pyriform sinus. Laryngoscopy was performed, and biopsy of the laryngeal lesion confirmed
a diagnosis of malignant melanoma. Unfortunately, the patient refused further surgical and oncologi-
cal treatment, as well as additional diagnostic procedures. Four months after the initial diagnosis, the
patient was lost to follow-up.

Conclusion Laryngeal melanoma is an uncommon condition that can necessitate an emergency tra-
cheostomy. Since melanoma can be mistaken for other laryngeal malignancies, immunohistochemical
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analysis plays a crucial role in making an accurate diagnosis. Early detection of the disease is vital.
Keywords: melanoma; laryngeal tumor; stridor; tracheostomy

INTRODUCTION

Melanoma, which arises from the malignant
transformation of melanocytes, is a type of
cancer that is becoming increasingly common.
Although head and neck mucosal melanoma
(HNMM) is an uncommon malignancy, its in-
cidence has been increasing in recent decades.
[1,2]. HNMM has an incidence of 1-4% of all
melanomas and 0.03% of all cancer diagnoses
[3]. The outlook for patients with this tumor is
poor, as it tends to recur locally and metasta-
size to distant sites. Published five-year survival
rates vary from 17.1 up to 40% [1, 4]. Mucosal
melanomas affect males and females equally
and are uncommon during the first three de-
cades of life [4].

Mucosal melanoma can develop in various
mucosal locations, but it is most detected in the
head and neck region, as well as in the anogeni-
tal and visual tracts [5].

It is estimated that 40-60% of mucosal mela-
nomas occur in the head and neck region. The
most common sites of HNMM include the
nasal cavities, paranasal sinuses, oral cavity,
pharynx, and larynx [3, 6].

The most common subsite of mucosal mela-
noma in the larynx is supraglottis followed by
glottis, with hoarseness of voice being the ma-
jor symptom. A total of 60% of patients present

with metastasis to neck lymph nodes, while an-
other 60% develop distant metastases [7].

Symptoms of HNMM can be nonspecific,
such as throat pain, hoarseness, or even as-
ymptomatic. Due to the location and aggressive
nature of this type of cancer, it often goes un-
noticed until it has reached an advanced stage,
resulting in a poor prognosis [3]. As a result,
many patients are diagnosed late in the disease
course when the cancer has already spread to
other parts of the body.

Treating HNMM is an extremely arduous
task because there is currently no therapeutic
approach that has shown significant improve-
ment in treatment outcomes [4].

Additionally, during the COVID-19 pan-
demic, it is expected that there will be delays
in diagnosis and an increase in advanced cases
of head and neck cancer due to disruptions
in cancer screening and diagnosis [8]. The
COVID-19 crisis has had a significant impact
on every stage of the patient’s journey from
cancer diagnosis to treatment [9].

CASE REPORT

A 45-year-old male presented to the emergency
room complaining of hoarseness, dysphagia,
left-sided otalgia, and fatigue for more than
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four months. His medical history revealed prolonged
consumption of tramadol tablets due to opiate withdrawal
treatment and smoking one pack of cigarettes per day for
25 years. Upon examination, the patient was conscious but
tachypneic with inspiratory stridor in a seated position,
and oxygen saturation was 90% while breathing room air.
Indirect laryngoscopy revealed a transglottic ulceropro-
liferative, reddish-colored mass occupying the left piri-
form recess and nearly obstructing the entire laryngeal
inlet, resulting in a severely narrowed airway. Although no
palpable neck nodes were detected, laryngeal malignancy
was suspected, and the initial assessment indicated a high
likelihood of difficult intubation. The patient was promptly
taken to the operating room, where an awake tracheos-
tomy was performed under local anesthesia using 25 mL
of lidocaine (40 mg /2 mL). A 10.0 mm tracheostomy
cannula was successfully placed, securing the airway. The
patient remained hemodynamically stable with an oxygen
saturation of 98%.

Blood tests revealed an elevated white cell count
(14.7 x 10°/L) with neutrophilia (11.7 x 10°/L), raised
C-reactive protein (12.3 mg/L), and anemia (erythrocytes
4.01 x 10"%/L, hemoglobin 11.7 g/dL, hematocrit 0.357 L/L,
mean cell hemoglobin concentration 328 g/L). Other blood
tests, including liver function tests, were normal, and virol-
ogy screening excluded HIV, hepatitis B virus, and hepa-
titis C infection.

Contrast-enhanced computed tomography (CT) of
the neck revealed a laryngeal ulceroproliferative mass
35.7 mm x 31.3 mm x 63.4 mm in its diameter, involving
the supraglottic, glottic, and subglottic regions, causing
airway narrowing and extending into the left pyriform
sinus (Figure 1). An additional high-resolution head CT
scan demonstrated no signs of malignancy and involu-
tional brain parenchymal volume loss. Chest radiography
revealed normal findings, and no distant metastases were
found on thorax CT and abdomen ultrasound. The patient
underwent a laryngoscopy which confirmed clinical and
CT findings. A massive laryngeal ulceroproliferative mass
completely narrowed airway, occupying left hypopharynx
with infiltration of the medial and anterior wall of the left
pyriform sinus. The posterior wall of hypopharynx, post-
cricoid region and right pyriform sinus appeared without
tumor infiltration. Biopsy was performed and a malignant
melanoma was confirmed. Oesophagoscopy findings were
normal, and an attentive intraoral examination revealed
no notable findings. The histopathological examination
revealed strong nuclear positivity for SOX10 (Sry-related
HMg-Box gene 10), a sensitive and specific marker of ma-
lignant melanoma, as well as weaker microphthalmia tran-
scription factor (MITF) positivity (Figure 2). Considering
all the performed diagnostics as well as clinical findings,
our patient was staged as T4ANOMO.

Unfortunately, the patient refused further surgical and
oncological treatment, as well as additional diagnostic pro-
cedures. He was discharged from the hospital and regularly
followed up for tracheostomy care but consistently refused
further medical treatment. On the last control, he was in a
normal state of consciousness, but his physical condition
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Figure 1. Contrast-enhanced computed tomography image of the
neck reveals ulceroproliferative laryngeal mass with airway narrowing;
tracheostomy tube is in the correct position
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Figure 2. A - Tumor cells are large, epithelioid, with abundant eo-
sinophilic cytoplasm and prominent nucleoli; hematoxylin and eosin
stain, original magnification x 400; B — tumor cells show strong nuclear
SOX10 positivity; C - tumor cells also show as weaker microphthalmia
transcription factor positivity; original magnification x 400

was in rapid decline. Four months after the initial diagno-
sis, the patient was lost to follow-up.

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

DISCUSSION

Mucosal melanoma of the larynx is an exceptionally rare
malignancy, however, there has been a trend of rising in-
cidence over the past few decades [3, 10].

The cause of HNMM remains unclear, but it is not
believed to be linked to excessive UV exposure. Instead,
contributing factors include poor-fitting dentures, physical
injury, smoking, and a family history of the disease.

Our patient’s family health history revealed no cases of
melanoma, but he had a history of chronic heavy smok-
ing. Mucosal melanoma is uncommon in patients under
65 years, however in the presented case, the patient was
45 years old [11].
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The intricate anatomical arrangement of the head and
neck coupled with the lack of early-stage symptoms present
significant obstacles for both the diagnosis and treatment of
malignant melanoma. Laryngeal melanoma may be present-
ed as an unusual sensation in the patient’s throat, hoarse-
ness, or dyspnea [5]. Our patient had a significant clinical
presentation with stridor and massive laryngeal infiltration.

The differential diagnosis of laryngeal masses, based
on their clinical appearance, includes a variety of malig-
nant and benign lesions, such as squamous cell carcinoma,
neuroendocrine carcinoma, lymphoma, paraganglioma,
and chronic granulomatous conditions of the larynx [12].
Laryngeal melanoma, as in our case, may arise as an amela-
notic lesion. Hence, accurate diagnosis may be challenging,
and priority must be placed on histologic assessment [3].
We underline that the clinical presentation of the tumor
mass in the larynx in our patient did not arouse suspicion
of mucosal melanoma. Histology analysis shows melanin
abundant tumor cells altering from polyhedral to pleomor-
phic shapes with notable mitotic activity. Verification is
performed with immunohistochemistry using S100 protein
and melanocyte markers- MART1/Melan A, tyrosinase,
HMB45, MITE Protein S100 exhibits the highest sensitiv-
ity, while HMB45 shows the greatest specificity [13]. In the
study of Suresh et al. [4], 90.2% of cases showed positivity
both to S100 and HMB45. The absence of p16 has been
reported in 74% of patients with mucosal melanoma.

Based on immunohistochemistry, it is not possible to
distinguish between primary and metastatic melanoma
[13]. Based on nodularity and primary submucosal lo-
calization, it is possible that malignant melanoma in this
study is presented as metastasis. However, since a part of
the tumor’s surface was necrotic, it cannot be reliably ruled
out that the larynx was the primary location.

Despite advancements in therapy modalities, HNMM
still remains a rare oncologic condition with a dismal prog-
nosis [12]. Primary mucosal melanoma is associated with
an extremely poor prognosis due to its invasive growth
and tendency to present at an advanced stage [7, 14]. As
an outcome, no categorical treatment strategy was adopted
for this entity.

Treatment for mucosal melanoma can include surgery,
radiotherapy, chemotherapy and, latterly, target therapy
and immunotherapy.

Valjarevi¢ S. et al.

According to the study by Grant-Freemantle et al. [12],
distant metastasis and local recurrence are the main con-
tributors to mortality in HNMM. It was found that distant
metastasis plays a more prominent role in mortality. The
study also showed that survival rates were lower with pri-
mary radiotherapy compared to surgery alone, indicating
that radiotherapy alone is less effective than surgery alone.
However, radiotherapy can be highly effective in achieving
long-term local control.

The application of postoperative radiotherapy, includ-
ing its plan and dose, remains a topic of debate. In a study
by Lu et al. [11], which included 288 patients with muco-
sal melanoma who underwent surgery, radiotherapy did
not show an improvement in overall survival or disease-
specific survival.

On the other hand, a systematic review conducted by
Jarrom et al. [15] that focused on mucosal melanoma in
the upper airways system determined that postoperative
radiotherapy could enhance locoregional control of the
disease. A study by Pincet et al. [2] also showed that pri-
mary or adjuvant radiotherapy provides a benefit on local
control and overall survival.

The outcomes of recent treatment modalities, such
as immunotherapies, have not brought about significant
improvements in the prognosis of mucosal melanoma.
However, these modalities provide new possibilities for the
treatment of inoperable tumors or as adjuvant post-surgery
treatments. Despite this, radical surgical procedures remain
a fundamental component of mucosal melanoma treatment.
It should be noted that targeted mutations vary between
cutaneous and mucosal melanoma, which means that the
treatment benefits are comparatively lesser. Also, response
rates after surgical treatment are lower than those seen in
patients with cutaneous melanoma (19% vs. 33%) [16, 17].

It is recommended that the initial and most effective
treatment for mucosal melanoma is a complete resection
with negative margins [16].

Managing mucosal melanoma is an extremely challeng-
ing task, and studies have not yet provided a clear state-
ment regarding the role of radiotherapy and novel systemic
treatments [17]. A study by Patel et al. [18] found that the
only independent predictors of outcome in HNMM are
clinical stage at presentation, tumor thickness greater than
5 mm, vascular invasion on histologic examination, and

Table 1. The brief literature review of glottic laryngeal mucosal melanoma in Europe

Cases | Author Year | Country Treatment Follow-up

1 | Cremonesi[19] 1956 | ltaly Radiotherapy and neck No details
dissection

2 | Lorentz[20] 1979 | Germany Partial laryngectomy and No details

radiotherapy

3 | Hussain and Whitehead [21] | 1989 | United Kingdom (UK)

No recurrence identified at 24
months follow-up

Radiotherapy

Duwel and Michielssen [22] 1996 | Belgium Total laryngectomy No details
5 Asare-Owusu et al. [23] 1999 | UK Radiotherapy No recurrence identified at 24
months follow-up
6 | Szmejaetal. [24] 2000 | Poland Total laryngectomy, neck No details
dissection, and radiotherapy
7 | Current case 2021 | Serbia None No details
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the development of distant metastasis. In our case report,
delayed presentation made urgency for tracheostomy. Total
laryngectomy was advised, but the patient’s refusal made
the treatment impossible.

So far, literature review revealed only 60 cases of laryn-
geal melanoma and 18 of them were in glottic subregion
[7]. In Europe, there have been six reported melanomas
of the glottis, while the last one was recorded more than
20 years ago. Of all these cases, three patients had a com-
bined treatment of radiotherapy and surgical treatment,
while another three underwent monotherapy. Only two
patients who were treated with radiotherapy attended regu-
lar examinations and it was noted that they did not have a
recurrence of the disease during the two years follow-up
(Table 1). It is evident that there is no categorical strategy
for the treatment of these malignancies even in advanced
European countries. It is also observed that most patients,
four out of six, do not have a recorded history of follow-up
after the treatment, just like in our case.

Laryngeal melanoma is a rare condition that may re-
quire emergency tracheostomy. Since melanoma can be
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mistaken for other laryngeal malignancies, immunobhis-
tochemical analysis plays a crucial role in making an ac-
curate diagnosis. Early detection of the disease is vital.
The recommended first-line treatment is radical surgery
followed by postoperative radiotherapy for optimal locore-
gional control. Despite advances in treatment modalities,
laryngeal melanoma still carries a poor prognosis with an
exceptionally low five-year overall survival rate.
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TpchrnoquM MeJ1IaHOM rpK/baHa NpeAcCTaB/bEH OTEXKaHUM JUCatbeM

CBeTnaHa Bamwapesuh'?, AHhennHa JoBaHoBuh'?, Carba Byunh', AHa Mapuja Tomuh?3, MunaH b. JoBaHoBUh'?
'KnnHnyko-60nHNYKN LeHTap ,3emyH’, Oferbere OTOPUHONAPUHIONOrMje ca MakcunodauujanHom xupyprujom, beorpag, Cpbuja;

*Yuueep3uTet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

*YHueepautet y beorpagy, MeanunHcki dakyntet, MHcTuTyT 32 natonorujy, beorpag, Cpbuja

CAXETAK

YBop MaKo je MenaHoMm Cly30Koxe rnaBe 1 BpaTa peTka 6ornecT,
HbEroBa yyecTanocT pacte nocnefmux geteHuja. Hajuewwha no-
Kanu3auuja MenaHoma naprHKca je cynparnoTuc, 3aTim roTuc,
a rMaBHM CUMMTOM je MPOMYKOCT. 360r IoKanusauuje 1 arpe-
CVBHe MPYIPOAE OBe BPCTe paka, YecTo OCTaje aCUMMTOMATCKI
CBe [OK He JOCTUrHe Y3HanpeaoBanu cTagujym 6onectu, Wto
pe3ynTripa NOLIOM NPOrHO30M.

Mpukas 6onecHuKa MauwjeHT, ctap 45 rogrHa, ca oTeXXaHUM
Jucarbem, MPUMIbEH je Y XUTHY ciy»K0y. IHgnpeKTHa napuH-
rocKkomnuja OTKpWIa je TPaHCHIOTUYHY Macy Koja 3ay3rima 1eBu
NMPUPOPMHU CUHYC 1 CKOPO LIEO Y/a3 y MapUHKC, WTO je fo-
BEJIO 10 M3Y3eTHO CYXEHOT AMcajHor nyTa. YpaheHa je XxuTHa
TpaxeoToMuja. KOHTPaCTHOM KOMMjyTepri30BaHOM TOMOrpa-
dujom BpaTta oTKprBEHa je ynueponponudepaTriBHa Maca

DOI: https://doi.org/10.2298/SARH231003011V

NapuHKca Koja obyxBaTa CynparfioTuc, FoTUC 1 Cy6rnoTic ca
CyXEereM JUCajHKX NYTEBa W LUMPEHEM Y IEBU MMPUPOPMHI
CYHYC. YUMHbEHA je 1 AMPEKTHA NIAPUHIOCKoNUja, a brioncujom je
noTepheH ManurHy MenaHoMm naprHKca. HaxanocT, nauujeHt je
04610 farbe XMPYPLLKO 1 OHKOMOLLKO fleyee, Kao 1 JoAaTHe
AVjarHoCTMYKe npoueaype. YeTnpm MeceLia HakoH MocTaBbarba
[MjarHo3e nauunjeHT je NpecTao fa Aonasu Ha KOHTpone.
3ak/byvak MenaHOM napriHKCa je PeTKO CTatbe Koje MoXe 3a-
XTEBATV XMTHY TpaxeoTomujy. [OLITO ce MenaHoOM MOXe 3aMeHU-
TV Ca BPYrUM ManurHMTeTMa NapuUHKCa, UMYHOXUCTOXeMMjCKa
aHanu3a urpa Ksby4Hy ynory y noctassbatby TauHe AujarHose.
PaHo oTKprBatbe 60NecTu je of BUTANHOT 3Havaja.

KrbyuHe peun: menaHom; TYMOP JlapUHKCa; CTPUAOP; Tpaxe-
oTomuja
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Diffuse large B-cell type of the primary non-
Hodgkin's lymphoma of the liver — a diagnostic

problem
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SUMMARY

Introduction Primary Non-Hodgkin lymphoma of the liver is an extremely rare disease. It most often

occurs as a diffuse large B-cell type.

Case outline We present the case of a 75-year-old patient who was admitted to our clinic with right-
sided subcostal pain accompanied by malaise, weakness, and elevated body temperature. Laboratory
analyzes were within normal limits. Ultrasonography and computed tomography findings showed a
sharply marginated inhomogeneous lesion in the right liver lobe with central necrosis. Intraoperatively
and pathohistologically, it was confirmed that it was diffuse large B-cell lymphoma of the liver. Surgery,
chemotherapy, radiotherapy and their combination are the methods of treatment.

Conclusion Surgical treatment with chemotherapy allows for a significantly higher survival rate.
Keywords: Non-Hodgkin lymphoma; liver; diagnosis; treatment

INTRODUCTION

Lymphomas are a type of malignant disease that
develops in lymph nodes and lymphatic tissue
of other organs [1]. There are two main types of
lymphoma: Hodgkin’s disease and non-Hodg-
kin’s lymphoma. Non-Hodgkin’s lymphoma is
divided into two types: diffuse large B-cell lym-
phoma (DLBCL) and follicular type [1, 2]. They
are manifested by lymphadenopathy that can oc-
cur in any part of the body [2]. Lymph nodes are
enlarged, hard in consistency and painless [3].

Extranodal forms of non-Hodgkin’s lympho-
ma (about 40%) occur most often at the head
and neck [3]. Primary non-Hodgkin lymphoma
of the liver is an extremely rare disease. The
tumor is most often solitary and located in the
right lobe of the liver [4, 5]. The most common
form of primary non-Hodgkin’s lymphoma of
the liver is the DLBCL [3, 4]. Secondary liver
lymphomas are usually multiple and corre-
spond to the progression of the primary nodal
form of the disease (50%) [5, 6].

Middle-aged men are most often affected,
especially those with underlining immuno-
compromising diseases [6, 7, 8]. Weight loss,
elevated body temperature, sweating, dull ab-
dominal pain in the upper part of the abdo-
men or epigastric discomfort, weakness, vague
febrile state are the most common symptoms
[6, 8] Physical examination does not provide a
lot of information’s and lymphadenopathy can
be rarely detected [6]

Laboratory analyzes are within normal lim-
its [4, 7]. Tumor markers (CEA, CA 19-9, AFP)

and serology are normal. Hepatitis C (HCV)
may be the basis for the development of pri-
mary liver lymphoma, although there are no
real studies and results to confirm that [8, 9].

The diagnosis of primary liver lymphoma is
considerably difficult [6, 9]. Ultrasonography
(US), computed tomography (CT) and mag-
netic resonance imaging (MRI) are the basic
diagnostic procedures [9].

Surgery, chemotherapy and radiotherapy
alone or in combination represent treatment
modalities of choice [9, 10].

The prognosis of the disease is poor [10].
A small number of patients are treated opera-
tively, but with mandatory postoperative che-
motherapy with an increase in the survival rate
[11].

Multidisciplinary approach is advised in
treatment of primary liver lymphoma for op-
timal effect [10].

CASE REPORT

A 75-year-old patient was admitted to our
clinic due to dull intermittent pain under the
right rib cage, accompanied by malaise, weak-
ness, and an occasional elevated body tempera-
ture of around 38 degreases for 3-4 months.
Anamnesis data speak of cholecystectomy due
to calculus 30 years ago, appendectomy and
ovariectomy, as well as stable cardiological sta-
tus — hypertension. Physical examination did
not establish any pathological findings. Tumor
markers (CEA, CA 19-9, AFP), serological
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Figure 1. Computed tomography (CT) of the abdomen, arterial phase,
axial section shows a predominantly hypodense, centrally necrotic
lesion located in the right liver lobe, without CT signs of invasion of
vascular structures

Figure 2. Histology of hepatic diffuse large B-cell ymphoma: a. mass
forming lymphoma presented well defined boundaries towards he-
patic parenchyma (HE, 10 x), b. typical centroblastic cytomorphology
(HE, 40 x), c. strong immunoexpression of CD20 antibody (SAB+/DAB,
20 x) and d. strong immunostaining with Bcl-6 antibody (SAB+/DAB,
20 x) depicting GCB-type of this ymphoma

tests, laboratory analyzes (“hepatogram”, complete blood
count, leukocyte formula, bleeding times, electrolyte
status, glycemia) were within normal limits except for
SE 90, coagulation factor II 125, V 166, VII 128, IX 148.
Esophagogastroduodenoscopy, colonoscopy, and radiogra-
phy of the lungs where with in normal parameters for the
patients age. Ultrasonographic and CT examination of the
abdomen indicated a clearly demarcated inhomogeneous
and predominantly hypodense lesion involving the greater
part of the right lobe of the liver, diameter 165 x 130 x 110
mm with a zone of pronounced central necrosis (Figure 1).

After opening the abdomen by laparotomy, exploration
of the abdomen verifies a large lesion with a diameter of
about 15 cm, which completely destroys the V, VI, VII and
part of the VIII segment of the liver with compression of
the right hepatic vein. Through an anterior approach, a ra-
diofrequency (RF) system resection of V, VI, VII, and part
of segment VIII of the liver was performed with preserva-
tion of the remaining part of segment VIII and the medial
hepatic vein. Other findings in the abdomen and liver were

‘ DOI: https://doi.org/10.2298/SARH240727096B
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normal. The abdomen was drained with four drains. On
the third postoperative day, a right sided pulmonary effu-
sion was detected, which was treated conservatively. The
patient started with oral intake on the fourth postopera-
tive day, and the abdominal drains were removed on the
sixth postoperative day. On the ninth postoperative day,
the patient was discharged from the hospital in good shape
and with proper laboratory analyses, X-ray findings of the
lungs and ultrasound of the abdomen.

The definitive pathohistological finding with immuno-
histochemical analysis was: DLBCL of the liver: DLBCL,
GCB-type with Ki-67 index of 70% and R1 resection
(Figure 2). Tumors cells were small to intermediate in
size, round, with scant cytoplasm, mostly vesicular nuclei,
coarsely granulated chromatin, with central tumor necrosis
and mucoid degeneration of the stroma.

One month after the operation, the patient had no com-
plaints, laboratory tests, US of the abdomen and X-ray of
the chest were normal. In the first three years, after the
operation, the patient regularly attended periodic surgical
examinations with laboratory analyzes and accompanying
US or CT examination. During that period no relapse of
the disease was detected. The patient declined chemothera-
py treatment immediately after the operation, as suggested
by the hematological oncology council.

This study was done in accordance with standards of
the institutional Committee on Ethics. Patient’s written
consent was obtained.

DISCUSSION

Lymphomas are a heterogeneous type of malignant dis-
ease that develops from lymph nodes and lymphatic tissue
of other organs. There are two main types of lymphoma:
Hodgkin’s disease (with four subtypes) and non-Hodgkin’s
lymphoma (25 subtypes) [1, 2]. The two most common
subtypes of non-Hodgkin’s lymphoma (over 50%), which
make up about 5% of all malignancies, are: DLBCL and
follicular type [1]. There are also transitional forms of these
subtypes [2]. Most subtypes of both forms of lymphoma
are manifested by lymphadenopathy that can occur in
any part of the body [1]. One form is MALT lymphoma
(mucosa-associated lymphoid tissue) that usually devel-
ops in the stomach (85%) to infectious and autoimmune
agents [3]. Lymph nodes are enlarged, hard in consistency
and painless. In the pathogenesis of the disease, there is
the development of abnormal lymphocytes that multiply
uncontrollably and accumulate in the lymphatic tissue [1].

Extranodal forms of non-Hodgkin’s lymphoma (about
40%) occur most often on the head and neck [1, 2].
Primary non-Hodgkin lymphoma of the liver is an ex-
tremely rare disease [3]. The right lobe of the liver is more
commonly affected than the left lobe, with an average size
of the lesion about 11.5 cm [3, 4, 5]. Macroscopically the
tumor is gray-white in color, soft in consistency, clear-
ly demarcated, with lobulated contour, and with focal
bleeding and necrosis [3, 6]. DLBCL is the most common
form (0.016% of all non-Hodgkin’s lymphomas or 0.4%
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of extranodal non-Hodgkin’s lymphomas) [4, 10]. It was
first described in 1965 [5]. Secondary liver lymphoma is
more frequent than primary form and corresponds to the
progression of the primary nodal form of the disease [5].
Establishing a definitive diagnosis of the disease clinically
and pathohistologically is difficult [6].

Middle-aged men are most often affected, although in
some individual small studies, women over 60 years of
age appear more often [4, 7, 12]. The disease occurs more
often in people suffering from immunocompromising
diseases [8].

The most common symptoms are weight loss, elevat-
ed body temperature, sweating, so-called “B symptoms”
(37-86%), dull abdominal pain in the upper parts of the
abdomen or epigastric discomfort, weakness are the most
common symptoms [2, 4, 11]. Sometimes it occurs as a
vague febrile condition or icterus (4%) [11].

Physical examination can be scanty in terms of hepato-
megaly and always without lymphadenopathy [7].

Laboratory analyzes may be within the limits of normal
values or with a slight “hepatogram” disorder, coagulation
factor disorder, anemia, thrombocytopenia, sedimentation,
lactate dehydrogenase [8, 13]. Tumor markers (CEA, CA
19-9, AFP) are normal. Serologically, the affected patient
is usually HBsAg and HCV negative [3, 14]. In some cases
(20-67%) patients can be HCV positive [14]. HCV can
be the basis for the development of primary lymphoma
of the liver, but there are no real studies to support that.
Sometimes hypercalcemia can occur (parathyroid hor-
mone-related peptide is elevated in lymphoma cells) [14].

Diagnostic modalities such as ultrasound examination
of the abdomen, CT and MRI examination are highly sen-
sitive in detecting these lesions, which are mostly solitary
and hypovascular [15]. On cross-sectional imaging, they
appear as hypodense or hypointense infiltrative lesions
and are initially often misdiagnosed as primary tumors of
hepatic origin [10]. Ultrasound examination detects a hy-
poechoic mass within the liver parenchyma, which in some
cases, due to extensive necrosis (60%), may look like a
cystically degraded structure [10, 15]. Color Doppler (CD)
signal is present around the periphery of the lesion. CT
examination can precisely localize the lesion and can shows
the relationship with the vascular structures [15]. There
is no pronounced post-contrast opacification of the lesion
in the arterial phase of the examination nor the wash-out
effect typical of hepatocellular carcinoma [12]. The tumor
is predominantly hypodense due to hypovascularity with
discretely higher density around the perimeter of the le-
sion [13]. Rarely, they can be complicated by intratumor
hemorrhage, which can be seen on a CT scan as a zone
of higher intralesional density. MRI characteristics of the

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):93-96

lesion are lower signal intensity (IS) in T1 weighted image,
higher IS in T2 weighted image, conspicuous restrictive
diffusion without postcontrast viability and no uptake of
liver specific contrast agent [15].

Very often a wrong diagnosis is made (non-specific
symptomatology, normal laboratory values, difficult and
unclear diagnostics, numerous subtypes of lymphoma)
[10]. Differential diagnosis of primary liver lymphoma
should include active form of chronic hepatitis, granulo-
matous cholangitis, inflammatory pseudotumor, anaplastic
carcinoma, metastatic process [6, 7, 11].

Definitive diagnosis is made on the basis of pathohis-
tological and immunohistochemical analysis while tak-
ing in to the account the remaining results [3, 10, 14, 15].
Therefore, it is necessary to exclude other lymphoprolifera-
tive, systemic, immunodeficient and other diseases [5, 11].

Surgery, chemotherapy and radiotherapy alone or in
combination are treatment modalities of choice [4, 10].
Regardless of the type, the disease has a very aggressive
course and the prognosis is usually poor. A massive liver
tumor, high proliferative index, advanced age and liver
cirrhosis are poor prognostic factors [5, 11]. Treatment
with only chemotherapy, gives the patient prognosis of six
months [14]. Monoclonal antibodies have great potential
for the treatment of this disease [14]. If, over time, diag-
nostic procedures verify new liver lesions, it is necessary
to change the chemotherapy. Each chemotherapy must be
adapted to the age and general condition of the patient and
the liver, stage of the disease, histopathological findings
and phenotyping [10].

A relatively small number of patients were treated op-
eratively, but with mandatory postoperative chemotherapy,
after three weeks of surgery (cyclophosphamide, doxoru-
bicin, vincristine, prednisone) [9, 12]. Survival of patients
with primary liver lymphoma (DLBCL) increases from
54% to 80% with a combination of operative treatment
and chemotherapy with an average survival of 39 months
(5-124 months) [10, 13].

Multidisciplinary approach in treatment of primary
liver lymphoma should be applied, if possible, because of
its proven effects in overall patient average survival rate
(5, 10].

In summary, primary liver lymphoma is a rare disease
that poses challenges in both diagnosis and treatment.
Advancements in diagnostic techniques, innovative treat-
ment methods, and a collaborative multidisciplinary ap-
proach can help address the challenges of accurately diag-
nosing and promptly treating liver lymphoma, ultimately
leading to improved average survival rates for patients.

Conflict of interest: None declared.
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Andy3Hu kpynHohenujcku b TMN NnpUMapHOT HEXOUYKUHCKOT iMmdoma jeTpe —

ANjarHOCTUYKKU Npobnem

[paran bacapuh'?, CredaH Munowwesuh’, He6ojwa Jlekuh'?, Jywan Wanorcki®?, Munuua Mutposuh-JosaHosuh??
"YHUBEP3UTETCKI KNUHWYKI LeHTap Cpbuje, KnuHuKa 3a gurecTreHy xupyprujy, beorpag, Cpbuja;

2Ynusepautet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*YHuBep3nTeTcKu KNUHNYKK LieHTap Cpbuje, LieHTap 3a paguonorujy, beorpag, Cpbuja

CAXETAK

YBop, MprMapH/ HEXOUKMHCKN NTMMPOM jeTpe je U3y3eTHO
peTko oborbere. Hajuelhe ce jaBrba kao Andy3HU KpymnHo-
henwjckm b Tvn.

Mpukas 6onecHuka lNpukasaHx je cnyyaj bonecHuue ctape 75
rofiMHa Koja je npumsbeHa 36or 6onosa rcnop aecHor pebap-
Hor nyka npaheHux manakcanowhy, cnabowwhy v nouLLeHOM
TenecHoM Temnepatypom. Jlabopatopujcke aHanm3se 6une cy y
rpaHuLiama HopMaHNX BPeAHOCTU. YITpacoHOrpadcku 1 Kom-
njyTepr3oBaHoM Tomorpadujom ce Bepudukyje jacHo orpaHu-
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YeHa HexoMOoreHa TYMOpCKa MPoMeHa y AecHOM 1106ycy jeTpe ca
LIeHTPa/IHOM 30HOM HeKpo3e. /IHTpaonepaT!BHO 1 MaTOXUCTO-
NoWWKY noTBpheHo je aa ce paam o Anudy3Hom KpynHohenujckom
b numdomy jetpe. Xupypruja, xemoTepanuja, pagnotepanuja n
HbVIXOBa KOMOVHALMja Cy HAaUVHW Nleyekba.

3aksbyyak XvpypLUKV TPeTMaH ca xemoTepanujom omoryhasa
3HATHO BYLLY CTOMY NPEeXWB/baBatba.

KrbyuHe peun: HeXOUKUHCKI TMMOM; jeTpa; AUjarHOCTVKa;
neyere
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SUMMARY

Vitamin D (calciferol), i.e. its active metabolite calcitriol [1,25(0H)2D], apart from essential participation
in calcium and phosphorus homeostasis, is an important factor in the regulation of cell proliferation,
differentiation and apoptosis, angiogenesis, immune and hormonal activity and other processes in the
human body. Hence, its optimal balance is extremely important for adequate prenatal and postnatal
growth and development, as well as for the preservation of health in other phases of life. This article
provides a brief overview of the natural sources of vitamin D, its metabolism and physiological role, as
well as current recommendations related to the coverage of its optimal needs.

Keywords: vitamin D; physiological role; optimal need

INTRODUCTION

Vitamin D (calciferol), i.e. its active metabolite
calcitriol [1,25(OH)2D] is an essential factor in
ensuring calcium and phosphorus homeostasis
and an important participant in the regulation
of cell proliferation, differentiation and apop-
tosis, as well as immune, hormonal and other
processes in the human organism [1-7]. Hence,
its optimal balance in the body is extremely im-
portant for normal prenatal and later growth
and development, as well as for maintaining
health in other phases of life [8—14]. This article
provides a brief overview of the natural sources
of vitamin D, its metabolism and physiologi-
cal role, as well as current guidelines related to
meeting its optimal needs.

NATURAL SOURCES OF VITAMIN D

There are two major forms of vitamin D: vitamin
D> (ergocalciferol) and vitamin D3 (cholecalcif-
erol), which differ in origin and chemical struc-
ture. Both variants of vitamin D are the product
of photolytic cleavage of the C9-C10 bond in
the sterol B ring after exposure to ultraviolet-
B (UV-B) rays of wavelengths 290-315 nm of
the respective precursors, i.e. in the skin of man
and most terrestrial vertebrates 7-dehydrocho-
lesterol (7-DHC) to cholecalciferol and in yeast
and other fungi ergosterol to ergocalciferol [1,
14, 15]. The origin of vitamin D in fish comes
from zooplankton and microalgae in the food
chain in water, while some land animals, such as
dogs and cats, get it by consuming prey which

stores vitamin D3 in the liver and adipose tissue
[16, 17]. Unlike cholecalciferol, the side chain of
ergocalciferol has a double bond at the position
(C22-C23 and a methyl group at C24. A recent
comparative analysis of the results of 20 studies
showed that vitamin D3, apart from more effi-
ciently raising serum 25(OH)D concentration,
has no advantage over vitamin D> [18].

Most of our vitamin D needs are met by pro-
duction in the skin, while foods, excluding fish
oil, fatty fish, liver, egg yolks, edible mushrooms
treated with UV light, and fortified foods such
as milk formulas, are poor sources of vitamin
D (Table 1) [1, 7, 19, 20, 21].

Table 1. Vitamin D content in foods [20, 21]

Food Content (IU/100 g)
Human milk 2.5-3
Standard milk formulae 40-60
Cow’s milk 4
Chicken 15-20
Beef 30-50
Chicken liver 50

Hen egg yolk 125-215
Mushrooms, champignons* 75
Mushrooms, chanterelle* 210-570
Fish 200-990
Cod liver oil 8400-10,000

*Exposed to UV light

During photolysis of 7-DHC in epidermal
keratocytes and dermal fibroblasts under the
influence of sunlight, previtamin D3 is formed,
which is then isomerized to vitamin D3 at skin
temperature [1, 7, 13, 22]. The level of skin pro-
duction of vitamin D depends on latitude and
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altitude, season, time of day, body surface area and length
of exposure to the sun, amount of melanin in the skin, age
and degree of protection from sunlight, and genetic factors
[1,7,13,23, 24]. Apart from staying in the shade and using
sun protection creams, cloudy weather and air pollution
significantly reduce the skins production of vitamin D3 [1,
7,24]. It is important to point out that excessive exposure
to sunlight, especially sunburn, increases the risk of skin
cancer, so it should be avoided [14, 25]. Bearing in mind
the cumulative nature of sun damage, this is additionally
true for the pediatric age group, and especially for infants
under six months of age, who should not be exposed to
direct sunlight due to the developmental hypersensitivity
of the skin [26].

Holick [14] suggests that exposing the arms and legs
for 5-30 minutes (depending on the time of day, season,
latitude, and skin pigmentation) between 10 a.m. and 3
p-m. twice a week is often enough to meet vitamin D needs.
Due to photoisomerization into non-toxic metabolites (lu-
misterol, tachysterol, suprasterol I and II, and 5,6 trans
cholecalciferol), the protective effect of melanin and skin
desquamation, vitamin D intoxication through sun expo-
sure is not possible [1, 7, 22, 25].

Vitamin D produced in the skin diffuses into the blood
and, bound to vitamin D binding protein (DBP) and partly
to albumin (10-15%), is transported to the liver, where it
is hydroxylated into 25(OH)D (calcidiol), while the excess
is deposited, mainly (75%) in fatty tissue, and the rest in
the liver, muscles, and skeleton [1, 7, 22].

Vitamin D from food and supplements is absorbed in
the small intestine by passive diffusion through micelles
containing bile acids and then, incorporated into chylo-
microns, exported from the enterocytes to the lymphatic
system and transported to the systemic circulation [7]. The
degree of intestinal absorption of vitamin D in a healthy
person varies between 55% and 99% (on average about
80%), while in patients with fat malabsorption it is very low
[7, 13,22, 27]. After entering the circulation, vitamin D is
released from chylomicrons under the action of lipoprotein
lipase and follows the same path as the fraction formed in
the skin [7, 22].

Intestinal absorption of calcidiol, which is found in
drugs intended for patients with fat malabsorption, as well
as in variable amounts in some foods of animal origin,
such as meat (0.8-16.4 IU/100 g), liver (2.8-30.8 IU/100
g) and kidney (3.6-93.2 IU/100 g), since it is soluble in
water, is independent of the presence of bile acids and the
formation of micelles and is therefore significantly more
effective (about 93%) [22, 28]. The active metabolite of
vitamin D, 1,25(OH)2D (calcitriol), is found only in trace
amounts in animal foods and does not contribute much
to the biological activity of vitamin D [28]. Like other
water-soluble substances, hydroxylated forms of vitamin
D are absorbed directly from the proximal jejunum into
the portal bloodstream and, bound to DBP and to a lesser
extent to albumin, are distributed throughout the body
[22, 28]. In contrast to vitamin D, which is mostly found
in fat-tissue depots, 25(OH)D is more evenly distributed
in the body (about 35% in fat tissue, 30% in blood, 20%
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in muscles, and 15% in other tissues) [22]. According to
research conducted on submarine personnel, the half-life
of 25(OH)D in circulation in the absence of cholecalciferol
supplementation is about two months [29].

Fetal need for vitamin D is met by placental transfer
of hydroxylated forms of vitamin D, i.e. 25(OH)D and
1,25(0OH)2D [12]. At birth, human infants possess a small
reserve of vitamin D in the form of 25(OH)D, which disap-
pears during six to eight weeks of postnatal life [7].

ACTIVATION OF VITAMIN D

Since it is a biologically inert compound, in order to express
its effect, vitamin D must go through two hydroxylation
processes, the first in the hepatocyte microsomes and the
second in the mitochondria of renal proximal tubular cells.
The first hydroxylation is catalyzed by the 25-hydroxylase,
resulting in 25(OH)D, the major circulating form of vitamin
D, which is bound to DBP and to a lesser extent to albumin
and distributed to all cells of the body. The second reac-
tion is mediated by 1a-hydroxylase, which converts 25(OH)
D to the biologically active hormone, 1,25(OH)2D. Apart
from the kidney, 1a-hydroxylase is present in macrophages,
monocytes and cells of the skeleton, teeth, breast, prostate,
colon, pancreas, brain, adrenal glands, placenta and other
tissues [1]. The half-life of 25(OH)D in circulation is about
15 days, while 1,25(OH)2D is inactivated in four hours [7,
30]. Therefore, serum 25(OH)D levels are used as a reliable
indicator of vitamin D status in the body [7, 31]. Table 2
shows the criteria of the Institute of Medicine (IOM, since
2015 the National Academy of Medicine of the United States
of America) regarding the level of 25(OH)D in serum and
health [7]. Apart from the risk of a toxic effect of vitamin
D, the IOM bases its recommendation regarding the upper
reference value of the serum level of 25(OH)D on the ab-
sence of evidence to support that its level over 125 nmol/L
results in additional health benefits [7]. The relevant associa-
tions of the Nordic and DACH countries, Australia and New
Zealand, as well as the American Academy of Pediatrics and
the Endocrine Society agree with the IOM guidelines re-
garding the lower limit of vitamin D adequacy based on se-
rum 25(OH)D concentration, while the American Geriatrics
Society, the International Foundation for Osteoporosis and
some experts believe that it should be 75 nmol/L, respec-
tively 100 nmol/L [30, 32, 33].

Table 2. Serum 25(0OH)D concentrations and health [7]

nmol/L* ng/mL* Health status
Associated with vitamin D deficiency,
<30 <12 which can lead to rickets in infants and
children and osteomalacia in adults
Generally considered inadequate for
30to<50 |12to<20 |boneand overall health in healthy
individuals
> 50 20 Generally considered adequate for bone
= = and overall health in healthy individuals
Linked to potential adverse effects,
>125 >50 particularly at >150 nmol/L (> 60 ng/mL)

*One nmol/L = 0.4 ng/mL, and 1 ng/mL = 2.5 nmol/L
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The activity of 1-alpha hydroxylase in the hydroxylation
of 25(OH)D to 1,25(OH)2D in the kidneys is primarily
stimulated by parathyroid hormone (PTH), but also by
hypocalcemia, hypophosphatemia, growth hormone, sex
hormones, prolactin, and low levels of serum 1,25(OH)2D,
while the activity of this enzyme in extrarenal tissues is
regulated by autochthonous factors, such as local growth
factors, cytokines (gamma-interferon, tumor necrosis fac-
tor) and others [2, 5, 34]. A major suppressor of vitamin
D activation is fibroblast growth factor-23 (FGF-23), a
bone-derived hormone produced mainly by osteoblasts
and osteocytes in response to increased extracellular
phosphate and circulating 1,25(OH)2D [1, 35]. FGF-23
reduces renal 1,25(OH)2D synthesis by inhibiting the ac-
tivity of la-hydroxylase, which transforms 25(OH)D into
1,25(0OH)2D, and by stimulating 24-hydroxylase, which
degrades both 25(OH)D and 1,25(0OH)2D [1, 35, 36].
Therefore, adequate concentrations of 1,25(OH)2D in the
body, in addition to regulating synthesis, are also achieved
by controlling its inactivation. Inactivation of 1,25(OH)2D
is carried out by hydroxylation at C24, not only in the
kidneys, but also in the intestines, bones, cartilage, skin,
prostate, placenta and other tissues, which results in the
formation of inactive water-soluble products (calcitroic
acid and 23-carboxylic derivatives) that are eliminated in
bile and urine [2, 7, 22].

Due to efficient and unlimited intestinal absorption,
high deposition in the body and extremely limited elimi-
nation, excessive oral intake of vitamin D leads to hyper-
calcemic heart rhythm disorders, the formation of renal
stones, as well as soft tissue calcification and resultant re-
nal and cardiovascular damage [7, 22, 37]. An identical
problem occurs as part of a non-critically high parenteral
administration of vitamin D. Likewise, excessive vitamin
D intake during pregnancy, in addition to preterm birth,
can cause excessive transplacental transfer of 25(OH)D
and life-threatening hypercalcemia in the newborn [38].

PHYSIOLOGICAL EFFECTS OF VITAMIN D

The physiological effects of 1,25(OH)2D are mediated via
the nuclear receptor (nVDR), i.e. by stimulating or inhib-
iting the transcription of more than 1000 human genes,
and partly through membrane receptors (mVDRs) [1, 4,
13, 34, 39]. Both effects of 1,25(OH)2D work in synergy,
although the genomic effect (i.e., mediated by nVDR) is
much slower than the membrane effect [13]. By modu-
lating gene expression, the synthesis of various proteins
responsible for the classic (calcitropic) and non-classic
(non-calcitropic) effects of vitamin D is regulated [1, 4,
35]. Membrane (non-genomic) effects of 1,25(0OH)2D, also
significant for cell function, are reflected in the regula-
tion of cellular permeability to calcium and chlorine, as
well as in raising the intracellular level of phospholipase
C, cyclic guanosine monophosphate, protein kinase C and
phosphoinositide metabolism [4, 34]. Through its main
target tissues — the small intestine, kidneys and bones -
vitamin D plays a key role in the regulation of calcium
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and phosphorus homeostasis [1, 4, 13]. In enterocytes
and tubulocytes 1,25(OH)2D stimulates the synthesis of
calcium channels, calbindin, Ca2+ATP-ase, 3Na+/Ca2+
ion exchanger and 2Na+/HPO42- cotransporter, thus
enabling intestinal absorption and renal reabsorption of
these ions and their transfer into the circulation [34]. The
normal level of calcium and phosphorus in body fluids is
of essential importance for numerous metabolic processes,
neuromuscular function and mineralization of the skel-
eton and teeth [7]. In bone tissue, 1,25(OH)2D through
nVDR and in cooperation with PTH induces the matu-
ration of osteoclasts, which by remodeling bones release
calcium and phosphorus into the circulation [1, 7, 34].
Although it represents, to a certain extent, a normal event,
this process is particularly pronounced in conditions of
insufficient intake, malabsorption or pathological loss of
calcium [7]. In contrast, after the establishment of a nor-
mal serum calcium level, as well as during the period of
growth and development, the genomic effect of vitamin D
is primarily directed towards the maturation of osteoblasts
and osteocytes [40]. In the renal tubule 1,25(OH)2D and
PTH stimulate reabsorption of filtered calcium, thus con-
tributing to the maintenance of its homeostasis [7]. Hence,
the endocrine function of vitamin D is primarily aimed at
increasing the absorption of calcium from food, while in
conditions when this is not enough, at stimulating its renal
reabsorption and mobilization from bones [1, 7].

In addition to calcitropic (classical), 1,25(OH)2D pro-
duced in the kidneys also has non-calcitropic (non-clas-
sical) effects, which are reflected in the modulation of T
and B lymphocyte functions, reduction of renin expression,
stimulation of insulin secretion and increased sensitivity
of cells to its action, and participation in the control of
the synthesis and release of thyrotropin hormone, atrial
natriuretic peptide, osteocalcin and some other biomol-
ecules [1, 5,7, 11, 34]. The discovery that nVDR is present,
not only in the cells of organs responsible for calcium and
phosphorus metabolism but also in many other cells in the
body, and that these cells contain the enzyme responsible
for the hydroxylation of 25(OH)D into 1,25(OH)2D, as
well as the 24-hydroxylase that deactivates it, led to the
knowledge of autochthonously (locally) regulated non-
classical, primarily non-calcitropic, effects of vitamin D [1,
34]. Optimal autocrine (intracrine) and paracrine produc-
tion of 1,25(OH)2D, which is conditioned by the normal
level of serum 25(OH)D, thanks to its antiproliferative,
prodifferentiating, and proapoptotic effect, significantly
reduces the risk of malignant alteration [1, 7]. In addi-
tion, the autocrine effects of vitamin D are reflected in
anti-neoangiogenesis and differentiation of malignant cells,
which slows down the spread of malignant tissue, as well as
stimulating the function of macrophages/monocytes and
other components of innate immunity [1, 5, 31].

The endocrine and autocrine-paracrine effects of vita-
min D are fully expressed prenatally. In addition to ensuring
the fetal needs in calcium and phosphorus, 1,25(0OH)2D
plays an important role in the development of the central
nervous system, lungs, immunity and other systems [41,
42]. Hence, the optimal balance of vitamin D in a pregnant
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woman is extremely important, not only for her health and
the normal course of pregnancy, but also for the proper
growth and development of the fetus [41, 42]. Covering the
needs in vitamin D during lactation, due to the additional
requirement in calcium and phosphorus, has an important
role in the prevention of demineralization of the skeleton
and teeth in nursing mothers [41, 43]. Apart from its es-
sential role in proper prenatal and later growth and devel-
opment, a normal balance of vitamin D is an extremely
important factor in the prevention of various diseases, both
in children and in adults and the elderly. This is supported
by numerous epidemiological studies that, in addition to
tinding hypomineralization of bones and teeth, confirm
an association between vitamin D deficiency and the ap-
pearance of some malignancies, especially those of the co-
lon, prostate, breast, and ovaries, as well as autoimmune
diseases, such as multiple sclerosis, rheumatoid arthritis,
type 1 diabetes mellitus, and arterial hypertension, type 2
diabetes mellitus, and allergic, cardiovascular, and neuro-
muscular diseases [11, 13, 31, 39, 43]. In addition, vitamin
D deficit during pregnancy, besides side effects on fetal
development, carries the increased risk of gestational diabe-
tes, pre-eclampsia, C-section, preterm delivery, postpartum
depression, and other complications [1, 12, 41, 42, 43].

RECOMMENDED VITAMIN D INTAKES

Recommended dietary intakes of vitamin D for persons
at risk for vitamin D deficiency, i.e. in the absence of op-
timal sun exposure, and upper-level intake according to
the recommendation of the IOM are given in Table 3 [7].
The European Food Safety Authority fully agrees with
these recommendations, as does the Endocrine Society
(ES) [44, 45, 46]. Recommendations for dietary vitamin
D intake for children and adolescents of the European
Society for Pediatric Gastroenterology, Hepatology and
Nutrition, the American Academy of Pediatrics, and the
Global Consensus on the Prevention of Nutritional Rickets
are also in agreement with the IOM position [47, 48, 49].
The recommendations of other relevant associations are,
to a greater or lesser extent, different [32, 50].

In contrast to the earlier position, the ES within the
current Clinical Practice Guidelines on vitamin D rec-
ommends its routine supplementation for children and
adolescents, pregnant women, adults with pre-diabetes
and people older than 74 years, but not for healthy adults
aged 19-74 years [31, 45, 46]. These recommendations do
not apply to people whose physiology of vitamin D was
disrupted due to health reasons or therapeutic procedures,
as well as those who live in countries where food fortifica-
tion with vitamin D is not standard, which must provide
its entry in accordance with IOM dietary reference intakes
[45]. Also, within the framework of vitamin D supplemen-
tation, intake of low daily doses is recommended, because
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Table 3. Dietary reference intakes for vitamin D [7]

Recommended Upper-level
Life stage group (years) dietary allowance intake
(IU/day) (IU/day)
0-6 months 400* 1000
6-12 months 400* 1500
1-3 years 600 2500
4-8 years 600 3000
9-18 years 600 4000
19-70 years 600 4000
> 70 years 800 4000
Pregnant/nursing women 600 4000

*Adequate intake for infants is 400 IU/day for 0-12 months of age

high intermittent (weekly or monthly) application can lead
to unwanted effects [45]. In addition, the ES within the
previous recommendations, published in 2011, suggests
that obese children and adults (BMI > 30 kg/m?), due to
the sequestration of vitamin D in adipose tissue, as well
as patients taking anticonvulsant drugs, glucocorticoids,
antifungals such as ketoconazole and AIDS drugs, due to
the hypercatabolic effect on vitamin D, require at least two
to three times higher vitamin D intake compared to the
appropriate age group [31].

CONCLUSION

Vitamin D is an essential component of numerous pro-
cesses in the body and, accordingly, of adequate growth
and development, as well as the preservation of health in
all phases of life. It achieves its physiological effect in small
and narrowly defined amounts. Therefore, its deficit and
excess can lead to numerous, and in severe forms, very
serious health problems. Cutaneous production, i.e. pho-
tolysis of 7-DHC under the influence of sunlight, is the
main source of vitamin D, while food, excluding fish oil,
marine fish, liver, egg yolks and milk formulas, contains
little of it. In accordance with this, in the absence of opti-
mal sun exposure, as well as insufficient intake of vitamin
D in food, it is necessary to meet its need in the form
of a supplement. Although the positions of the relevant
international associations regarding optimal vitamin D
intakes are not harmonized, the fact is that most of them
tully or approximately align with the IOM recommenda-
tion from 2011.
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SUMMARY

In recent decades, the prevalence of known but insufficiently treated diseases and disorders has increased
significantly. However, there is the manifestation of disorders whose causes were already known but
were not sufficiently controlled. Public health problems are becoming more frequent and more current.
Among the current public health problems, many symptoms and diseases are linked to certain vitamins,
unhealthy lifestyles, and other contributing factors. Vitamin D is one of the current public health topics
that has recently attracted increasing scientific attention. A biologically essential compound, vitamin D
affects many functions in the human body, and the deficiency of this vitamin is widespread throughout
the world. Vitamin D can be found in the form of dietary supplements, but it is also recognized as a

registered medication in some contexts.

Keywords: disease prevention; public health; vitamin D

INTRODUCTION

The COVID-19 pandemic has highlighted nu-
merous public health issues and significantly
increased interest in preventive health mea-
sures, both at the personal and global level.
This pandemic has prompted people to think
about the importance of preventive measures
in the occurrence of diseases [1]. One of the
leading public health problems was vitamin D
deficiency. It is a liposoluble, hydrophobic com-
pound that can be found in two main forms:
vitamin D, (cholecalciferol) and vitamin D,
(ergocalciferol). The most common source of
vitamin D is food of animal origin such as tuna,
sardines, cod, and turkey. It is also found in
plants, but it is scarcely bioavailable in these
foods. We should not omit the fact that a large
part of vitamin D is created endogenously
through exposure to sunlight [2]. Vitamin D
affects numerous organ systems, but lately its
anti-cancer role and its great influence on the
immune system have been highlighted. It also
affects the cardiovascular, endocrine, and im-
mune system, but it affects other organ systems
as well, leading to a wide range of diseases.
Moreover, numerous inflammatory bowel
diseases, and some liver and lung diseases can
also lead to a decrease in levels of vitamin D
(Table 1) [3].

Table 1. General guidelines for preventing vitamin D
deficiency and recommended daily intake [5]

Age (years) Vitamin' D 'recommended
daily intake (IU)
<1 <400
1-18 <1000
18-75 <2000
>75 <4000

PUBLIC HEALTH REVIEW AND
PUBLIC HEALTH PLANS AND
RECOMMENDATIONS

Obesity is another condition associated with
vitamin D deficiency, as shown by meta-an-
alytical studies that included over 24,000 par-
ticipants under the age of 18 [4]. These studies
clearly indicate that deficiency in obese indi-
viduals is greater than in those who are opti-
mally nourished [4]. The depot of vitamin D
is mainly located in the liver, but it can also
be stored in adipose tissue. This has critical
implications, as achieving optimal vitamin D
levels is more challenging in obese individuals
due to its sequestration in fat stores [3]. It is
important to point out that vitamin D, can be
found in mushrooms, some plants, and yeast,
while vitamin D, can be found in foods of ani-
mal origin and also via sun exposure [5]. All
recommendations are based on a patient’s age
and vitamin D levels. The primary route of vi-
tamin D elimination is via feces, along with loss
through skin shedding [5]. When it was first
reported that over 95% of children with rickets
received vitamin D exclusively through breast
milk, the American Pediatric Scientific Council
recommended supplementation with vitamin
D for newborns, infants, and children. Vitamin
D has receptors in all cells in the body, but its
best-known role is in the prevention of rick-
ets [6]. (Sentence restructured below.) Dental
caries represent an important public health
problem. Studies have shown that insufficient
vitamin D intake via breast milk, coupled with
inadequate supplementation, can lead to de-
generative changes in tooth enamel and other
dental defects in children [8]. In a randomized
controlled study conducted on school children,
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which lasted three years in Mongolia, the results clearly
showed that supplementation with vitamin D in an ad-
equate dose was effective in patients with a deficiency of
this vitamin, but not effective in overall physical develop-
ment of children [9]. A study conducted in China showed
that vitamin D deficiency was more common in girls than
in boys. However, the study included a pediatric popula-
tion aged from birth to four years [10]. While vitamin D
hypervitaminosis is rare, it is often caused by improper
and inadequate use of this vitamin. In the United States,
about three percent of people take more than the optimal
dose of vitamin D, and it has been proven that there can be
numerous consequences, namely the following: increased
excretion of calcium in the urine, which can lead to neph-
rolithiasis, headache, nausea, and ataxia [11]. Some studies
emphasize numerous advantages of supplementation with
vitamin D, compared to vitamin D,, as D, is more effective
in achieving optimal serum levels and elicits a stronger
biological response, which is obtained exclusively from
dietary sources [12]. Vitamin D, is synthesized in the skin
with sun exposure and has greater potency in activating
vitamin D receptors [13]. A significant risk factor for the
development of vitamin D deficiency is darker pigmenta-
tion of the skin, which filters sunlight and reduces the efti-
ciency of vitamin D precursors in the skin [14]. Systematic
meta-analytical studies support this, showing that children
in Africa exhibit pronounced vitamin D deficiency and,
consequently, a greater tendency to respiratory diseases
such as asthma [15].

VITAMIN D DEFICIENCY AND INFECTIOUS DISEASES

Hospital-acquired infections caused by Clostridioides dif-
ficile have attracted the attention of the scientific public,
especially in recent decades. It is known that only three
antibiotics are effective against this bacterium. Recently, a
new antibiotic from the group of macrolides, fidaxomicin,
has demonstrated high efficacy. Retrospective four-year
studies clearly show the severity of this infection in pa-
tients with comorbidities [16]. A randomized controlled
trial further corroborates earlier findings, revealing that
patients who received parenteral vitamin D, experienced
significantly faster recovery. This outcome is attributed
to cholecalciferol’s dual role in modulating the immune
system and positively influencing the intestinal micro-
biota [17]. The Epstein-Barr virus, which is a known and
proven cause of sarcoma and cancer, also causes a major
public health problem [18]. Vitamin D deficiency, as well
as selenium deficiency, have a significant indirect effect
on the occurrence of autoimmune diseases with comorbid
Epstein-Barr virus infection [19]. Also, one of the most
pressing public health problems in the last five years was
the infection caused by the SARS-CoV-2 virus. An im-
portant role was played by liposoluble vitamins and their
influence on cytokines, and a special role in an adequate
immune response was played by vitamin D and vitamin
E [20]. Vitamin E is the name for a group of compounds
known as tocopherols. The most important biological
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function is played by alpha-tocopherol, which is respon-
sible for preventing an exaggerated immune response [21].

INTERACTION OF VITAMIN D AND DRUGS

Vitamin D and its analogs have a strong synergistic effect
with azacitidine and other anticancer drugs. Studies have
shown that these compounds significantly enhance the
efficacy of certain anticancer treatments compared to the
effects of the drugs used independently [22]. Some drugs
used in epilepsy, such as phenytoin, can induce cytochrome
P450 and thereby accelerate the breakdown of vitamin D,
and if used long-term can lead to severe deficiency of this
vitamin. Therefore, patients should be closely monitored
through regular check-ups to prevent the consequences
of these effects [23]. Phenobarbital, carbamazepine, and
primidone have a similar effect on vitamin D - these an-
tiepileptic drugs also contribute to a decrease in vitamin
D [24]. One of the strongest vitamin D antagonists that
lowers serum vitamin D levels are corticosteroids. They
impair vitamin D absorption in the intestines and stimulate
the activity of hydroxylase enzymes, leading to a significant
reduction in serum vitamin D levels [25].

CONSEQUENCES OF SELF-INITIATED VITAMIN D
SUPPLEMENTATION

Limits for vitamin D deficiency (< 20 ng/ml) and insuf-
ficiency (20-30 ng/ml) to adequate levels of serum (30-80
ng/ml) are not completely scientifically based [26]. A ran-
domized cohort study showed that taking vitamin D can
result in severe hypercalcemia, but also that the optimal
dose can prevent the occurrence of certain cancers [27].
Dexamethasone, a corticosteroid commonly used in vari-
ous treatments, is a well-documented example of a drug
that negatively impacts vitamin D metabolism [28]. Self-
initiated intake of supplements and medicines, includ-
ing vitamin D, can lead to serious health consequences if
undertaken without consulting a healthcare professional.
Both the dose and the duration of vitamin D supplemen-
tation can lead to serious consequences. A patient who
used the prescribed therapy for an inadequate period of
time subsequently developed severe complications, includ-
ing vomiting, disorientation, and drowsiness. Laboratory
analyses revealed hypercalcemia and acute kidney injury
as a result of improper use [28].

Consequences of vitamin D hypovitaminosis

Apart from the key impact of vitamin D deficiency on the
bone system, which results in osteopenia and osteoporosis,
vitamin D has also been linked with diseases of nervous
tissue, muscle, kidney, immune, and other organ systems
[29]. Therefore, vitamin D deficiency is associated with the
onset of malignant neoplasms of various types, hyperten-
sion, autoimmune diseases, type 2 diabetes, depression,
and other diseases. The duration of vitamin D deficiency
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also influences the disease course and impairment of
health. A certain degree of deficiency and its duration are
necessary for a disease to develop [30].

CONCLUSION

Preventing vitamin D deficiency requires a combination
of proper dietary habits and proactive healthcare prac-
tices. Routine and timely visits to a physician are essential
for early detection and prevention of hypovitaminosis.
Routine medical check-ups can help identify symptoms
of diseases associated with impaired vitamin D absorp-
tion, prompting targeted laboratory tests to assess serum
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vitamin D levels. Preventive and corrective measures for
vitamin D deficiency can significantly reduce the risk of
numerous associated diseases. Furthermore, it is crucial to
consider the potential interactions between medications
and vitamin D metabolism, as certain drugs can interfere
with its absorption and function. Careful monitoring and
adherence to professional guidance are vital to ensuring
safe and effective vitamin D supplementation.
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SUMMARY

The Clinic for Otorhinolaryngology and Maxillofacial Surgery at the University Clinical Center of Serbia
celebrates its 100th anniversary in 2024. Established in 1924, the clinic has significantly contributed to the
development of otorhinolaryngology in Serbia, keeping pace with European advancements. Its origins
trace back to the early 1870s with Dr. Jovan Jovanovi¢ Zmaj, a physician who pioneered laryngoscopy
in the country, and to Dr. Vladan Dordevic in 1871. Both were pioneers of laryngoscopy - Dr. Jovanovi¢
Zmaj in Novi Sad, and Dr. Dordevi¢ in Belgrade. The clinic initially operated at the General State Hospital in
Belgrade, before expanding and relocating multiple times. It has continually grown, introducing cutting-
edge treatments and technologies, including endoscopic procedures, pediatric care, and advanced head
and neck surgeries. Today, the clinic has 115 beds, six operating rooms, and specialized departments,
offering comprehensive care in otorhinolaryngology and maxillofacial surgery. With a strong educational
focus, it trains future medical professionals and continues to lead innovations in ENT and maxillofacial
surgery. The clinic’s strategic goals include modernizing equipment and expanding capacities, aiming
to maintain its position as a leader in the field.

Keywords: otorhinolaryngology; maxillofacial surgery; medical history; Serbia; clinical education; health

facility administration

INTRODUCTION

The origins of otorhinolaryngology date back
to ancient Egypt, around 3500 BCE, where a
physician is recorded to have “healed the king’s
nostrils” [1]. The first significant advancements
in the field of otorhinolaryngology occurred in
the 18th century, driven by an increasing under-
standing of anatomy, physiology, and pathology.
Archaeological and textual sources examined by
Bliquez indicate that specialized instruments
and techniques for surgical procedures on the
head and neck, such as cranial trepanation, al-
ready existed in Greco-Roman antiquity, and
certain elements of these practices persisted into
early medieval medical traditions [2]. The first
surgical intervention in the field of ear, nose,
and throat (ENT) was the catheterization of the
Eustachian tube in 1724, followed shortly by the
first attempts at mastoidectomy. Early in the
19th century, the first laryngoscopy was docu-
mented. The first university clinics specializing
in otology and laryngology were established in
Vienna in the year 1873 [3, 4]. With the merg-
ing of otology and rhinology in the early 20th
century, the specialty of otorhinolaryngology
was formed, giving rise to the medical branch
as we know it today [3].

The development of Serbian otorhinolaryn-
gology kept pace with European advancements,

thanks to Dr. Jovan Jovanovi¢ Zmaj (1833-
1904) [5], who, in addition to being a renowned
writer, was one of the founders of otorhinolar-
yngology in Serbia. According to an advertise-
ment first published in the newspaper “Zastava”
on November 25, 1870, Dr. Jovan Jovanovic¢
Zmaj offered medical assistance, particularly
for treating throat and larynx conditions, and
promoted laryngoscopy, which he performed
using a small mirror (Figure 1) [6]. Even to-
day, indirect laryngoscopy remains a standard
part of ENT examinations, performed using a
small mirror. In the same period, Dr. Vladan
DPordevi¢, who worked in the Principality of
Serbia from 1871, applied laryngoscopy and
rhinoscopy in his private practice and at the
Military Hospital in Belgrade. By the end of
1872, he performed several ENT and maxillo-
facial surgeries, including nasal polyp removal,
tonsillotomies, and excision of maxillary os-
teosarcoma and lower lip carcinoma. He also
treated otitis, tympanic membrane perfora-
tion, deafness, congenital cleft lips, and laryn-
gospasm with valerian tincture. In his notes,
he described a rare case of curing esophageal
stricture using bougies after nitric acid inges-
tion. Among major procedures, he highlighted
the removal of cervical lymph nodes and neck
phlegmon drainage [7].
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Figure 1. Advertisement of Dr. Jovan Jova-
novi¢ Zmaj for medical practice after com-
pleting his medical studies; source: [6]

£
:

sl
it
H

T
i

]
i

DEVELOPMENT OF CLINIC FOR
OTORHINOLARYNGOLOGY AND MAXILLOFACIAL
SURGERY AT THE UNIVERSITY CLINICAL CENTER OF
SERBIA

The first department for ear and throat diseases was opened
in 1896 at the General State Hospital in Belgrade, which
was established in 1881 and initially located at the site of
the former Municipal Hospital in the Palilula district. The
first generation of students enrolled in the ninth semester
of the fifth year of studies in 1924 also attended courses in
otorhinolaryngology. Following the decision made by the
Faculty of Medicine in May 1924 to initiate teaching in the
subject of otorhinolaryngology, work began on forming
the corresponding clinic. The Clinic for ENT began op-
erating shortly after the first lectures in otorhinolaryngol-
ogy were held at the Faculty of Medicine, and by the end
of December 1924, a substantial budget was approved for
acquiring professional literature. The clinic was located on
the premises of the Department of Ear, Nose, and Throat
Diseases of the General State Hospital, 31 Vidinska Street
- now George Washington Street — where the Serbian
Medical Society is headquartered today (Figure 2).

The clinic had a lecture hall, a library, an outpatient
unit, a waiting room, two patient rooms, and other aux-
iliary facilities. Due to the limited space available for
teaching, professional, and scientific work, in 1927 a pre-
fabricated wooden barrack with supporting walls, central
heating, and a total of fourteen rooms was erected in the
courtyard of the General State Hospital [8, 9]. Initially, the
department had a capacity of 25 hospital beds, which was
expanded to 35 beds by 1938 [10].

‘ DOI: https://doi.org/10.2298/SARH240912097C

Figure 2. Current appearance of the building of the Serbian Medical Society, formerly the General State
Hospital, at 19 George Washington Street; source: Korugi¢ A, 2024, personal archive

During the early years, over 400 surgeries were per-
formed, including adenoidectomy, tonsillectomy, maxillary
sinus surgery by Caldwell-Luc, nasal septum resection,
radical mastoidectomy, antrotomy, juvenile fibroma sur-
gery, and laryngofissure. By 1928, all classical ear surgeries
were being performed, including surgeries for treatment
of intracranial complications, surgeries of the paranasal
sinuses, and some endonasal and endolaryngeal surgeries.
Subsequently, neck surgery began to develop, with laryn-
gectomies being performed, and in ear surgery, labyrin-
thectomies were carried out. Endoscopy also started to
develop, but at that time, bronchoscopy and esophagoscopy
were performed exclusively for the extraction of foreign
bodies from the esophagus and lower respiratory tracts
[8,10].

In 1947, the Clinic moved to a building on ViSegradska
Street, expanding its capacity to 100 beds. The same year,
the General State Hospital, the Clinical Hospital of the
Faculty of Medicine, and the Infectious Diseases Hospital
(now the Infectious Diseases Clinic) in Belgrade were
merged as part of the creation of a unified clinical-hospi-
tal center during the post-World War II modernization of
Serbia’s healthcare system. This process was significantly
accelerated after 1947 when various hospital functions
were consolidated to improve the efficiency of medical
services and the organization of medical education and
research. Further expansion in 1955, including a pavil-
ion previously used as a Midwifery School, increased the
number of beds to 106, along with the modernization of
operating rooms, increased endoscopic capabilities, and
improvements to the outpatient units, pediatric depart-
ment, library, and student exercise facilities [10].
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Figure 3. The current building of the Clinic for Otorhinolaryngology and Maxillofacial
Surgery on Pasterova Street; source: Arsovi¢ K, 2024, personal archive

After the formation of the Clinical Center, the Clinic re-
located in 1983 from ViSegradska Street to Pasterova Street,
into the former building of the Otorhinolaryngology Clinic
of the Military Hospital, which had been established in
the year 1957 (Figure 3) [11, 12]. The outpatient section
of the Clinic moved to a building on Deligradska Street,
dating back to the Balkan Wars (built for the barracks of
the Seventeenth Military Regiment), where the Military
Academy was previously located until it was relocated to
Banjica, leaving the Military Hospital behind [13]. At the
time of its construction (1904-1909), this complex received
high praise from domestic and foreign experts and was
considered the most modern hospital in the Balkans. The
building is now protected as a cultural heritage site bythe
city of Belgrade [12].

The integration with the Rehabilitation Center of the
Deaf Union of Yugoslavia in 1985 marked a step towards
the formation of the Institute for Otorhinolaryngology
and Macxillofacial Surgery of the Clinical Center of Serbia,
which occurred in 1992.

IMPORTANT FIGURES

The first doctor to specialize in ear diseases in Serbia
was Dr. Sigmund-Dragoljub Sraga (1866-1915), who
was appointed as a medical assistant for ear diseases at
the General State Hospital by the end of 1894. In 1896
he founded the Department for Ear and Throat Diseases
at the General State Hospital and led it until 1906. The
department was then headed by Dr. Milan Stefanovi¢
(1906-1912) and Dr. Ljubisa Vulovi¢ (1912-1924). After
the department was reactivated following World War I, the
Clinic for Ear, Nose, and Throat Diseases was established
in 1924. Professor Dr. Ljubi$a Vulovi¢ (1924-1945) was ap-
pointed as its part-time director after being elected as a lec-
turer at the Medical Faculty, thus continuing his leadership.
Professor Vulovi¢ was the teacher of the first generations of
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Serbian otorhinolaryngologists, who laid
the foundations of otorhinolaryngology
in Serbia by establishing departments in
Nis, Kragujevac, Novi Sad, and other cit-
ies [14, 15].

After World War I, there were very few
otorhinolaryngologists left in Serbia, so
by 1926, there were only 12 otorhino-
laryngologists working in Serbia: Prof.
Dr. Ljubisa Vulovi¢, Dr. Bukus Alkalaj,
Dr. Petar Zdravkovi¢, Dr. Sergej Popov,
Dr. Nega Radoji¢i¢, Dr. Dobrivoje-Cira
Maksimovi¢, Dr. Poka Borisavljevi¢, Dr.
Isidor Vaskler, Dr. Pavle Abelcberg, Dr.
Herc Kinstler, Dr. Josif Valdi¢, and Dr.
Dorde Mitrovié [14].

Upon the retirement of Professor
Vulovi¢ in 1945, Professor Milan
Foti¢ was appointed director. In 1939,
Professor Foti¢ performed the first total
laryngectomy in Serbia [14]. In 1948, he
founded the Otorhinolaryngology Section of the Serbian
Medical Society [16]. He was unjustly retired in 1953 for
political reasons, along with a group of professors from the
Faculty of Medicine in Belgrade [14]. The development of
the clinic continued through the generations. Professor Dr.
Srecko Podvinec took over the leadership of the clinic in
1954, marking the beginning of its more intensive develop-
ment. In 1963, the audiology, phoniatrics, and allergology
departments were established [10].

From 1969 to 1978, the clinic was directed by Professor
Dr. Dragoslav Savi¢, who received the Serbian Medical
Society Award for scientific research and was also awarded
the Order of Merit for the People. After him, the clinic was
led by Professor Dr. Caslav Dokovié¢ from 1979 to 1983.

Professor Dr. Borivoje Krejovi¢ was the head of the
Institute for ENT and MFS from 1983 to 2000, the first
to promote functional reconstructive surgery for laryn-
geal cancers. After Professor Krejovi¢ retired in 2000, the
Institute was led by Professor Dr. Gojko Stojici¢. Professor
Dr. Vojko Duki¢ managed the Institute for ENT and MFS
from 2001 to 2013. The designation “Institute for ENT and
MEFS” was used until 2009, when it became the Clinic for
Otorhinolaryngology and Maxillofacial Surgery.

Since 2013, the Clinic for ENT and MEFS has been led
by Professor Dr. Nenad Arsovi¢, who continues to hold
this position today [17].

STRUCTURE OF THE CLINIC

The Clinic for ENT and MFS is currently located in three
buildings, and it employs 166 people. The main building,
with four floors, contains six inpatient departments with
115 beds and six operating rooms.

The Endoscopy Department, with a day hospital,
conducts laryngomicroscopic diagnostics and micro-
surgical endoscopic treatment of benign conditions and
early malignant tumors of the larynx, esophagoscopy,
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tracheobronchoscopy, removal of foreign bodies from the
esophagus and lower airways, and laser interventions. The
department is equipped with a modern microscope, laser,
rigid endoscope, and flexible nasopharyngolaryngoscope.

The Pediatric Department, with intensive care, provides
diagnosis and treatment of congenital anomalies, injuries,
foreign bodies, inflammations, tumors, and other ENT
and MEFS conditions. The most common surgeries per-
formed in pediatric patients are tonsillectomy, adenoidec-
tomy, and the implantation of ventilation tubes in the ear.
Esophagoscopy, tracheobronchoscopy, endoscopic sinus
surgery, cochlear implantation, and surgical treatment of
congenital anomalies are also performed.

The Intensive Care Department treats patients requiring
constant medical supervision, continuous monitoring of
vital parameters, and artificial ventilation. The department
has 12 intensive care beds (level III) and six semi-intensive
care beds.

The operating block consists of four operating rooms
equipped with two surgical microscopes and a modern
endoscopic surgery system. The rooms are equipped with
a state-of-the-art navigation system for endoscopic sinus
surgery as well as neuromonitoring equipment. The block
also includes the Department of Anesthesiology, which
is part of the Center for Anesthesiology at the University
Clinical Center of Serbia (UKCS).

The Rhinology Department deals with congenital
anomalies of the nose and septum, injuries and bleed-
ing from the nose, nasal tumors, inflammations of the
nose and paranasal sinuses, inflammations and tumors
of the pharynx, and congenital anomalies, injuries, and
inflammations of the larynx. The most frequently per-
formed procedures include septoplasty, septorhinoplasty,
conchoplasty, endoscopic and open sinus surgery, semi-
amputations, and nasal amputations. The department has
a total of 22 beds.

The Otology Department deals with congenital anoma-
lies of the ear, injuries and inflammations of the external,
middle, and inner ear, facial nerve function disorders,
balance center disorders, and dizziness, as well as tumors
of the external, middle, and inner ear. The surgeries per-
formed include otoplasty, myringoplasty, tympanoplasty,
mastoidectomy, middle ear exploration, ossiculoplasty,
facial nerve decompression, stapedotomy, petrosecto-
my, cochlear implantation, as well as excision of ear tu-
mors, semi-amputations, and auricular amputations. The
Otology Department has 14 semi-intensive care beds and
six general care beds.

The Maxillofacial Surgery Department deals with con-
genital anomalies and developmental deformities of the
face and facial skeleton, injuries of the soft tissues of the
face, oral cavity, and facial bones and jaws, inflammations
of the soft tissues of the face, oral cavity, salivary glands,
and dentogenic infections (abscesses and neck phlegmons).
It also deals with surgical treatment of skin tumors of the
face, oral cavity, salivary glands, facial bones and jaws, plas-
tic and reconstructive surgery of the soft tissues and bones
of the face, temporomandibular joint diseases, trigeminal
neuralgia, and facial cosmetic surgery. The Maxillofacial
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Surgery Department has a total of 12 semi-intensive care
beds.

The Oncology and Laryngology Department specializes
in the diagnosis and therapy of benign and malignant tu-
mors of the larynx, palliative care, and the treatment of on-
cological patients in the ENT region. The most frequently
performed surgical procedures include tracheotomy, cor-
dectomy, partial and total laryngectomies, neck dissections,
lymph node extirpations, drainage of neck phlegmons and
abscesses, and surgeries for tumors of the parapharyngeal
space and congenital anomalies. The department has 20
semi-intensive care beds.

The clinic also has an emergency department that oper-
ates 24/7 to handle urgent ENT cases.

In the Polyclinic building, there are outpatient units
for adults and children, an operating room for outpatient
surgery, sections for audiovestibulology, phoniatrics, and
rhinoallergology, a student exercise room, and an oncology
consultation room. The third building is located at Slavija,
housing the Center for Rehabilitation of Children with
Hearing Impairments.

The Rhinoallergology Section specializes in the diag-
nosis and therapy of rhinological and immune-allergic
pathological conditions of the upper respiratory tract
and related regions. The Phoniatrics Section deals with
the diagnosis, prevention, and treatment of all disorders
of the spoken, sung, and professional voice, as well as all
articulation disorders.

The Audiology and Vestibulology Section specializes
in the diagnosis and treatment of all hearing and balance
disorders. The Audiological Rehabilitation Section pro-
vides early rehabilitation for children with severe hearing
impairments to facilitate hearing and speech rehabilitation
and reduce psychomotor issues.

In 1954, Professor Srecko Podvinec and Professor
Vladeta Popovi¢ founded the Tumor Council for Malignant
Tumors of the Head and Neck, which is also the oldest
council at the Faculty of Medicine. The council is still
active today, comprising a multidisciplinary team of oto-
rhinolaryngologists, maxillofacial surgeons, radiologists,
oncologists, and pathologists.

Currently, the Clinic employs 24 ENT specialists, four
macxillofacial surgery specialists, and one internal medicine
specialist. As of August 2024, the Clinic also employs seven
doctors specializing in otorhinolaryngology and maxillo-
facial surgery, and two clinical physicians. There are a total
of 101 nurses and technicians, 73 with secondary education
and 28 with higher education. Additionally, 12 healthcare
associates and 16 non-medical workers are employed. The
Clinic for ENT and MFS serves as a teaching base for the
Department of Otorhinolaryngology and Maxillofacial
Surgery, with three full professors, five associate profes-
sors, four assistant professors, and four clinical assistants.
As part of the Program for Employment of the Most
Successful Graduates of Medical Faculties and Secondary
Medical Schools, sponsored by the Ministry of Health, the
Clinic has employed the best students of the Faculty of
Medicine in Belgrade since 2018. Through this program,
10 doctors have been employed at the Clinic to date [18].
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Table 1. Report on the work of the Clinic for Otorhinolaryngology and Maxil-
lofacial Surgery at the University Clinical Center of Serbia for the years 2013,

2018, 2022, and 2023

of Serbia over four years as an illustration of the
Clinic’s capacity.

E—— 0 | soie | s | sE During the COVID-19 epidemic in Serbia from
Number of hospitalized patients 2887 | 3320 | 2014 | 3316 | 2020 102023, the doctors and nurses of the Clinic
Number of beds 115 | 115 | 115 | 115 for ENT and MFS were assigned to work in COVID
Number of hospital days 24,265 | 28,034 | 19,250 | 21,041 d.epar'tments .Wl'thm the UKCS an.d the CO'VID hos-
Average length of stay (days) 8.4 8.4 65 63 pital in Batajnica after its opening. During those
Average bed occupancy (%) 58 67 52 57 years, the Clinic operated in accordance with the
Number of outpatient examinations 60,459 | 64,663 | 60,302 | 69,167 de;cisions of the Ministry of Health, treating patie.nts
Number of examinations per specialist | 1840 | 2155 | 2412 | 2766 with ENT and MFS pathology who were not in-
Number of surgeries 3341 | 4876 | 3664 | 3948 fected with the SARS-CoV-2 virus.

Number of surgeries per specialist 104 162 146 158

CONCLUSION

The Clinic’s development strategy focuses on im-
proving the current state through capacity expan-
sion, equipment modernization, and quality service
improvement. Through clearly defined goals that
include space optimization, procurement of the
most modern equipment, and implementation of
enhanced procedures, we plan to achieve significant
progress. The primary strategic goals are improv-
ing work quality parameters, patient satisfaction,
staff motivation and education, the introduction of
new technologies, and infrastructure development

Figure 4. Reconstruction plan for the Clinic for Otorhinolaryngology and Maxil-
lofacial Surgery at the University Clinical Center of Serbia; source: [19]

Based on Article 199 of the Law on Healthcare Protec-
tion and Article 18 of the Rulebook on Accreditation of
Healthcare Institutions, Other Legal Entities, and Private
Practice, a decision was made in December 2019 to ac-
credit the Clinic for ENT and MFS at the UKCS for a pe-
riod of seven years [14].

Table 1 presents statistical data on the work of the
Clinic for ENT and MFS at the University Clinical Center
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Cro roguHa KnuHuKe 3a OTOPMHONAPUHIONOTU]Y M MaKcunodauujanHy Xupyprujy
YHMBEp3UTETCKOT KAMHUYKOT LeHTpa Cpbuje (1924-2024)

JbusbaHa Ysoposuh'? CumoHa PaHhenosuh?, Anekca Kopyruh?, Hega MnageHoBuh?, KoHcTaHTUH ApcoBuh?,

Henap ApcoBuh'?

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

2YHNBEP3UTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuKa 3a oTopuHonapuHronorujy u Makcunodauwmjanty xupyprujy, beorpag, Cpbuja

CAXETAK

KnuHrka 3a OTOpMHONAPUHIoNorujy 1 MakcunodaumjanHy
XUpyprujy YHUBEP3UTETCKOT KNMHUYKOT LieHTpa Cpbuje obe-
nexasa cBojy 100. rognwwmumuy 2024. roguHe. OcHoBaHa 1924.
roavnHe, KnuHuKa je 3HayajHoO JonpuHena pa3Bojy OTOPUHO-
napuHronoruje y Cpbuju, npatehu eBponcke TpeHAOBE 1 Ha-
npepak. bbeHn kopenu cexxy fo gp JoaHa JoBaHoBrha 3Maja
nouetkom 1870. roguHe, Koju je 6110 NMMOHUP OTOPUHONAPUH-
ronioruje y 3emsby, 1 ap BnagaHa hophesuha og 1871. roguHe.
O60juua cy 6vnv NMOHNPU NapuHrockonuje, jeaaH y Hosom
Capy, opyrv y beorpagy. KniHuka je npo6utHo paguna y On-
LITOj Ap>KaBHOj 6onHMuM y beorpagy, npe Hero LWTo ce BuiLle
nyTa npoLvpuBana u npecesbasana. TOKOM CBOT NOCTOjatba
KOHCTaHTHO je HanpefoBana, yBoaehu HajcaBpemeHuje npo-

DOI: https://doi.org/10.2298/SARH240912097C

Liepype 1 TexHonoruje, ykibydyjyhu eHgockoncke npoteaype,
neanjaTpujcKy Hery 1 HanpeaHe onepauuje rnase v BpaTa.
[anac pacnonaxe ca 115 KpeBeTa, LWecT onepauroHmnx cana
U creyunjan3oBaHM ofierberbrMa, npyxajyhn ceeobyxsaTHy
Hery y 06n1acTv oToprHONapyHronoruje 1 MakcunodauvjanHe
xupypruje. C jakum GpoKycom Ha 06pa3oBarbe, KnHnka obyya-
Ba bygyhe MeguUUHCKe CTpyYHake U HacTaB/ba Aa NPeABoam
VHOBaLWje y OTOPUHONAPVIHIONOTMjU 1 MakcunodaLmjanHoj
XUpypruju. FbeHu cTpaTeLlky LsbeBm YKIbydyjy MoaepHu3aLujy
onpeme 1 NpoLUMpe-e KanaumTteTa, ca Lbem Aa 3afp»iu CBojy
Bozehy no3uuujy y oBoj obnactu.

KrmbyuHe peun: 0ToprHONapUHIonoruja; MakcunodatmjanHa
XMpPYpPruja; Cpncka oTOPUHONAPUHIONOrja; MHOBaLWje; MO-
JepHu3aLyja; 0bpasoBatbe

Srp Arh Celok Lek. 2025 Jan-Feb;153(1-2):107-112
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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 ITPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cloBa U 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amnp. *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, OFHOCHO 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 eTHUKOT 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 JOTIPMHOCY 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. CBU APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKomuca, 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). PamoBu Koz Kojux ce goKake IUTarujapusam/
ayrortarujapusam 6uhe ofoujenn, a ayTopu CaHKLIMO-
HICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniu pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IPEJUIOT KPaTKOT HAac/lIoBa pajia, IiyHa IMeHa Vi ITpe3yiMeHa
ayTopa (6e3 TuTYyNIa) MHAEKCHpaHa OpojeBUMa; 3BaHNYAH
Ha3)B YCTaHOBA y KOjUMa ayTOPM pajie, MECTO M ip>KaBy
(pemocnenoM Koju ofiroBapa MHAEKCHpPaHUM 6pojeBrMa
ayTopa); Ha JHY CTpaHNIIe HABECTU UMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3aJy>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 pedn Tpeba ma 6ymy
peeBaHTHe WU ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLM JOKYMeHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo 1 fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefly — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ Kby4HUM peunma (3-6), 1 TO
3a pajioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMOBa 13 cTpaHe IUTepaType Tpeba ga
Oyzie y ByXy cpICKOr jesuka. CBe CTpaHe peyuy MIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y 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).
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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, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PAJTY YTAHKA. Jla 6u pax 610 pasmaTpaH 3a 06jaBrbu-
Bambe y yaconucy Cpilcku apxue 3a yenoKyiHo nekapciiso,
CBM ayTOPM KOjM CY JIeKapy My croMatonosn ns Cpouje
Mopajy 6utu yraHoBy CpIICKOT IeKapcKoT ApymITBa (y
ckmapy ca wiaHoM 9. CraryTa [IpymTsa) u MSMUPUTH
HaKHajy 3a oOpajny wiaHaka (Article Processing Charge)
y usHocy of; 3000 fuHapa. AyTopu U KOayTOpy U3 UHO-
CTpaHCTBa Cy y 06aBe3) fa IIaTe HaKHaay 3a obpamy
unaHaka (Article Processing Charge) y usHocy of 35 eBpa.
YmiaTa y jenHoj KaleHapCcKoj TOLMHN 00yXBaTa I CBe
HapeJHe, €BEHTYya/THe YIaHKe, T0C/IaTe Ha pasMaTpambe y

T0j ropuun. CBM ayTOpU KOjI IIaTe OBY HAKHAJY MOTY,
YKOJIUKO TO XeJIe, fja IPUMajy LITaMIIaHO U3fjalbe Yaco-
mica. Tpeba HaIOMeHY T [a OBa yIlIaTa Huje rapaHiuja
na he pay 6urtu npuxsahen u o6jaBmwen y Cpiickom apxu-
8y 3a yenokyiino nexapcinéo. Obasesa mrahamwa HakHaze
3a 06pajy WIaHKa He OFHOCH Ce Ha CTy[eHTe OCHOBHMX
CTy[Mja 11 Ha MpeTIUIATHVKE Ha YaCOIINC.

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
Paji IOCTaBIbajy ce MCKIbYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YacOMMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ncnymaBa ycloBe OBOT YIIYT-
cTBa He MOXKe 6utu yyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoMyHe 1 ucnpase. [IpnpkaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y 4acoIcy,
mTo he MO3UTUBHO YyTULIATH Ha KBAaINTET WIaHAKa U pe-
TOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe fomaTHe MHpOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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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.
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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
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be typed in a separate paragraph using boldface. The most
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the manuscript should include: title of the paper in the
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