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The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT

the Journal of the Serbian Medical Society founded in 1872, and with first
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associations of medical and related fields. The journal publishes the following
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news, In memoriam and other articles.
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may not be offered or be under consideration for publication elsewhere. Articles
must not have been published elsewhere (in part or in full).

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

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

The articles are printed in the English language with an abstract both in
English and Serbian, or in the Serbian language, Cyrillic alphabet, with an ab-
stract in Serbian and English.

Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
and does not necessarily reflect opinions of the Serbian Medical Society. Because
of rapid advances in the medical sciences, users should independently evaluate
information before using or relying on it. Serbian Medical Society, the Editor
or Editorial Board of the Serbian Archives of Medicine do not accept any re-
sponsibility for the statements in the articles. Advertising material is expected
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SUMMARY

Introduction/Objective Upper air dimensions are associated with morphological facial features. The
objective of study is to test the hypothesis that the sagittal size of the upper respiratory pathways in
children aged 8-12 years with hyperdivergent class Il/T malocclusion is smaller compared to the general
population of the same age. This may be associated with an increased risk of developing obstructive
sleep apnea syndrome in these individuals later in life.

Methods Using profile teleradiograms of 31 children average age being 9.02 + 1 years with hyperdiver-
gent class II/1 malocclusion, sagittal dimensions of the pharyngeal respiratory pathway at the levels of
naso-, oro-, and hypopharynx were measured. These dimensions were compared with measurements
from 35 children with an average age of 8.97 + 0.6 years with other types of malocclusions.

Results Statistically significant smaller sagittal dimensions of the upper respiratory pathways were found
in children with hyperdivergent class Il/1 malocclusion compared to the general population of the same
age at all three measured levels.

Conclusion The hypothesis was confirmed that in children with hyperdivergent class I1/1 malocclusion,
the dimensions of the pharyngeal respiratory pathways are significantly smaller compared to the general
population of the same age. The width of the oropharynx contributes most to this difference, followed

Received « MpummeHo:
November 16, 2023

Revised « PeBusnja:

May 21, 2024

Accepted - NMpuxeaheHo:
July 2,2024

Online first: July 4, 2024

Correspondence to:

Stojan IVIC

Dentistry Clinic of Vojvodina
Hajduk Veljkova 12

21000 Novi Sad, Serbia
stojan.ivic@mf.uns.ac.rs

by the width of the nasopharynx, with the least contribution from the hypopharynx.
Keywords: upper airway size; pharynx; distal occlusion; malocclusion

INTRODUCTION

The pharynx represents the intersection of the
aerodigestive tracts. Diverse morphological
types and their corresponding growth patterns
can be identified within the pharynx, similar
to the face. The posterior cranial base occu-
pies a diagonal position within the cranium
and constitutes the posterior wall of the bony
nasopharynx. Consequently, its growth will
influence the pharynx’s horizontal and vertical
dimensions [1]. Individuals with dolichocephalic
growth patterns are commonly associated with
an inclination to develop a more acute cranial
base angle and posterior position of the tongue,
thus reducing sagittal dimensions of the upper
respiratory tracts [2, 3].

In nasal-breathing participants the sagittal
breadth of the nasopharynx appears to be largely
independent of anterior dentofacial dimensions
[1]. Higher correlations found in mouth breath-
ers suggest that limited patency of the upper
airways has physiological implications linked
to changes in dentofacial morphology [4, 5].

Factors contributing to the narrowing of the
upper airways are believed to be both reduced
pharyngeal muscle tone and unfavorable ana-
tomical relations in the pharynx and surrounding
structures, as airway constrictions [6].

El and Palomo’s [7] three-dimensional analy-
sis of pharyngeal airways finds a significantly
narrower oropharyngeal airway in class II par-
ticipants compared to those in classes I and III.
A more constricted nasopharyngeal passage
is observed in class II participants relative to
those in class I [7, 8]. All authors concur that
pharyngeal dimensions are diminished in class
II skeletal patterns, irrespective of the patient’s
position during examination (upright or su-
pine) and regardless of the imaging technique
employed [6, 9, 10].

In examination of the regions of the upper
respiratory tract susceptible to collapse based on
craniofacial morphology, Alhammadi et al. [11]
build on established views that retrognathism,
micrognathism, and elongated face, along with
a shortened length and angle of the anterior
cranial base, increased ANB angle, influence
pharyngeal airway constrictions. Nevertheless,
they contend that constriction sites depend on
specific craniofacial morphology parameters or
their combinations, and that multi-site collapses
are not uncommon [11, 12].

In Caucasian individuals with narrowed up-
per respiratory tracts, a retrognathic face is
observed. The maxilla and an underdeveloped
mandible are retrusive, anterior facial height is
increased, occlusal and mandibular plane angles
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are augmented, upper and lower molars are hypererupted,
incisors proclined, and incisal overbite reduced [13, 14].

Vucini¢ et al. [15], analyzing morphological features
of the upper jaw in mouth-breathing children, identified
peculiarities that also exist in individuals with manifesting
obstructive sleep apnea syndrome (OSA), such as narrow
maxilla, underdeveloped apical bases, and a reduced incli-
nation of the upper jaw plane to the anterior cranial base.
OSA represents a broad spectrum of disorders primarily
manifested by snoring, witnessed apnea, and daytime sleepi-
ness [16]. This underscores the need for early detection of
factors that can contribute to morphofunctional narrowing
of the airways to potentially influence them during growth
[17]. Tangugsorn and colleagues recommend lateral cepha-
logram analysis in assessing areas of pharyngeal airway
constriction [18].

This study aims to ascertain the dimensions of orofacial
structures in the upper respiratory tract region during
growth and development, and potential deviations which, in
later life stages, could contribute to respiratory disturbances
and OSA. Furthermore, it aims to assess opportunities for
early intervention using functional orthodontics.

Research hypothesis: the upper respiratory tracts are
significantly narrower in at least one sagittal dimension in
children with hyperdivergent skeletal class II/1 compared
to children with normative skeletal relationships or the
remainder of the population.

METHODS

The study was conducted at the Department of Orthodontics,
Clinic of Dentistry of Vojvodina, involving 66 children. They
were divided into two primary groups based on facial mor-
phology. The research entailed examining and comparing
the sagittal dimensions of the upper respiratory pathways in
children with a distal position of the lower jaw and children
without this malocclusion from the general population.

Selection of participants

The subjects were children aged 8-12 years with a retrogna-
thic face of class II and protrusion and proclination of the
upper incisors (class II/1). This was routinely determined
for each patient through the analysis of lateral cephalometric
radiographs as part of the diagnostic methods employed
to determine the type and severity of stomatognathic de-
velopment disorders.

Only those participants whose parents gave informed
consent were included in the study. Given that a narrow
upper respiratory pathway is associated with an increased
vertical dimension of the lower part of the face, an addi-
tional criterion for patient selection was vertical growth
of orofacial structures (Bjork polygon greater than 396°
and Jaraback index less than 62%). From the patient da-
tabase of the Department of Orthodontics, 31 patients
with characteristics corresponding to the research topic
were identified, who were either undergoing or about to
undergo treatment with functional devices.
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The experimental group consisted of 16 girls (51.61%)
and 15 boys (48.39%), with an average age of 9.02 + 1 years
(range 8-11.3 years).

The control group, consisted of 35 children with an
average age similar to the experimental sample (8.97 + 0.6
years). They were randomly selected among patients of the
Department of Orthodontics at the Clinic of Dentistry of
Vojvodina to closely represent the cranio-facio-cervical
morphological characteristics of the general population
of the corresponding age and growth stage.

Patients with facial morphology matching the experi-
mental group could not be part of the control group.

Exclusion criteria for both groups included reduced
airway patency due to hypertrophic adenoid vegetation,
cleft lip and palate, hypo- and hyperdontia, severe con-
genital syndromes like Pierre Robin, Crouzon, Apert, and
Treacher Collins syndromes.

Methodology

The study utilized cephalometric radiographic examina-
tion of patient profile images, employing standard analyses
developed for orthodontic diagnostics, supplemented by
measurements of upper respiratory pathways.

Lateral cephalometric radiographs were taken at the
Radiology Department of the Clinic of Dentistry of
Vojvodina using the standard technique under uniform
conditions on the Orthophos XG5 device (Sirona Dental
GmbH, Wals bei Salzburg, Austria). Analyses of the ob-
tained cephalometric radiographs were performed us-
ing the OnyxCeph software (Image Instruments GmbH,
Chemnitz, Germany). Data were entered into tables adapted
to the research topic using MS Office Excel 2007 software
(Microsoft Corporation, Redmond, WA, USA).

In addition to standard cephalometric parameters —
angles of maxillary prognathism (SNA), mandibular prog-
nathism (SNB), and the angle of skeletal jaw relationship
in the sagittal dimension (ANB) - the dimensions of the
upper respiratory pathways were determined.

Sagittal diameter dimensions of the upper respiratory
pathways were determined by measuring the following
distances:

1. Distance between the posterior nasal spine and the
intersection point of the line from the posterior nasal
spine to the basion with the posterior pharyngeal wall,
representing the width of the nasopharynx.

2. Distance between the uvula’s tip and the nearest point
on the pharyngeal posterior wall, representing the
width of the oropharynx.

3. Distance between the vallecula and the nearest point
on the pharyngeal posterior wall, representing the
width of the hypopharynx (adopted from Tangugsorn
etal. [17]) (Figure 1).

Reliability
Duplicate measurements were undertaken for all variables.
These measurements were taken two weeks apart by the

same examiner on a random sample of 20 cephalograms.
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Figure 1. Sagittal diameter dimensions of the upper respiratory path-
ways

Systematic errors between the two measurements were
assessed using a paired t-test for p < 0.05. No significant
differences were identified for any hard or soft tissue vari-
ables between the two datasets. The error variance was
calculated according to Dahlberg’s formula.

Statistical methods

This paper presents descriptive parameters: mean, standard
deviation, minimum and maximum of all values, coefficient
of variation, confidence interval, and the Kolmogorov-
Smirnov test value.

Multivariate procedures MANOVA and discriminant
analysis were used. Univariate procedures applied included
ANOVA and the t-test.

The application of procedures that provide a contribu-
tion measure gives a new dimension to this research. By

Ivi¢ S. et al.

calculating the discrimination coefficient, we can identify
the features that determine the specificity of the subsamples
and the features that need to be excluded from further pro-
cessing, i.e., a reduction of the observed space is performed.
The representation of subsample homogeneity estimates,
the distance between them, and cluster analysis aim to
study the observed phenomenon thoroughly.

Data are presented in tabular form.

Research was approved by the Ethics Committee of the
Dental Clinic of Vojvodina (01-107/8-2012).

RESULTS

Basic characteristics of the sample (experimental
and control group)

The experimental group included 31 participants [16 girls
(51.61%) and 15 boys (48.39%)], with an average age of
9.02 £ 1 years (range 8-11.3 years).

In the experimental group, no sex-based differences
were observed in age (p = 0.1381), nor in the parameters
used as inclusion criteria: Bjork’s polygon (p = 0.1771),
the lower face index (p = 0.3423), and the size of the ANB
angle (p = 0.3790). Thus, participant data were processed
regardless of the sex.

The control group consisted of 35 patients [21 girls (60%)
and 14 boys (40%)], with an average age of 8.97 + 0.6 years
(range 8-9.9 years).

In the control group, no sex-based differences were
observed in age (p = 0.2148) or in the parameters used
as inclusion criteria: Bjork’s polygon (p = 0.7408), the
lower face index (p = 0.9132), and the size of the ANB
angle (p = 0.9426). Thus, participant data were processed
regardless of the sex.

Basic parameters of the upper respiratory pathway
dimensions relative to the groups

Central and dispersion parameters for the dimensions of
the upper airways of the experimental group of 31 partici-
pants and the control group of 35 participants are shown
in Table 1 and Table 2, respectively.

Table 1. Central and dispersion parameters for the dimensions of the upper airways, the experimental group of 31 participants.

Airway segments | Mean value Zte?/?:t?c:?\ Minimal value | Maximal value Covegii:it?g; i Confidence interval p

Nasopharynx 16.26 3.72 6 23 229 14.89 17.62 0.998
Oropharynx 8.19 23 3 13 28.08 7.35 9.04 0.884
Hypopharynx 12.03 3.01 6 18 24.98 10.93 13.14 0.976

Table 2. Central and dispersion parameters for the dimensions of the upper airways, the control group of 35 participants

Airway segments | Mean value 32/?;?;: Minimal value | Maximal value Co:aftliglt?g; e Confidence interval p

Nasopharynx 19.27 4.18 8.0 29 21.7 17.83 20.71 0.996
Oropharynx 10.33 2.03 6.5 15 19.68 9.63 11.03 0.933
Hypopharynx 13.97 3.27 6.0 24 23.43 12.85 15.1 0.195
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Differences between the experimental and control
groups concerning the dimensions of the upper
respiratory pathways

The test of the assertion if there is a significant difference
between participant groups concerning the dimensions of
the upper respiratory pathways was done. Group differences
are shown in Table 3, whereas individual differences are
shown in Table 4.

Table 3. Significance of differences between participant groups con-
cerning the dimensions of the upper airways (group differences)

Analysis n F p
MANOVA 3 | 9.085 0.000
Discriminative 3 9.085 0.000

F-value - the significance of the difference in variance between the means of
two samples

Table 4. Significance of differences between groups concerning the
dimensions of the upper airways (individual differences)

Airway segments F p Discriminant coefficient
Nasopharynx 9.453 | 0.003 0.176
Oropharynx 16.023 | 0.000 0.180
Hypopharynx 6.226 | 0.015 0.017

F-value - the significance of the difference in variance between the means of
samples

The discrimination coefficient suggests that the most sig-
nificant contribution to discrimination between participant
groups concerning the dimensions of the upper respiratory
pathways is, namely, the difference in the following:

1. oropharynx width (0.180),

2. nasopharynx width (0.176), and

3. hypopharynx width (0.017).

Characteristics and homogeneity of participant
groups concerning the dimensions of the upper
respiratory pathways

Based on previous considerations and sample analysis of 66
participants, in accordance with the applied methodology,
the next step in the research is determining the character-
istics and homogeneity of each participant group and the
distance between them.

The fact that p = 0.000 of the discriminant analysis
indicates there’s a clear boundary between participant
groups, i.e., it's possible to determine the characteristics
of each group concerning the dimensions of the upper
airways. Characteristics and homogeneity of participant
groups concerning the dimensions of the upper airways are
shown in Table 5, whereas distance (Mahalanobis) between
participant groups concerning the dimensions of the upper
respiratory pathways is shown in Table 6.

DISCUSSION
The average values of the sagittal diameter of the nasophar-
ynx in the experimental group (16.26 + 3.72 mm) and the

control group (19.27 + 4.18 mm), as well as the oropharynx
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Table 5. Characteristics and homogeneity of groups concerning the
dimensions of the upper airways

Characteristics Experimental (31) | Control (35) | Contribution (%)
Oropharynx smaller larger 48.257
Nasopharynx smaller larger 47.185
Hypopharynx smaller larger 4.558
SSHE 22/31 28/35

homogeneity (%) 70.97 80

SSHE - subsample homogeneity estimates (number of participants with
group characteristics compared to total number of group participants)

Table 6. Distance (Mahalanobis) between the groups concerning the
dimensions of the upper airways

Group Experimental Control
Experimental 0 1.31
Control 1.31 0

(8.19 + 2.3 mm and 10.33 + 2.03 mm, respectively) and
hypopharynx (12.03 + 3.01 mm and 13.97 + 3.27 mm,
respectively), were statistically compared.

The results of this study, based on the values of p = 0.000
(MANOVA analysis) and p = 0.000 (discriminant analy-
sis), indicate a difference and a clearly defined boundary
between the groups of participants.

The statistically determined p < 0.05 shows that there is
a significant difference between the groups of participants
in the width of the nasopharynx (0.003), the width of the
oropharynx (0.000), and the width of the hypopharynx
(0.015). This is consistent with previous studies by de
Oliveira et al. [14] on a sample of adolescents, as well as
Alhammadi et al. [11] on an adult sample.

Based on the previous results, it can be said that the
pharyngeal airways are statistically significantly narrower
at all three measured levels.

The values of the upper respiratory tract widths were
statistically significantly different, and there is a clearly
defined boundary between the experimental and control
groups if the diameters of the upper respiratory pathways
are viewed as a group of statistical features, i.e., collectively
approaching the diameters of the nasopharynx, oropharynx,
and hypopharynx.

The largest individual contribution to the difference
was found at the level of the oropharynx, followed by the
nasopharynx, and then the hypopharynx.

When viewed separately, the values of the widths of the
nasopharynx, oropharynx, and hypopharynx also show
a statistically significant difference and a clear boundary
between the experimental and the control group. With
the presence of a boundary, it is possible to determine the
characteristics of each group concerning the dimensions
of the upper respiratory pathways at the initial measure-
ment. The characteristic of each subsample group is most
defined by the width of the oropharynx because its con-
tribution to the characteristics is 48.26%, followed by the
width of the nasopharynx (47.18%), and the width of the
hypopharynx (4.56%).

Based on the measured values and their statistical pro-
cessing, it can be said for the experimental group that the
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dimensions of the upper respiratory pathways at all three
levels are smaller, while for the control group they are
larger at all three levels. The finding that the pharyngeal
respiratory pathways in retrognathic participants of class
II malocclusion are narrower compared to the respiratory
pathways in the general population is consistent with previ-
ous research referenced in this paper.

Similar findings were also observed by El and Palomo
[7] when measuring the volume of the upper respiratory
pathways in skeletal classes I, II, and III. There was a sig-
nificant difference in the size of the respiratory pathways
in class II, while in class III these differences were not
statistically significant [7].

In contrast, Lowe et al. [13] did not find significant
differences between people with obstructive sleep apnea,
during sleep, concerning the malocclusion class.

Pirila-Parkkinen et al. [19], in a sample of children with
an average age of 7.3 * 1.43 years, found that the greatest
narrowness is at the level of the nasopharynx. It should be
noted that Taylor et al. [20] found that at this age, there
has not yet been an involution of adenoid tissue that can
affect the apparent narrowing in that part.

For correct dimensions of the upper airways of children
with yet uncompleted growth, there is scant data, further
complicated by a large number of etiological factors that
can contribute to the occurrence of the narrowing, as well
as different places where the narrowing can occur. In their
research on the connection between facial morphology
growth and chronological age in preschool children with
obstructive sleep apnea, Kawashima et al. [21] indicate
that adenoid tissue begins to regress between the ages of
eight and 10.

Oh et al. [22], in a sample of 60 healthy children, found
that children with class IT have a more posterior orientation
and a smaller volume of pharyngeal airways than healthy
children with malocclusions of classes I and III. The key
factor in determining the shape of the pharyngeal respira-
tory pathway is its inclination and head position.

The homogeneity of the experimental group is 70.97%,
and that of the control group is 80%.

The characteristics of the experimental group are held
by 22 out of 31 participants, with a homogeneity of 70.97%
(expressed), and the characteristics of the control group are
present in 28 out of 35 participants, with a homogeneity
of 80% (expressed).

In addition to the inclination and size of the pharynx,
adjacent structures are related to the reduction of available
space for the accommodation of soft tissue structures of
the orofacial system, especially the tongue, due to the distal
position of the mandible and preventing its action on the
proper development of the jaws [14]. Vu¢ini¢ et al. [15]
found that narrowed pharyngeal dimensions are associ-
ated with the maxillary narrowness, underdevelopment
of the apical bases, and a reduced basal inclination to the
anterior cranial base.

By comparing the homogeneity of the experimental and
control groups, it can be said that these dimensions in the
general population are more homogeneous than in the
population with hyperdivergent malocclusion class II/1.

‘ DOI: https://doi.org/10.2298/SARH231116056I
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This again suggests the possibility that a combination of
various morphofunctional craniofacial features affects the
narrowness of the upper respiratory pathways at least at
one level, which is consistent with literary findings, both in
studies of the adult and child populations [4, 11, 19, 20, 21].

Another indicator of similarity or differences is ob-
tained by calculating the Mahalanobis distance between
the groups of participants. Distances of different spaces
can be compared. The distances from the table indicate
that the distance between the groups of participants of the
experimental group and the control group is greater, and
the existing difference is expressed.

In this study, special attention is paid to the impact of
inter-jaw relations in the sagittal and vertical dimension
(posterior relationship of the lower jaw structures with
hyperdivergence of the jaw bases) in children who have not
finished growing and can still be therapeutically affected.
This, in turn, affects the sagittal narrowness of the upper
respiratory pathways. To even consider the connection of
these phenomena, it is necessary to define a normal finding.

For skeletal inter-jaw relations, there is an accepted
classification of anteroposterior positions (skeletal classes
I, I1, and I1I), which is determined by analyzing a standard
cephalogram.

Skeletal class I is a disorder of craniofacial development
that is treated in children. Correction of morphological
abnormalities in children is corrected by properly direct-
ing growth, and normalizing the functions of the orofacial
muscles, which is achieved by using functional orthodontic
devices [23].

Good indicators of the position, both skeletal and soft tis-
sue cranio-cervico-facial structures, are the standard lateral
cephalogram, which has been routinely used for many years
in the diagnosis of dentofacial anomalies. Researchers like
Johal et al. [24], Bitar et al. [25], who examined the reliability
of this technique in examining the dimensions of the upper
airways, agree that it is competitive as it reveals the most
characteristics with the least costs, while Pirila-Parkkinen
et al. [26] believe that the precision of measurement with
a cephalogram is highest in the region of the nasopharynx
and retropalatinal area. However, cone beam computed
tomography is being used in computing the functional
space of the tongue and surrounding structures. Thus, Shi
et al. [27] found that adults with different OSA types have
similar anatomical balance and shape of their upper airway
in the supine position. Slowik et al. [28] note that OSA has
significant implications for cardiovascular health, mental
illness, quality of life, and driving safety.

Given the measured dimensions in the experimental
group, both with collectively smaller mean sizes and with
significantly smaller mean values for the nasopharynx,
oropharynx, and hypopharynx, the hypothesis of this study
has been confirmed.

In the adults with developed OSA syndrome, Degraeve
et al. [29] found that mandibular advancement devices
may be effective for OSA regardless of whether or not
the obstruction site is in the velopharynx or oropharynx.

This cross-sectional study is part of a larger longitu-
dinal study in which the effect of orthodontic treatment
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of hyperdivergent malocclusion of skeletal class II on the
dimensions of the upper respiratory pathways was observed.

CONCLUSION

The study showed that the experimental group’s upper
airways were statistically significantly smaller mean values
for the nasopharynx, oropharynx, and hypopharynx, thus
confirming the hypothesis of this study.

The measured sagittal dimensions of the upper respira-
tory pathways in children with hyperdivergent malocclu-
sion class II/1 are significantly smaller than in the general
population, at all three observed levels — at the level of the
nasopharynx, the level of the oropharynx, and the level of
the hypopharynx.

The findings indicate that the upper respiratory pathways
in children with hyperdivergent class II/1 are narrower than
in the rest of the population, with the greatest difference
contributed by narrowness at the level of the oropharynx,
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less at the level of the nasopharynx, with the smallest
contribution at the level of the hypopharynx.

The greater homogeneity of the general population by

the value of the widths of the upper respiratory pathways
compared to the experimental group indicates the existence
of a wide range of possibilities for the adverse effects of
morphofunctional disorders of the craniofacial system
on the dimensions of the pharyngeal part of the airways.
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CarutanHe guMeH3Mje ropbuxX AUCAjHMX NyTeBa KOA Aeue ca XunepauBepreHTHoOM

manokaysujom knace Il/1

CrojaH MBuh'? Mpeppar ByunHnh'2 Hophe MeTposuh'?, Hatawa Mywkap', lanujena Pagymuno'?, AHa Taguh'?,

CredaH Kynuh*

'Yrusep3utet y HoBom Cagy, MeguuunHcku dakyntet, Hosu Cag, Cpbuja;

*KnuHwka 3a ctomatonorujy BojsoguHe, Hosu Cag, Cpbuja;
*[lom 3apaemba,Hoeun Cag’, Hosu Cap, Cpbuja;

*YHIBEP3UTETCKM KNMHWYKM LieHTap BojBoauHe, KnuHuKa 3a yxo, rpno 1 Hoc, Hosu Cag, Cpbuja

CAXETAK

YBop/Lwmb [lnmeH3uje papuHreanHnx arncajHux nyTtesa ce fo-
Bofe Yy Be3y ca mopdonorujom nuua. Linm paga je ga ncnura
XMMnoTe3y Aa je carntanHa BeNnUmMHa ropkbux AncajHux nyTe-
Ba KOJ AeLe CTapocTy ocam Ao 12 roguHa ca Masioky3ujom
xunepameepreHTHe Knace |l/1 marba y nopehery ca onwTtom
nonynawmnjom UCTor y3pacra.

MeTope Ha npodunHum tenepagmorpammma 31 geterta cta-
poctn 9,02 £ 1 roarHa ca xvnepavBepreHTHOM MasioK/y3njom
knace |1/1 n3mepeHe cy carutanHe armeHsuje papuHreanHor
[VCajHOT MyTa Ha HUBOMMA HazopapuHKca, opodapuHKca u
xunodaprHkca n ynopeheHe ca armeH3njama n3mepeHumM Kog,
35 peue ctapoctu 8,97 + 0,6 rogmHa ca Apyrum obanyma mMa-
noknysuja.

DOI: https://doi.org/10.2298/SARH231116056I

Pesyntatm [poHaheHe cy CTaTUCTUYKIM 3HAYajHO yxKe caruTan-
He AVIMEH3Mje ropHUX ANCAjHIX MyTeBa KO feLle ca ManokKJy-
3njom xunepamBepreHTHe knace Il/1y nopehetby ca onwtom
nonynaLmnjom NCTOr y3pacTa, Ha CBa TPW MepeHa HKBoa.
3akibyyak [loTBpheHa je xnotesa Aa cy Kog AeLie ca Manokny-
3njom xunepavBepreHTHe Knace |1/1 gumeHsuje bapuHreanHmx
ANCajHYX NyTeBa 3HaYajHO Makbe y mopeherby ca OnLWTOM Mo-
nynauujom UcTor y3pacta. Hajsehu gonpuHoc pasnuuny gaje
LWMprHa opodapuHKCa, Cneau WpUHa Ha3odapuHKCa, ca Haj-
Mar 1M AOMPUHOCOM X1nodapuHKca.

KrmbyuHe peunt: BenmurHa ropkbux AncajHnx nytea; GapuHKe;
JMCTaHa OKy3Kja; Manoknysuja
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The effect of darbepoetin alfa on the glomerulus of
new-born mice with intrauterine growth restriction
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University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;
Institute for Child and Youth Health Care of Vojvodina, Novi Sad, Serbia

SUMMARY

Introduction/Objective Intrauterine growth restriction is a condition in which a fetus is not able to
achieve its genetic potential for growth. It has been linked with diseases of adulthood, such as hyperten-
sion, insulin-independent diabetes mellitus and dyslipidemia.

The objective of the study was to investigate whether the application of darbepoetin alfa during preg-
nancy and in first week of life affects the number or size of the kidney glomerulus of mice with intrauterine
growth restriction.

Methods We used animal model of intrauterine growth restriction. Darbepoetin alfa was administered
to the pups on the first and the seventh day of life (doses of 1 pg/kg, 4 ug/kg, and 10 pg/kg). Two of
seven groups represented the offspring of the mothers who received darbepoetin alfa during pregnancy.
Four weeks after birth, kidney samples were taken, and morphological and stereological analysis of the
glomeruli was performed.

Results Administration of darbepoetin alfa to newborn mice with intrauterine growth restriction led to
faster weight gain in the first seven days of life. Mice born with this restriction had reduced glomerular
surface and reduced cortical thickness. The application of darbepoetin alfa immediately after the birth
and on the seventh day of life (4 ug/kg and 10 pg/kg, respectively) led to glomerular hypertrophy and
increased thickness of the renal cortex. The application of darbepoetin alfa had no effect on the number
of glomeruli.

Conclusion The administration of darbepoetin alfa to mice with intrauterine growth restriction signifi-

cantly increases the surface area of the kidney glomeruli and cortical thickness.
Keywords: intrauterine growth restriction; darbepoetin alfa; kidney; glomerulus

INTRODUCTION

Intrauterine growth restriction (IUGR) is a
condition characterized by failure of a fetus
to achieve its genetic potential for growth [1].
TUGR is defined as a fetus, and then also as a
newborn, whose birth weight is below the 10th
percentile for its gestational age [1]. IUGR oc-
curs when delivery of gases and nutrients to the
fetus is not sufficient for adequate intrauterine
development [1]. It is known that IUGR is a
significant risk factor for type 2 diabetes, obe-
sity, hypertension, dyslipidemia, and insulin
resistance (metabolic syndrome) later in life,
which ultimately leads to the premature devel-
opment of cardiovascular disease [1, 2, 3]. The
hypothesis “The developmental origins of adult
disease” made by Barker et al. [4] states that
adverse effects in early development, especially
during intrauterine life, can lead to permanent
physiological and metabolic changes, resulting
in an increased risk of morbidity in adulthood.
Brenner et al. [5] hypothesized that the funda-
mental kidney abnormality leading to elevated
blood pressure is reduced filtration surface
area. This could be due to a decrease in the
number of kidney nephrons and/or a decrease
in renal filtration surface per nephron, which is

characteristic for kidneys of persons born with
IUGR. When the renal functional reserve due
to the reduced number of nephrons is greatly
decreased, glomeruli will reach the limit of
physiological compensatory hypertrophy and
pathological mechanisms will be initiated,
which can lead to hypertension. Prolonged
hyperfiltration of hypertrophic glomeruli can
ultimately lead to glomerular sclerosis and pos-
sibly loss of glomeruli [6].

Erythropoietin (EPO) is a 165-amino acid
peptide. Studies indicate the benefit of EPO
therapy in case of brain injury, retinal disease,
gastrointestinal and myocardial ischemia.
A positive effect of EPO on the kidneys has
been demonstrated in various studies. It had
been shown that EPO antagonizes endothelial
cell apoptosis, increases the sensitivity of en-
dothelial cells, and the activity of endothelial
nitric oxide synthase, stimulates mitogenesis
and angiogenesis of endothelial cells, increases
renal blood flow, and has an anti-inflammatory
effect 7, 8].

The aim of this study is to investigate wheth-
er the application of darbepoetin alfa (DA)
during pregnancy and in the first week of life,
affects the number or size of the kidney glom-
erulus of mice with IUGR.
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METHODS

In the experiment, female mice and male and female pups
of the Naval Medical Research Institute (NMRI) breed
were used. The animals had been grown in standard lab-
oratory conditions with food and water ad libitum. The
experimental IUGR model was used. Female mice were
mated for 24 hours with fully mature males. The day of
conception was determined by serial observation of vaginal
swabs by light microscopy. When the presence of sperma-
tozoids was confirmed, it was recorded as a zero day of
gestation. Gestation in NMRI mice breeds lasts 19-21 days.
From the 15th to the 21st day of gestation, dexamethasone
(diluted in 0.9% NaCl) was administered to pregnant fe-
males. Dexamethasone was applied subcutaneously, at a
dose of 100 ug/kg per day (0.2 ml). After spontaneous de-
livery, the pups were weighed and left on natural nutrition.
Only the newborn mice who were born from pregnancies
with 6-10 fetuses (newborns) were included in the experi-
ment. Criteria for exclusion from the study were as follows:
mice born in pregnancies with less than six fetuses and
mice born from pregnancies with more than 10 fetuses.
According to the random selection method, the pups were
classified into one of the following groups:

Group 1 (control group 1) - 10 mice with IUGR that
received 0.1 ml 0.9% NaCl intraperitoneally;

Group 2 - eight mice with IUGR that received DA in-
traperitoneally (10 pug/kg) on the first and the seventh day
of life;

Group 3 - eight mice with IUGR, that received DA in-
traperitoneally (4 pg/kg) on the first and the seventh day
of life;

Group 4 - eight mice with IUGR, that received DA in-
traperitoneally (1 pg/kg) on the first and the seventh day
of life;

Group 5 - eight mice with IUGR whose mothers re-
ceived DA subcutaneously (10 pug/kg) on the 15th post-
conceptual day;

Group 6 - eight mice with IUGR whose mothers re-
ceived DA subcutaneously (10 pg/kg) on 15th post con-
ceptual day, and who received DA intraperitoneally (10
ug/kg) on the first day of life;

Group 7 (control group 2) - 10 mice who were born
and raised without any prior intervention during the fetal
period and after the birth.

Four weeks after birth, the experimental mice were sac-
rificed by decapitation. The kidneys were removed from
the sacrificed animals and tissue samples were fixed in the
solution of 10% buffered formalin, dehydrated, and mold-
ed into paraffin. After rehydration, the samples were cut at
5-um-thick slices and stained with the hematoxylin-eosin.
Histological examination (morphological and stereologi-
cal analyses of glomeruli, intermedial and juxtamedullary
zone of the renal cortex) was performed using light mi-
croscope at 400 x and 100 x magnification. Morphometric
and stereological analyses included measurement of the
surface of the glomerulus and the thickness of the renal
cortex, as well as determining the numerical density of
the glomerular profiles using commercial image analysis

‘ DOI: https://doi.org/10.2298/SARH221220058M
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software Image] (National Institutes of Health, Bethesda,
MD, USA). The area of 821-1109 glomerular profiles
per group was measured. Every fifth section was a slide
mounted. Only well-preserved structures that do not cut
the “forbidden” lines of the test system were considered.

The numerical density (Nv) was determined by observ-
ing 15 microscopic fields per animal [9]. It was calculated
using Weibel and Gomez formula [10]:

x [Na3]*?
Nv=—|—
v B[Vv]
Pp

Vo= o
V= Pt

where: Na - number of glomerular profiles in a test-area;
Vv - volume density of glomerules; k — the size distribution
coefficient assuming 10% coefficient of variation (1.01);
B - the shape coefficient for sphere (1.38); Pp — number of
points that hit the glomerules; Pt — total number of points.
The thickness of the cortex was measured as the length
of the line positioned at a right angle between the parallel
tangent lines on the surface of the kidney and the bound-
ary of the cortex and the core of the kidney on 41-83 fields.
Statistical data processing was performed using StatSoft,
Inc. software packages (2007) STATISTICA (data analy-
sis software system), version 8.0, and Glantz, Stanton A.
Primer of Biostatistics, 5th Edition, McGraw-Hill, 2002.
The experiment was approved by the Ethics Committee
on Animal Care and Use of the University of Novi Sad
(Ethics Committee approval number I-2013-05) and were
performed and conducted in accordance with the NIH
Guide for the Care and Use of Laboratory Animals.

RESULTS

It was found that birth weight of newborn mice of the
Group 7 (mice that gave birth spontaneously without pre-
vious intervention on the mother) was statistically signifi-
cantly higher compared to the Group 1 (IUGR) (1.675 g
vs. 1.253 g; p < 0.05), Group 2 (IUGR) (1.675g vs. 1.2 g;
p <0.05), Group 3 (IUGR) (1.675 g vs. 1.089 g; p < 0.05),
Group 4 (IUGR) (1.675 g vs. 1.156 g; p < 0.05) and Group
5 (IUGR and DA on the 15th day of pregnancy) (1.675 g vs.
1.35 g; p < 0.05). Statistical significance was not established
by comparing the birth weight of newborn mice between
Group 6 (IUGR and DA on the 15th day of pregnancy)
and Group 7 (mice that gave birth spontaneously without
previous intervention on the mother) (1.75 g vs. 1.675 g;
p > 0.05).

The birth weight of newborn mice in Group 6 (IUGR
and DA on the 15th day of pregnancy) is statistically sig-
nificantly higher compared to Group 1 (IUGR) (1.75 g
vs. 1.253 g; p < 0.05), Group 2 (IUGR) (1.75gvs. 1.2 g;
p < 0.05), Group 3 (IUGR) (1.75 g vs. 1.35 g; p < 0.05),
Group 4 (IUGR) (1.75 g vs. 1.156 g; p < 0.05) and Group
5 (IUGR and DA on the 15th day of life) (1.75 g vs. 1.35 g;
p < 0.05).
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Table 1. Comparison of body weights of pups
between all experimental groups on the sev-
enth day of life

Table 2. Comparison of glomerulus area sizes
between the groups

Table 3. Comparison of the numerical density
of glomeruli between all experimental groups

: Brens Glomerulus . BrenEs Numerical <.jensit_y .

Groups Body weight (g) p area size (um?) of glomeruli (mm)

7vs. 1 3.825vs.2.32 0.000 2vs. 4 2471 vs. 1954 0.000 4vs. 3 2.705 vs. 2.381 0.061
2vs. 1 3.625vs.2.32 0.000 7vs. 4 2425 vs. 1954 0.000 1vs.3 2.712vs. 2.381 0.064
7vs. 4 3.825vs.2.733 0.000 6vs. 4 2289 vs. 1954 0.000 4vs. 2 2.705 vs. 2.449 0.166
5vs. 1 3.45vs.2.32 0.000 5vs. 4 2319 vs. 1954 0.000 1vs.2 2.712 vs. 2.449 0.167
6vs. 1 3.438vs.2.32 0.000 1vs. 4 2247 vs. 1954 0.000 6vs.3 2.594 vs. 2.381 0.237
3vs. 1 3.18 vs. 2.32 0.000 2vs. 3 2471 vs. 2201 0.000 5vs.3 2.6 vs. 2.381 0.267
2vs. 4 3.625vs.2.733 0.000 3vs. 4 2201 vs. 1954 0.000 1vs.7 2.712vs. 2.534 0.306
7vs.3 3.825vs.3.18 0.000 2vs. 1 2471 vs. 2247 0.000 4vs.7 2.705vs. 2.534 0.308
5vs. 4 3.45vs.2.733 0.000 7vs. 3 2425 vs. 2201 0.000 7vs. 3 2.534 vs. 2.381 0.388
6vs.4 3.438vs.2.733 0.000 2vs.6 2471 vs. 2289 0.000 6Vvs.2 2.594 vs. 2.449 0.448
4vs. 1 2.733vs. 2.32 0.005 7vs. 1 2425 vs. 2247 0.000 5vs.2 2.6 vs. 2.449 0.467
3vs. 4 3.18vs.2.733 0.005 7vs.6 2425 vs. 2289 0.000 1vs.6 2.712 vs. 2.594 0.504
2vs.3 3.625vs.3.18 0.007 2vs.5 2471 vs. 2319 0.001 4vs. 6 2.705 vs. 2.594 0.515
7vs. 6 3.825vs.3.438 0.010 5vs.3 2319 vs. 2201 0.013 1vs.5 2.712vs. 2.6 0.565
7vs.5 3.825vs. 3.45 0.013 6vs.3 2289 vs. 2201 0.015 4vs.5 2.705vs. 2.6 0.576
5vs.3 3.45vs.3.18 0.097 7vs.5 2425 vs. 2319 0.025 7vs.2 2.534 vs. 2.449 0.652
6vs.3 3.438vs.3.18 0.114 5vs. 1 2319 vs. 2247 0.128 2vs. 3 2.449 vs. 2.381 0.725
7vs.2 3.825vs. 3.625 0.177 2vs.7 2471 vs. 2425 0.224 5vs.7 2.6vs.2.534 0.732
2vs.6 3.625vs. 3.438 0.272 1vs. 3 2247 vs. 2201 0.225 6vs. 7 2.594 vs. 2.534 0.732
2vs.5 3.625vs. 3.45 0.305 6vs. 1 2289 vs. 2247 0.244 1vs. 4 2.712vs. 2.705 0.967
5vs.6 3.45vs. 3.438 0.941 5vs.6 2319 vs. 2289 0.504 5vs.6 2.6vs.2.594 0.975

The average birth weight of newborn mice with IUGR
(Group 1) was 1.253 g, which is 25.2% less in comparison
with spontaneously delivered pups without IUGR (Group
7), whose average birth weight was 1.675 g.

The average weights of mice on the seventh day of life
are shown in Table 1.

The average body weight of the pups in Group 7 (mice
that gave birth spontaneously without prior intervention
on the mother and without intervention on them after
birth) on the seventh day of life was statistically significant-
ly higher compared to the pups in other groups (p < 0.05),
except for the pups in Group 2.

Mice pups in Group 2 (IUGR and DA 10 pg/kg) had a
statistically significantly higher body weight on the seventh
day of life compared to the pups in Group 1 (IUGR) (3.625 g
vs. 2.32 g; p < 0.05), Group 3 (IUGR and DA 4 ug/kg)
(3.625 g vs. 3.18 g; p < 0.05) and Group 4 (IUGR and DA
1 pg/kg) (3.625 g vs. 2.733 g; p < 0.05).

The average body weight of mice pups on the seventh
day of life in the Group 1 (IUGR) was statistically signifi-
cantly lower compared to all other groups - p < 0.05.

Average values of glomerulus area size of mice are
shown in Table 2.

By comparing the surface area of the kidney glomeruli,
it was determined that there is no statistically significant
difference between Group 2 (IUGR and DA 10 pg/kg) and
Group 7 - mice that gave birth spontaneously without pre-
vious intervention on the mother (2471 um? vs. 2425 um?
p > 0.05).

Mice pups of Group 5 (IUGR and DA on the 15th day
of pregnancy) had a statistically significantly higher kidney
glomerular surface compared to mice in Group 3 (IUGR
and DA 4 pg/kg) (2319 um? vs. 2201 pm? p < 0.05) and
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Group 4 (IUGR and DA 1 pg/kg) (2319 pm? vs. 1954 um?
p < 0.05).

The glomerular surface of the mice in Group 6 IUGR
and DA on the 15th day of pregnancy and after birth
10 pg/kg) was statistically significantly higher compared
to mice in Group 3 (IUGR and DA 4 ug/kg) (2289 um? vs.
2201 pm? p < 0.05) and Group 4 (IUGR and DA 1 pg/kg)
(2289 pm? vs. 1954 um? p < 0.05).

It was found that the glomerular surface of mice in
Group 3 (IUGR and DA 4 pg/kg) is statistically significant-
ly higher than the glomerular surface of mice in Group 4
(IUGR and DA 1 pg/kg), (2201 pm? vs. 1954 pm? p < 0.05).

It was found that there is no statistically significant dif-
ference in the numerical density of glomeruli between all
experimental groups, p > 0.05 (Table 3).

The obtained results indicate that the thickness of the
kidney cortex was statistically significantly higher in mice
from the Group 2 (IUGR and DA 10 pg/kg) compared to
all other groups, p < 0.05 (Table 4).

DISCUSSION

Unfavorable environmental conditions during prenatal
or early postnatal period may increase the susceptibility
to chronic diseases in later life. In 1988, Brenner et al. [5]
pointed out that a small number of nephrons, acquired in
utero, could be a common factor in the population prone
to hypertension and kidney disease. A kidney with few-
er nephrons, and therefore a low filtration surface area,
has a reduced ability to excrete sodium, which leads to
hypervolemia, which contributes to the development of
hypertension. Animal experiments and epidemiological
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Table 4. Comparison of the thickness of the renal cortex between all experimental groups

Group 1 2 3 4 5 6 7

862.42 um 1086.3 um 988.21 um 931.54 um 922.62 ym 924.49 ym 958.73 um
1 0.000000 0.000417 0.748833 1.000000 0.596013 0.027405
2 0.000000 0.039828 0.000237 0.000143 0.000004 0.001626
3 0.000417 0.039828 1.000000 0.997114 0.398601 1.000000
4 0.748833 0.000237 1.000000 1.000000 1.000000 1.000000
5 1.000000 0.000143 0.997114 1.000000 1.000000 1.000000
6 0.596013 0.000004 0.398601 1.000000 1.000000 1.000000
7 0.027405 0.001626 1.000000 1.000000 1.000000 1.000000

data support the “nephron number” hypothesis [11]. It is
known that IUGR in humans can lead to a reduction in
the number of nephrons. In newborns with IUGR, the kid-
ney is of altered shape (thin, sausage-like) resulting from a
smaller number of concentric layers [11, 12]. Brenner et al.
[5] were the first to highlight the potential consequences of
a reduced number of nephrons at birth on kidney disease
in later life. They also pointed out that nephropenia, as a
result of IUGR, could create a disproportion between a
body size and excretory capacity leading to vasodilatation,
glomerular hypertension, and progressive loss of nephrons
due to glomerulosclerosis [13].

Numerous studies have shown a significant reduction
in the number of nephrons as a result of IUGR [11]. There
are numerous studies, both in humans and experimental
animal models, showing the link between low birth weight
(LBW) and long-term increase in blood pressure and the
threat of developing kidney disease. The risk of kidney
dysfunction later in life increases in infants with ITUGR
who were born prematurely [14]. A systematic review of
80 studies conducted in children, adolescents, and adults
between 1996 and 2000, which examined the relationship
between blood pressure and birth weight, showed a de-
crease in blood pressure with increased birth weight (a
decrease in blood pressure of about 2 mmHg for each ki-
logram of birth weight) [15]. A relative increase in blood
pressure of 2 mmHg is associated with a 6% higher risk
of coronary artery disease and a 15% higher risk of stroke
[16]. There is an inverse relationship between gestational
age at birth and blood pressure levels. The study of Cooper
etal. [17] have shown a decrease in systolic blood pressure
by 0.53 mmHg with each additional week of gestational
age at birth. White et al. [18] published a meta-analysis of
31 relevant studies and concluded that people born with
LBW are at 70% higher risk of developing kidney disease.

Numerous experiments were conducted where IUGR
was induced in an animal model and its effect on the kid-
neys was examined [19]. In our experiment, [UGR animal
model was induced by glucocorticoids. Pups with IUGR
had statistically significantly lower birth weight (25.2%)
than those in the control group. LBW in combination
with a sudden increase in body weight (“catch-up phe-
nomenon”) after the birth increases the risk of hyperten-
sion and cardiovascular disease in later life. Several stud-
ies on animal models investigated effects of “catch-up
phenomenon” and demonstrated that increased oxidative
stress, shortening of the telomeres and accelerated kid-
ney, heart, and aortic aging occurring in those animals

‘ DOI: https://doi.org/10.2298/SARH221220058M

is associated with premature death. Also, there are data
suggesting that accelerated aging and increased oxidative
stress are features of people born with LBW [11]. In our
experiment, newborn mice were measured on the seventh
day of life. Newborn mice from the control groups had
statistically significantly higher body weight compared to
all other (IUGR) groups, except when compared to those
IUGR mice who were treated with a high dose of DA
(10 pg/kg). Also, mice from the latter group had larger
glomeruli. Further studies, as well as long-term follow-up,
are needed to prove the benefits or adverse effects of this
rapid increase in body weight.

EPO is a hematopoietic growth factor whose production
is regulated by hypoxia. It is a pleiotropic cytokine that ex-
hibits various biological effects in many non-hematopoietic
tissues. EPO exhibits its effects in different organs such
as brain, heart, lung, kidneys and liver. A growing body
of evidence indicates that EPO reduces glomerular and
tubular injury and dysfunction caused by severe ischemia
and reperfusion (I/R), both in experimental animals and
in neonates. Mechanisms through which EPO exhibits its
protective effect against renal I/R injury are an increase in
renal blood pressure and an increase in diuresis due to an
increase in cortical perfusion and intraglomerular pres-
sure. EPO also protects proximal tubular epithelial cells
from cellular damage and death by its anti-apoptotic, anti-
oxidant, anti-inflammatory, and pro-angiogenic effects [7].

An experimental study conducted by Spandou et al.
[20] has proven the protective effect of EPO in the sense
of its inhibiting the apoptotic death of proximal and distal
tubule cells. Administration of EPO at the time of renal I/R
injury significantly reduces the damage of cell function and
protects against cell death [21].

DA is a long-acting hyperglycolized EPO derivative, with
a half-life of about three times longer than recombinant hu-
man erythropoietin (rHuEPO) and with similar effects as
rHuEPO. It has been proven that DA has an anti-apoptotic
effect in both toxic and hypoxic kidney damage [22].

Brenner et al. [5] have hypothesized that the fundamen-
tal kidney abnormality that leads to elevated blood pres-
sure is reduced filtration surface. This can be caused by a
decrease in the number of kidney nephrons, as well as by a
decrease of renal filtration area per nephron [5]. In our ex-
periment, morphological and stereological analysis showed
that treatment with DA significantly increases glomeru-
lar area, but does not influence the number of glomeruli.
Experimental animals that received DA (1 pg/kg or 4 ug/kg
on the first and the seventh day of life) had statistically
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significant increase of the glomerular area compared to
IUGR offspring’s who were not treated. However, animals
that were spontaneously delivered, without any previous
intervention, had a greater glomerular area compared to all
three IUGR groups (Group 1 (IUGR); Group 3 (IUGR and
DA 4 pg/kg); and Group 4 (IUGR and DA 1 pg/kg). Also,
those experimental animals with IUGR that received DA
in a high dose of 10 pug/kg on the first and the seventh day
of life showed an increase in glomerular area to the extent
that there was no statistically significant difference when
compared with the group of healthy offsprings.

The numerical density of glomeruli in experimental
animals was also investigated. Although there are differ-
ences between the observed groups, they are not statisti-
cally significant.

In the world literature, there are no clinical or experi-
mental studies examining the effect of EPO on kidney
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glomeruli in [IUGR. This research was conceived as a pilot
study which would be the basis for further investigations
on this topic.

CONCLUSION

Based on the results of our experiment, we can assume that
higher doses of EPO administered immediately after birth
to mice with IUGR have a positive effect on the growth
of glomeruli.

Further studies are needed to determine the benefit of

this effect later in the lives of IUGR-born children, as well
as on comorbidity, with an emphasis on blood pressure.
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Ytuuaj aapbenoetuHa anda Ha romepyne HoBopoheHUX MULLEBA Ca UHTPAYTEPUHUM

3acTojem pacta

Munnua Munojkosuh, Becta CrojaHosuh, HeHag bapuwuh

YHusep3uteT y Hoom Cagy, MeguumHcku daxyntet, Hosn Cag, Cpbuja;

VIHCTUTYT 3a 34paBCTBEHY 3alTUTY fieLie 1 oMnagvHe BojsognHe, Hosm Cap, Cpbuja

CAXETAK

YBoa/Lum ViHTpayTepnHmn 3acToj pacTa je cTatbe y Kojem
deTyc Huje y cTarby Aia OCTBapU CBOj FrEHETCKM NOTeHLMjan 3a
pacT. lNoBe3aH je ca 6onectma ogpacsior 4oba, Kao WTo cy
XvnepTeH3uja, Of NHCYNVHA He3aBUCHY AnjabeTec MenuTycC 1
ancnmnugemuja.

Lnrb paga je ga ucnvta ga v npumeHa aapbenoetuHa anda
TOKOM TpyAHOMe 1y NPBOj HeAebY XMBOTa yTUYe Ha 6poj unm
BE/INYMHY romMepyia 6ybpera MylleBa ca MHTPAyTEPUHUM
3acTojem pacra.

MeTope Kopuctinu cmo XunBoTUHCKM MOLEN NHTPay TePUHOT
3acToja pacTa. [lapbenoeTuH anda je annnkoBaH MiayHuma
MYILLIEBa MPBOT U CEAMOT jaHa »MBOTa Y PasnynTUmM fo3ama
(no3e 1,4 v 10 ug/kg). iBe on cenam rpyna cy obyxsaTane mMna-
JYHLE KeHKU Koje cy npumane gap6enoeTrH anda v Tokom
TpynHohe. YeTupm Hefiesbe nocne nopohaja y3etu cy y3opuu

DOI: https://doi.org/10.2298/SARH221220058M

6y6pera 1 ypaheHa je MopdosoLLKa 1 CTepeosiollKa aHanmsa
rnomepyna.

Pesyntatu MpumeHa fapbenoeTuHa anda Kop HoBOpohHeHUX
MULLEBA Ca UHTPAyTEPUHIIM 3aCTOjeM pacTa foBena je Ao bpxer
noeeharba TenecHe TeXMHe y MPBUX ceflaM fjaHa »mBoTa. Mu-
LIEBYV PONHEHM Ca OBMM CTakEM UManu Cy CMakseHy MOBPLUNHY
rnomepyrna u cMareHy AebrbuHy KopTekca. MpumeHa papbe-
noetrHa anda HakoH pohetba 1 ceamor AaHa »msoTa (4 n 10
ug/kg) nosena je o xunepTpoduje rnomepyna n nopehama
AebrbrHe KopTekca bybpera. MpumeHa gapbenoeTriHa anda
Huje yTuuana Ha 6poj rnomepyna.

3aksbyyak lMprmeHa fapbenoeTtriHa anda kog HoBopoheHNxX
MULLEBA Ca UHTPAyTEPUHIM 3aCTojeM pacTa 3HayajHo nosehasa
MOBPLUMHY FoMepy”na 1 febmbuHy KopTteKkca bybpera.
KrbyuyHe peun: HTpayTepriHy 3aCToj pacTa; fapbenoeTuH
anda; bybper; rnomepyn
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SUMMARY

Introduction/Objective Venous thromboembolism complications (VTEC) include: deep vein thrombosis,
superficial vein thrombosis and pulmonary embolism. The aim was to assess the prevalence of VTEC in
patients with active pulmonary tuberculosis and to reveal the main factors influencing the development
of VTEC in this cohort of patients.

Methods A retrospective study of electronic health records of patients with active pulmonary tubercu-
losis was carried out. We included all patients with confirmed active pulmonary tuberculosis and VTEC
during the period from January 01, 2020 to December 31, 2022.

Results An overall 214 cases of VTEC were identified. The most significant risk factors for the develop-
ment of thrombotic complications in tuberculosis patients were human immunodeficiency viruses (HIV)
/ tuberculosis co-infection (relative risk 3.8; 95% Cl: 2.7-4.5) and the duration of the disease (according
to the criterion of formation of fibrosis foci and/or cavities) (relative risk 9.1; 95% Cl: 4.7-17.6). The overall
prevalence of VTEC in the tuberculosis hospital exceeded the literature data for non-tuberculosis clinics
by 3.3 times.

Conclusion Tuberculosis is a major reversible risk factor for the venous thromboembolic events, probably
due to impaired coagulation mechanisms, venous stasis and endothelial dysfunction. HIV infection in

this context is the second major reversible factor in the development of VTEC.
Keywords: venous thrombosis; tuberculosis; thromboembolism; HIV; hypercoagulation

INTRODUCTION

Tuberculosis (TB) and venous thromboembolic
complications (VTEC) are two global problems
of modern healthcare that receive significant
attention both in the scientific literature and
in practical guidelines for clinical use. Against
the background of a decrease in the basic inci-
dence rate of TB in the Russian Federation to
33.5 cases per 100,000 people per year (2021),
there is a growing trend in the number of se-
vere and complicated cases of the disease [1,
2]. This situation is largely explained by the de-
velopment of active TB in presence of human
immunodeficiency viruses (HIV) infection, co-
morbid diseases (cardiovascular, autoimmune,
oncological, etc.), widespread drug resistance
of the pathogen, and other procoagulant condi-
tions that increase the threat of VTEC [3, 4].
Currently, many risk factors for VTEC are
known, which, under certain conditions, trig-
ger the mechanisms of thrombosis described
in the classic work of the Austrian pathologist

Rudolf Virchow (1856) in the form of a patho-
genetic triad: venous stasis, hypercoagulation
and injury to the vascular wall [4]. Studies in
recent years have shown that TB, as a chronic
infection, is a procoagulant pathological con-
dition due to the synergistic action of several
factors affecting the coagulation equilibrium
mechanisms [5].

Thus, the research aimed at studying the
prevalence of VTEC among hospital patients
with active TB and identifying the main risk
factors for thrombosis is of significant practical
importance and will further allow to elaborate
effective methods for preventing VTEC in this
cohort of patients. Moscow is the best place to
conduct such a study in the Russian Federation,
as a multinational region with a permanent
population of more than 13 million people,
which has a sufficiently developed system for
recording TB patients.

The purpose was to assess the prevalence of
VTEC in patients with active pulmonary TB
admitted in specialized hospitals in Moscow
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and to identify the main factors influencing the develop-
ment of VTEC in this cohort of patients.

METHODS

To solve the set tasks, data from the Moscow Tuberculosis
Epidemiological Monitoring System (TEMS) were used.
The TEMS is an electronic register (based on the Barclay eo
software), which contains basic information about patients
with diagnosed active TB of any localization, confirmed
by cultural, bacterioscopic and/or molecular genetic meth-
ods. The registers are replenished monthly on the basis of
transmitted information from all TB hospitals in Moscow,
regardless of the patient’s residence (patients from other
regions of the Russian Federation, foreign citizens, persons
of no fixed abode) [6]. To assess the prevalence of VTEC, a
retrospective study of medical records (electronic medical
records of an inpatient) was performed by viewing them, in
the course of which all cases of VTEC were detected in all
TB hospitals in Moscow: Moscow Scientific and Practical
Center for Tuberculosis Control, Zakhariin Tuberculosis
Clinical Hospital No. 3, Rabukhin Tuberculosis Hospital
for the period 2020-2022.

The study was approved by the Local Ethics Committee
of Moscow Research and Clinical Center for Tuberculosis
Control (Protocol No. 11/23, February 6, 2023). All en-
rolled patients provided written informed consent to the
utilization of their anonymized clinical data.

The criteria for inclusion in the analysis were:

1. Age: 18 years and older;

2. Active pulmonary TB confirmed by X-ray, cultural,

bacterioscopic and/or molecular genetic method;

3. Deep vein thrombosis (DVT) of the lower limbs, su-
perficial vein thrombosis (SVT) of the lower limbs
and pulmonary embolism (PE) confirmed by instru-
mental methods of examination (ultrasound angiog-
raphy, computed tomography of the chest organs with
intravenous contrast).

Exclusion criteria: patients with iatrogenic thrombosis
after the insertion of central and peripheral venous cathe-
ters; patients receiving treatment for COVID 19 (and with-
in 30 days after recovery); patients with inactive TB who
had previously received therapy or admitted for surgical
treatment; patients taking combined oral contraceptives.

The following information about patients was available
for obtaining from medical records: sex, age, protocol for the
diagnosis of “active TB,” HIV status, protocol for ultrasound
angiography of the lower limbs veins, protocol for computed
tomography of the chest with intravenous contrast, the fact
of taking oral contraceptives and anticoagulants during the
month before the detection of active pulmonary TB.

To assess the duration of the disease, we used the fact
of the presence of massive fibrosis and/or caverns in the
lungs, which form no earlier than 16-24 months from the
onset of the disease [7]. This is because the moment of
onset of a chronic infectious disease in most cases cannot
be determined due to the paucisymptomatic course at the
beginning.
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As part of the statistical analysis, extensive indicators
and their 95% confidence intervals (95% CI) based on the
Wilson’s method, relative risk (RR) and its 95% CI (con-
fidence interval) were calculated. For numerical features
whose distribution differed from the normal one according
to the Shapiro—-WilKs test, we determined the median (Me)
and its 95% CI. To test hypotheses about the effect of age,
sex, the presence of HIV infection, as well as the duration
of the disease (by the criterion of formation of fibrosis
and cavities in the lungs) on the risk of developing VTEC,
patients were stratified according to appropriate signs, fol-
lowed by an analysis of statistically significant differences
in the frequency of VTEC in strata. Statistical processing
of information was carried out using the program support
R (R Project, Vienna, Austria), version 3.6.2 (2019-12-12)
- “Dark and Stormy Night” with the connection of the
DescTools library. The value of p < 0.05 was considered
statistically significant.

RESULTS

According to the data of the Moscow Regional Register
(based on Barclay SW), 4,609 patients with detected active
pulmonary TB were admitted in TB hospitals in Moscow.
The majority of these patients were men (2987; 64.8%),
women made up about a third of all patients (1622; 35.2%).
Reviewing the medical records of these patients we found
214 cases of VTEC that met the search criteria. Men pre-
vailed among patients with VTEC (n =145; 67.8%), women
accounted for 32.2% (n = 69). None of them received an-
ticoagulant therapy. Among 214 patients, only four had
anamnestic indications of cancer. In the last 30 days before
the diagnosis of VTEC there was no mention of surgical
operations.

Based on statistical calculations, the rate of VTEC
among 4,609 TB patients was: 4.6% (95% CI: 4.1-5.3),
where DVT was detected in 3.5% (95% CI: 3-4.1), SVT
- 1in 1.5% (95% CI: 1.2-1.9), and PE in 0.6% (95% CI:
0.4-0.8) (Figure 1). A combination of DVT and SVT was
registered in 16 patients (7.5%; 95% CI: 4.7-11.8), all cases
of PE (n = 26) were combined with DVT (12.2%; 95% CI:
8.4-17.2), and in two cases a combination of PE and SVT
was noted (0.9%; 95% CI: 0.3-3.3).

In the course of the study, it was necessary to discover
the factors influencing the rate of VTEC, among which we
considered age, sex, the presence of HIV infection with
any immune status and the disease duration to be the most
significant. Analyzing the influence of the patient’s age and
sex on the frequency of venous thromboembolic events,
no statistically significant differences were obtained, they
occurred with approximately the same frequency in both
men and women (Tablel). Relative risk (RR) of VTEC de-
velopment in admitted men and women with TB was 1.14
(95% CI: 0.86-1.51); (p = 0.2).

According to multivariate analysis, statistically inde-
pendent predictors of VTEC were: HIV infection and the
duration of the disease (after development of fibrous and/
or cavernous processes in the lungs). Thus, according to
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Figure 1. The frequency of certain forms of venous thromboembo-
lism complications in patients with active pulmonary. tuberculosis,
admitted in tuberculosis hospitals in Moscow (2020-2022); horizontal
segments show the boundaries of 95% Cl

Table 1. The frequency of venous thromboembolism complications
in admitted patients with active pulmonary tuberculosis depending
on sex

Parameter n |sample| % | 95%Cl | p

Venous thromboembolism
complications frequency

Men 145 | 2987 49 | 41-57
Women 69 1622 43 | 34-53
Young (< 45 years old) men 89 1757 5.1 | 4.1-6.2

214 | 4609 | 4.6 | 4.1-53

0.2

0.7
Young (< 45 years old) women | 47 1004 47 | 3.5-6.2
Over 45 years old men 56 | 1230 | 46 |3.5-5.9 04
Over 45 years old women 22 618 36 |24-53|

our data, the incidence of VTEC was 3.8 times higher in
patients with HIV/TB co-infection than in patients with
active TB without HIV infection. There was a statistically
significant age difference in patients with HIV/TB (Me =
40; 95% CI: 38-41 years) and TB (Me = 43; 95% CI: 41-47
years) (p = 0.0003; Mann-Whitney test). For this reason,
we stratified patients by age groups with a 10-year-interval
and determined the frequency of VTEC in strata (Table 2).

Table 2. The frequency of venous thromboembolism complications (VTEC)
in different age groups among admitted patients with human immuno-
deficiency viruses (HIV) co-infection/tuberculosis and HIV-negative tu-
berculosis patients

The number | Group size, | o, oco

HIV status, age SVATEC. los, abs. % (95% Cl) p
HIV+, total 98 904 10.8 (9-13)

<0.001
HIV-, total 116 3705 3.1(2.6-3.7)
HIV+, 18-24 0 10 0(0-27.8)

<0.001
HIV-, 18-24 1 455 0.2 (0-1.2)
HIV+, 25-34 18 191 |94(62-144) | _ o0
HIV-, 25-34 19 819 2.3(1.5-3.6)
HIV+, 35-44 58 458 12.7 (9.9-16)

< 0.001
HIV-, 35-44 40 828 4.8 (3.6-6.5)
HIV+, 45-54 18 196 9.2 (5.9-14) 001
HIV-, 45-54 28 657 43(3-6.1) )
HIV+, 55-64 4 45 8.9 (3.5-20.7) 0.08
HIV-, 55-64 14 493 2.8(1.7-4.7) ’
HIV+, 65 and older 0 4 0 (0-49) 0.07
HIV -, 65 and older 14 453 3.1(1.8-5.1) ’
HIV+, 45 and older 22 245 9(6-13.2) <0.001
HIV-, 45 and older 56 1603 3.5(2.7-4.5) ’

Srp Arh Celok Lek. 2024 Jul-Aug;152(7-8):357-362

Table 3. Expert assessments of the frequency of venous thromboem-
bolism complications (VTEC) in admitted patients in non-tuberculous
hospitals

Ne | Author Year | Country fVTEC Note
requency
VIEC - 1.4% | \on-tuberculous
1 | Allaert FA. | 2016 USA DVT - 0.9% hospitals
PE-0.7%
VTEC-1% Non-tuberculous
2 | AllaertFA. | 2016 | France | DVT-0.6% hospital
PE - 0.5% ospitals
3 |EmiG. 2020 ltaly | DVT—1.29 | Non-tuberculous
hospitals
4 |KhannaR. | 2014 USA |VTEC-0.519 | NOn-tuberculous
hospitals

DVT - deep vein thrombosis; PE — pulmonary embolism

The results obtained allow us to reject the null hypoth-
esis and accept an alternative one, according to which
HIV infection [even when receiving antiretroviral therapy
(ART)] increases the risk of developing VTEC in admitted
patients with active pulmonary TB, regardless of their age.

Another factor affecting the frequency of acute venous
thrombosis is the duration of the disease. Unfortunately,
since we cannot have data about the moment of onset of
the disease (as a rule, patients do not have these data due
to the paucisymptomatic course of the disease), we used
the criterion of the presence of fibrosis foci and/or cavities,
which do not form earlier (and, most often, later) 16-24
months from the onset of the disease.

Compute tomography showed that the relative risk of
developing VTEC in patients with fibrous and/or cavern-
ous changes in the lungs compared with patients with
pulmonary TB without these changes was 9.08 (95% CI:
4.7-17.5). Thus, the presence of fibrosis foci and cavitary
necrosis, which in this case are noted in every fourth pa-
tient, significantly increases the risk of developing VTEC.
The age of patients with VTEC and fibrous-cavernous
changes in the lungs (Me = 49; 95% CI: 25-78 years) did

not differ much from the age of patients with VITEC but

without fibrous-cavernous changes in the lungs (Me =

43; 95% CI: 41-47 years) (p = 0.9). Acute venous throm-

bosis was almost as frequent in patients under the age

of 45 with active TB and fibrous-cavernous changes in
the lungs as in patients over 45 years of age; 33.3% vs.

23.5% (p = 0.9).

To compare the frequency of VTEC among admitted
patients with active pulmonary TB and patients in non-
TB hospitals, we used expert estimates in scientific pub-
lications of the European Union and the United States
over the past 10 years (Table 3) [8, 9, 10].

The analysis allows us to reveal the main patterns
affecting the frequency of acute venous thrombosis and
embolism in patients admitted in TB hospitals for active
pulmonary TB. A comparison of our data and expert
estimates of the frequency of venous thromboembolic
events in the hospital allowed us to assert that, in gener-
al, the frequency of VTEC in patients of TB dispensaries
is 3.3 times higher than in patients in non-TB hospitals.
Interestingly, the incidence of DVT is 2.9 times higher
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Figure 2. The incidence of venous thromboembolism complications (VTEC),
deep vein thrombosis (DVT) and pulmonary embolism (PE) in patients with
active pulmonary tuberculosis in comparison with expert estimates; the verti-
cal segments show the boundaries of 95% Cl

in patients with active pulmonary TB, while the rate of PE
is approximately equal in both groups (Figure 2).

DISCUSSION

For a long time, the relationship between chronic infec-
tious processes and VTEC was considered as an accidental
phenomenon, so that only rare instances of DVT and PE in
active TB were discussed in the literature [11]. At the same
time, as early as 1948, there were reported cases of DVT
and PE in TB patients without concomitant blood clotting
disorders [12]. Subsequently, it was noted that according
to the results of autopsies and screening ultrasound exami-
nations, VTEC occur in patients of TB clinics in Europe,
North America and the Middle East with a fairly high fre-
quency exceeding 2.5% [12]. Based on a meta-analysis by
Dentan et al. [13], hospital mortality in patients with active
TB and VTEC (15%) was five times higher than mortality
among TB patients without VTEC (2.7%) or patients in
general hospitals with VTEC (2.5%) (p < 0.001). In the
multifactorial analysis model, adults with active TB had a
higher risk of VTEC than patients without TB, but with a
risk of VTEC due to oncology [14].

It has been found that TB, as a chronic infection, has a
direct impact on the processes leading to hypercoagulation.
According to Turken et al. [15] this is directly manifested
by an increase in the level of fibrinogen, factor VIII in
blood plasma, as well as a decrease in the synthesis of an-
tithrombin IIT and inhibition of protein C. Another obser-
vation showed that in the case of active TB, antiphospho-
lipid antibodies are often found in the blood of patients,
which inhibit the activation of proteins S and protein C,
inhibit the functions of antithrombin III and the fibrino-
lysis system (decrease in the tissue plasminogen activator
function), increase the expression of tissue factor (TF) on
immune cells and increase platelet aggregation (due to
active synthesis of thromboxanes) [16]. These processes
seem to be associated with high cytokine activity in TB,
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which leads to endothelial dysfunction. Indeed, back in
1991, studies by Japanese scientists showed high produc-
tion of interleukin 6 (IL-6) and tumor necrosis factor alpha
(TNF-alpha) by monocytes of patients with active TB of
various localizations [17]. Additionally, it is possible to
note the progressive effect of Mycobacterium tuberculosis
itself on the expression of TF on cell membranes, which
is currently considered as the main triggering factor of
thrombosis [18].

It is no secret that TB patients, both pulmonary and
extrapulmonary, as a rule, suffer from weight loss and hy-
podynamia due to several reasons including intoxication
and weakness, after surgical interference, long stay in in-
tensive care units, and skeletal muscles hypotrophy [19].
The combination of these factors creates prerequisites for
the occurrence of venous stasis in the deep veins of the
lower extremities. Thus, tuberculous inflammation deter-
mines all three interrelated components of the Virchow’s
triad: inflammatory endothelium damage, venous stasis,
and hypercoagulation.

HIV infection plays another but not less important role
in the processes of thrombosis formation. According to
the results of the conducted studies, HIV-positive peo-
ple, regardless of ART, had an increase in the frequency
of VTEC due to immune system dysregulation and the
development of chronic inflammation. HIV infection is
recognized as a prothrombotic disease, while the incidence
of VTEC among HIV-infected patients vary from 0.19%
to 7.63% per year [20]. The relationship between HIV
infection and VTEC was first reported by Hassell et al.
[21] in 1994: according to the authors, the incidence of
DVT among HIV-infected patients reached 18% in the
Denver County Hospital, and researchers associated this
phenomenon with the detected deficiency of protein S and
antiphospholipid antibodies. A protein S concentration de-
crease in people living with HIV was subsequently proved
in a series of works by American and Dutch scientists, a
clear correlation having been observed in a concentration
increase of factor VIII and fibrinogen in blood plasma [22].
It is assumed that the synthesis of protein S in endothelial
cells, hepatocytes and megakaryocytes is suppressed due
to the activity of TNF-alpha and/or the HIV virus itself
[23]. The Funderburg et al. [24] study found a significantly
higher incidence of TF - expressing monocytes in fresh
blood samples in HIV-infected patients than in uninfected
control groups. Presumably, various ligands of bacterial
Toll - like receptors are translocated through the dam-
aged intestinal wall in chronic HIV infection and stimulate
immune activation (in addition to HIV virus replication)
and TF expression by monocytes [24]. The increased TF
expression in HIV infection is indirectly confirmed by
high plasma levels of D-dimers and the correlation be-
tween TF expression and D-dimer levels. HIV replication
and systemic translocation of microbial products from the
damaged intestine and subsequent immune activation con-
tribute to the procoagulant state in HIV-infected patients.

Changes in the hemostasis system towards procoagulant
activity are associated with the severity of immunosuppres-
sion, determined by the number of CD4+ lymphocytes
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[25]. Thus, it was found a statistically significant differ-
ence in the levels of D-dimer, proteins C and S, antigens to
proteins C and S, and Von Willebrand factor in individu-
als with CD4+ levels below 200 cells/ul and above 400,
which suggested a tendency to thrombosis in HIV-infected
patients with deep immunosuppression [26]. The cause
of the relationship between HIV infection and VTEC de-
velopment has not yet been definitively clarified, but it
seems to be of a multimodal nature, while all three links of
the Virchow’s triad are involved. For example, it has been
proven that the virus primarily infects endothelial cells,
which leads to increasing plasma concentration of such
factors of endothelial dysfunction as thrombomodulin,
Von Willebrand factor and E-selectin [27]. The concentra-
tion of the latter ones increases by more than 60% and is in
inverse proportion to the number of CD4+ lymphocytes,
that is, it directly depends on the availability and effec-
tiveness of ART [28]. The concentration of the latter ones
increases by more than 60% and is in inverse proportion
to the number of CD4+ lymphocytes, that is, it directly
depends on the availability and effectiveness of ART [28].

Currently available epidemiological data indicate that
HIV infection is interlinked with an increased risk of VTEC
by 2-10 times compared with the general population of
the same age [29]. Some risk factors, such as low CD4+
lymphocyte count, protein S deficiency, and protein C de-
ficiency, have shown the strongest association with VTEC.
Other risk factors are still controversial, for example, prote-
ase inhibitor therapy, the presence of active opportunistic
infections, and the presence of antiphospholipid antibodies,
including antibodies to cardiolipin and lupus anticoagulant.

Finally, pulmonary TB patients with acute respiratory
failure who are in a state of chronic hypoxia (for exam-
ple, with cavernous and/or fibrous changes in the lung
parenchyma) are also at the greatest risk of developing
VTEC, which is probably due to a decrease in the concen-
tration and synthesis of protein S by the liver against the
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Kog 60necHuKa ca akTuBHOM nnyhHom Ty6epKyno3om u KouHdpekuujom XUB/TH

(ry6epkyno3a n Tpom603a)

Omutpuj Mnotkun'?, Aptyp Tutomep', Muxaun PewwetHnkoB'?, YmeLioH ladapos’, Ceprej Crepnukos?, Muxaun CuHULMA'>3,

EneHa boropopackaja'?

'MOCKOBCKM HayYHO-KNMHNYKN LieHTap 3a 60pby NpoTuB Tybepkynose, TybepKyno3Ho XmpypLIKo oferberse, HayuHo oaerberbe, MockBa,

Pycka Oepepauyja;

2PyCKIN HALWMOHAMHN UCTPaXINBaUKM MEAULMHCKI yHIBep3uTeT H. . Mnporos’, MeanumHckmn GakynTeT, Ofnerberbe onliTe Xupypruje,

Opemetbe ¢pTr3natpuje, Mocksa, Pycka Oegepaumja;

3PycKa MeAULIMHCKa akafieMuja 3a KOHTUHYMPaHO CTPyYHO obpa3oBatbe, Ofemetbe 3a dT3njatpujy, Mocksa, Pycka Gepepauiyja;
“PyCK1 HayYHOMCTPaXXMBAYKN MHCTUTYT 3ApaB/ba, Katenpa envgemuonoruje, Mocksa, Pycka Oepepaumja

CAXETAK

YBop/Unm BeHcke Tpomboembonujcke Kommnukaumje (BTEK)
YKIbyuyjy By60KY BEHCKY TPOMO03Y, TPOMOO3Y MOBPLUMHCKMX
BeHa 1 nnyhHy em6onujy. Linb papa je 6uo ga ce npoueHu
npesaneHumja BTEK-a kop 6onecHuka ca akTusHom nnyhHom
Ty6epKyi030M 1 Aa Ce OTKPWjy FaBHU GaKkTopy Koju yTUYy Ha
pa3Boj BTEK-a y 0BOj KoxopTu 6onecHumKa.

Mertope YpaheHa je peTpocnekTuBHa CTyAuja €NeKTPOHCKIX
3[pPaBCTBEHUX KapTOHa 60MecHUKa ca akTBHOM miyhHOM
Ty6epKyno3oMm. YKibyueHu cy cBu bonecHuLy ca notBphHeHom
aKTuBHoM nnyhHom Ty6epkyno3om 1 BTEK-om 3a nepuviop og 1.
1.2020. po 31. 12. 2022. roguHe.

Pe3yntatu /neHTndukoBaHo je yKynHo 214 cnyyajeBa BTEK-a.
Haj3HauajHuju dpakTopu pr3nKa 3a HacTaHaK TPOMOOTUUKIMX

DOI: https://doi.org/10.2298/SARH240303057P

KoMMnvKaLmja kog Ty6epKynose 6unu cy konHdekuwja XVB/Ty-
6epKyno3se (penatnBHY py3uK 3,8; 95% VMHTEpBan Noy3aaHoCT
2,7-4,5) n Tpajatbe 6onectn (Npema Kputepujymy dopmMmmuparba
XapuwTa ¢Grbpose n/munu WwynsbrHe) (penatmsHn pusmk 9,1;
95% nHTepBan noyspaHocTn 4,7-17,6). YkynHa npeBaneHumja
BTEK-a y 60onHMLW 32 Ty6epKyno3y npemalunna je nutepaTtypHe
nopatke 3a HeTyb6epKyno3He KnvHyiKe 3a 3,3 nyTa.
3akibyuak TybepKynosa je rnaBHU peBep3nbunHm daktop
pu3nKa 3a BeHcKe Tpomboembonujcke gorahaje, BepoBaTHO
360r nopemeheHnx MexaH13ama KoarynaLuje, BeHCKe cTase 1
eHpoTenHe ancoyHkuumje. XUB nHdeKLmja y 0BOM KOHTEKCTY je
APYrv BeNnKy peBep3n6unHy paktop y passojy BTEK-a.
KrbyuHe peum: BeHCKa TpoM603a; TybepKyno3a; Tpomb6oem60-
nwja; XMB; xunepkoarynauuja
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Evaluation of the quality of life 10 years after
bilateral thoracoscopic sympathicotomy in subjects
with primary focal hyperhidrosis
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SUMMARY

Introduction/Objective Primary focal hyperhidrosis (PFH) is an idiopathic condition where excessive
sweating affects one or more body regions, including axillae, palms, soles, and/or face. Most studies on
quality-of-life (QoL) focus on the period up to one year after bilateral thoracoscopic sympathectomy
(BTS). This study aims to determine the 10-year trend in QoL among patients from the Republic of Serbia
with palmar-plantar-axillary PFH, treated with BTS at the R3-R4 level. A secondary goal is to ascertain
the existence of compensatory sweating.

Methods All patients underwent a standardized BTS in a single act, through the cutting of ganglia with
ultrasonic scissors at the R3-R4 level. For data collection, patients completed the “Hyperhidrosis Qual-
ity of Life Questionnaire,” and the Hyperhidrosis Disease Severity Scale, preoperatively, postoperatively
within 30 days, and 10 years after BTS.

Results The total sample consisted of 103 subjects who completed all three questionnaires. Considering
the improvement in QoL from the group excellent, good, and average, the postoperative improvement
was immediately postoperative in 88.4% of patients, while in the ten-year period, it was 87.4%. No statisti-
cally significant differences were found between the assessment of life satisfaction after 30 days and 10
years after BTS. Out of the total number of operated patients, two patients (1.94%) characterized their
compensatory sweating as very pronounced.

Conclusion After 10 years from BTS, the QoL remains at an exceptionally high level, with an annual trend

of decline of about 0.1%.

Keywords: sympathicotomy; sweat; video-assisted thoracoscopic surgery

INTRODUCTION

Hyperhidrosis represents the occurrence of
pathological sweating that exceeds the physi-
ological needs of the body for adequate thermo-
regulation. Primary focal hyperhidrosis (PFH) is
an idiopathic condition where excessive sweat-
ing affects one or more body regions, including
axillae, palms, soles, and/or face. Severe forms
of PFH can have a significant impact on social
life, psychological status, and daily activities.
Consequently, the overall quality of life (QoL)
may be diminished. Bilateral thoracoscopic
sympathectomy (BTS) represents the only
permanent therapeutic solution [1]. Patients
usually adapt to changes in thermoregulation
several months after undergoing BT'S. Few stud-
ies address the long-term effect of BT'S on QoL.
Most studies on QoL focus on the period up to
one year after BTS. A small number of stud-
ies describe the long-term effect considering
a period of 5-10 years [2]. This study aims to
determine the 10-year trend in QoL among pa-
tients from the Republic of Serbia with palmar-
plantar-axillary PFH, treated with BT'S at the
R3-R4 level. A secondary goal is to ascertain
the existence of compensatory sweating.

METHODS

The study was conducted as a unicentric, partly
prospective, uncontrolled, and non-random-
ized trial, following the approval of the ethi-
cal committee of the Institute for Pulmonary
Diseases of Vojvodina, Republic of Serbia (No.
25-VIII/7). Patients were operated on from
January 1, 2011, to November 30, 2013. All pa-
tients underwent a standardized BT in a single
act, through the cutting of ganglia with ultra-
sonic scissors at the R3-R4 level. Additionally,
accessory fibers of Kuntz were resected over the
third and fourth rib in the length of 5-7 cm.
Patients who had undergone sympathectomy at
any level other than R3-R4 were excluded from
the study. Only patients with palmar-plantar-
axillary PFH were considered. Patients with
erythrophobia, palmar-plantar, isolated axillary,
plantar, or palmar hyperhidrosis were not in-
cluded in the study. For data collection, patients
completed the “Hyperhidrosis Quality of Life
Questionnaire” (HQLQ), created by de Campos
et al. [3], and the “Hyperhidrosis Disease
Severity Scale” (HDSS), by the International
Hyperhidrosis Society, preoperatively, postop-
eratively within 30 days, and 10 years after BTS
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[3, 4]. In addition to the questionnaire filled out ten years
after BTS, three independent questions not included in the
score were added. The questions were: “Have you devel-
oped postoperatively: diabetes mellitus, thyroid disease,
malignant disease, psychiatric disease, or injuries to the
head or spine?”, “Do you have compensatory sweating? If
yes, in which regions?”. The aim of the question regard-
ing the postoperatively acquired disease was to potentially
identify the patients with secondary generalized hyper-
hidrosis. HDSS responses were descriptively compared,
with the QoL rated as very poor - 5, poor — 4, average — 3,
good - 2, and excellent - 1. As a condition for perform-
ing BTS, it was necessary for the QoL on the preoperative
HDSS scale to be very poor or poor. HQLQ responses were
numerically compared so that each response was scored.
The maximum score was 100, representing the worst QoL,
while the best QoL score was 20. The questionnaires were
filled out under the supervision of the surgeon who per-
formed the BTS. The difference in QoL after 30 days from
the operation was marked as immediate postoperative,
while the QoL after 10 years was marked as decadal.

For statistical data processing, the IBM SPSS Statistics
for Windows, Version 22.0. (IBM Corp., Armonk, NY,
USA) was used. Descriptive statistics methods — mean,
standard deviation, minimum, and maximum values -
were used to display the characteristics of variables. The
prevalence of certain variables is presented numerically
in the form of frequencies or percentages. For comparing
the QoL in relation to time points, a repeated measures
analysis of variance (Repeated Measures ANOVA) was
used. Results are presented in tables and figures.

RESULTS

The total sample consisted of 103 subjects who completed
all three questionnaires. Initially, 483 patients were includ-
ed in the study, but a vast majority was lost to follow-up
after 10 years. The total sample consisted of 65 women
(63.1%) and 38 men (36.9%). The age range of the subjects
in the sample was from 23 to 58 years, with an average age
of 39.12 years, at the point of completing questionnaire 10
years after BTS. Intraoperative complications included the
need for unilateral adhesiolysis of the pleura in one patient
(0.97%) and one pneumothorax (0.97%).
Pre-operatively, 68% (70/103) of respondents, after
completing HDSS questionnaire, reported their QoL as
“very poor” and 38% (33/103) reported it as “poor”. Poor
and very poor QoL was also a condition for performing
BTS. Regarding the period 30 days after surgery and 10
years after surgery, the percentage of “poor” and “very
poor” responses was significantly lower, 10.67% (11/103)
and 11.65% (12/103), respectively. On the other hand,
the percentage of respondents reporting good or excel-
lent QoL was 78.7% (81/103) in the assessment after 30
days, and 72.8% (75/103) in the assessment after 10 years.
Considering the improvement in QoL from the group ex-
cellent, good, and average, the postoperative improvement
was immediately postoperative in the 88.4% (91/103) of
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Figure 1. Number of responders to the Hyperhidrosis Disease Sever-
ity Scale questionnaire assessing the overall quality of life in three
time points

patients, while in the ten-year period 87.4% (90/103) pa-
tients gave the same answers (Figure 1).

Mean values of 4.67/1.85/1.97 and standard deviations
of 0.46/1.09/1.20 were reported respectively for the as-
sessment of the overall QoL before surgery, 30 days after
surgery, and 10 years after surgery (Table 1). In order to
investigate the effect of time on patients’ QoL, a repeated
measures analysis of variance was conducted.

Table 1. The assessment of the overall quality of life using Hyperhi-
drosis Disease Severity scale

Time point M SD N Min Max
Before surgery 467 | 046 103 4 5
30 days after surgery 1.85 1.09 103 1 5
10 years after surgery 1.97 1.20 103 1 5

M — mean; SD - standard deviation

The effect of the independent variable, namely time,
on the assessment of satisfaction with the QoL in patients,
was statistically significant, F (2,101) = 307.062, p < 0.001,
partial n* = 0.859. Post hoc analyses (LSD) established that
there are statistically significant differences in the assess-
ment of satisfaction with QoL before surgery compared to
the assessment of satisfaction with QoL 30 days after sur-
gery (p <0.001) and 10 years after surgery (p < 0.001). The
assessment of satisfaction with QoL 30 days after surgery
and 10 years after surgery was statistically significantly
higher than before surgery. No statistically significant dif-
terences were found between the assessment of life satisfac-
tion after 30 days and 10 years after surgery.

Satisfaction with the QoL during daily activities was
processed through 20 items via the HQLQ questionnaire.
Within each item, patients assessed their satisfaction with
the QoL for a specific daily activity at the same three-time
points: before surgery, 30 days after surgery, and 10 years
after surgery. For those three time points we found a mean
values of 74.22/37.66/36.79 and standard deviations of
17.87/15.11/15.79 (Table 2). The effect of the independent
variable, namely time, on the assessment of satisfaction with
the QoL during daily activities, was statistically significant,
F(2,101) = 139.285, p < 0.001, partial n*> = 0.734. As in the
case of overall QoL, post hoc analyses (LSD) established
that there are statistically significant differences between the
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assessment of satisfaction with QoL during daily activities
before surgery, 30 days after surgery (p < 0.001), and 10
years after surgery (p < 0.001). The assessment of satisfac-
tion with QoL during daily activities 30 days after surgery
and 10 years after surgery was statistically significantly
higher than before surgery. Also, no statistically significant
difference was found between the assessments 30 days after
surgery and 10 years after surgery.

Table 2. The assessment of the overall quality of life using Hyperhi-
drosis Quality of Life Questionnaire

Time point M SD N Min Max
Before surgery 7422 | 17.87 | 103 20 100
30 days after surgery 37.66 | 15.11 103 20 84
10 years after surgery | 36.79 | 15.79 103 20 78

M — mean; SD - standard deviation

2,5

1,5

B Mean HDSS score

With associated diseases Without associated diseases

Figure 2. Ten years after surgery, mean Hyperhidrosis Disease Severity
Scale (HDSS), showing difference in patient with or without postop-
eratively acquired associated disease

In the total sample, there were 78 (75.7%) patients who
reported compensatory sweating 10 years after surgery.
Compensatory sweating most commonly occurred in the
abdomen area (32%), back (23%), chest (9%), and com-
bined or other regions (36%). Of those with compensatory
sweating, 30.7% stated that it affects their daily activities,
while 69.3% reported that compensatory sweating does
not affect their daily activities. Out of the total number of
operated patients, two patients (1.94%) characterized their
compensatory sweating as very pronounced.

Table 3. Results of the quality-of-life findings from studies after bilateral thoracoscopic

The majority of patients in the sample did not have
associated diseases (83.5%). Postoperative acquired associ-
ated thyroid gland diseases were reported by 11 patients
(10.67%), psychiatric disorders by six (5.82%), sinus tachy-
cardia by one (0.97%), diabetes mellitus by one (0.97%),
head and neck injury by one (0.97%), and spontaneous
pneumothorax several years after surgery by one patient
(0.97%). The average HDSS scores on overall satisfaction
with QoL in the group of patients who had newly acquired
associated diseases was 2.35 and patients who did not have
associated diseases was 1.89. As can be seen, the score is
higher in the group of patients who have associated dis-
eases, which indicates a lower QoL (Figure 2).

Due to the unevenness of the sample regarding this vari-
able, it is not possible to conduct statistical analyses that
would indicate whether these differences are statistically
significant.

DISCUSSION

Since BTS fundamentally represents an operation aimed
at improving the QoL of patients, it is very important to
inform patients about the success rate of the surgery and
the occurrence of compensatory sweating as the main side
effect. Experience has shown that the more informed pa-
tients are, the higher is their satisfaction with the surgical
treatment. Most studies addressing the topic of QoL after
BTS focus on the immediate postoperative period or the
period of up to one year [3]. Knowing the trend of QoL,
especially maintaining the level of effect achieved after
BTS over a multi-year or decade-long period, validates
the surgery itself and provides patients with information
that can influence their decision to undergo surgery or not.
Long-term maintenance of the effect of surgical treatment
means improvement in social life and psychological status
for them. Most patients seeking surgical treatment have
lived with their condition for a certain period, and many of
them have tried treatment with other therapeutic options
such as the application of botulinum toxin, iontophoresis,
systemic anticholinergics, radio waves, or lasers [1].

In our study, patients filled out the questionnaire preop-
eratively to have a baseline, after 30 days to make the data
comparable with most of the data avail-
able from the literature. The period after
10 years from BTS was chosen to highlight

sympathectomy the long-term trend. Comparing data over
Quality of life | - o atory | such a long period is only possible with a
Study N | Follow up |mpr(z(\);0e)ment sweating (%) small number of available studies. The ex-
Patrini et al. (2019) [4] 403 | 30days 9.1 N amination of the QoL after BT'S has never
Estrella-Gaibor etal. (2023)[5]| 49 | 30 days 959 89 been done on the population of patients
Hajjar et al. (2019) [6] 100 | 3 months 94 92 from the Republic of Serbia.
Hemead et al. (2022) [7] 63 | 6months 952 265 Postoperatively, after 30 days in our
Zhang et al. (2021) [8] 367 | 14 months 90.7 94.6 study, the improvement in QoL was 88.4%,
Gossot et al. (2003) [9] 125 | 38years 912 86.4 which is comparable with findings report-
Wolosker et al.(2012) [10] 453 | 30days 90.9 918 ed in the studies 'by Patrini et al.. [4] with
5 years 903 96%, as well as with Estrella-Gaibor et al.
Horslen etal. (2018) [11] 58 | Syears 84 84 [5] at 95.9% (Table 3). The difference in
Shabat et al. (2022) [12] 150 | 11years 94 20 patient satisfaction of 7.5% compared to
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the Patrini et al. [4] study can be explained by the fact that
preoperatively 100% of our subjects reported their QoL
as very poor and poor, while in the mentioned study, this
number was 87.6%. Estrella-Gaibor et al. [5] report that
98% of patients preoperatively stated their QoL as “poor”
and “very poor.” If we dissect this group and compare it
with ours, we see that in the Estrella-Gaibor et al. [5] study,
38.8% of patients stated their QoL as “very poor,” while
in our study, this number was 68% [6]. This difference
also explains the postoperative difference in QoL because
patients who report having “poor” QoL have only one step
to “good,” thus immediately entering into a positive result.

The improvement in QoL in studies that examined the
postoperative period from three months to 3.8 years was
from 90.7% to 95.2% [6-9]. The study that provides in-
sight into the trend is Wolosker et al. [10], who measured
QoL after 30 days and after five years. After five years,
they reported a decrease in QoL by 0.6% from 90.9% to
90.3%. In our study, the mentioned decline was 1% after
10 years, i.e., from 88.4% to 87.4%. Taking into account
both studies, the annual decrease in QoL was about 0.1%.
Horslen et al. [11] reported an 84% improvement in QoL
at five-year follow-up.

Shabat et al. [12] are the only ones that allow compari-
son after 10 years from BTS. QoL after 11 years in the
mentioned study was 94% in comparison with our 87.4%.
Compensatory sweating was 90% compared to our 75.7%.

As 10 years constitutes a long period, we attempted
to determine whether postoperatively acquired diseases,
could influence increased sweating, leading to a decrease in
patients’ QoL, even though such conditions should not be
related to BTS in principle. Such conditions were present in
11 patients (10.67%) in our study. In the group of patients
without newly acquired diseases, the descriptive indicator
(1-5) was 1.89, while in the group with newly acquired dis-
eases, it was 2.35. Although statistical significance cannot
be drawn due to the unevenness of the sample, it can direct
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us towards further investigation on this thesis and even
potentially indicate that the QoL is higher if we exclude
newly acquired associated diseases that affect the QoL. No
available study we found has addressed this issue.

As the BTS is an elective surgical procedure conducted
mostly on young and healthy individuals, safety of the op-
eration is the most important factor. In our study there were
no mortalities, no major bleeding, no accidental organ inju-
ries. Only one case (0.97%) of the pneumothorax requiring
chest tube was recorded. Kobayashi et al. [13] reported no
intra and perioperative complications in their study which
included a total of 151 patients. de Campos et al. [3] report-
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tube, two cases (0.6%) with superficial phlebothrombosis
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In our study, we reported one patient with extensive
pleuropulmonary adhesions. We managed to perform ad-
hesiolysis and BTS. Although chest tube was not removed
intraoperatively, no signs of major bleeding were noted.
Due to the adhesions, the sympathetic chain was obscurely
seen, but symmetrical BTS was achieved, thus avoiding
development of Harlequin syndrome [15].

CONCLUSION

We can say that even after 10 years from BTS, the QoL re-
mains at an exceptionally high level, with an annual trend
of decline of about 0.1%. Although the rate of compensa-
tory sweating is highly prevalent, in only a small number of
cases it is defined as disabling. Due to the high success rate
and long-term sustainable QoL, BTS remains the method
of choice for the permanent treatment of PFH.
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KBanurert xusota ocoba ca npumapHom GpOKasHOM XMNEepPXMap030Mm AeceT roanuHa
nocne bunatepanHe TOpaKOCKONCKe CUMNaTUKOTOMMje

WBaH Eprenawes'?, MBaH Kyxajga'? Mapko lanuh? Hencu Jlanuh'3, Mapko bojouh'*

'YHuep3utet y Hosom Cagy, MeguunHcku dakyntet, Hosu Cag, Cpbuja;

2/HcTuTyT 3a nnyhHe 6onectn BojeoanHe, KnuHuka 3a rpynHy xupyprujy, Coemcka Kamennua, Cpbuja;
*MHcTuTyT 3a nnyhHe 6onect BojsogunHe, KnuHuka 3a nnyhHy oHkonorujy, Cpemcka KameHuua, Cp6uja;
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CAMETAK

YBoa/LUum MNpumapHa dpokanHa xunepxuaposa je nponaTcko
CTakbe Kop KOjer je eKCLIeCMBHIM 3HojerbeM 3axBaheH jeaaH unm
BYILLIE PervioHa Tena, ykibyuyjyhu akcune, snaHose, Tabaxe u/
unu nrue. BehnHa ctynmja o KBanuTeTy 1BOTa GpOKyCMpaHa je
Ha nepviop, A0 roAUHY laHa HaKoH BunaTtepasnHe Topakockomncke
cumnaTmkoTommje (BTC).

Linmb oBe cTyavje je aa yTBpAM AeceToroamnilbn TPEeHA KBanu-
TeTa XMBOTa Koa 6onecHuka n3 Penybnuke Cpbuje ca nanmap-
HO-MIaHTapHO-aKCMTaPHOM NPYMapPHOM GpOKaTHOM XMMEepPXM-
apo3om, neyeHux bTC-om Ha HuBoY P3-P4. CekyHpapHu uub je
yTBphrBatbe NoCTojaba KOMNEH3aTOPHOT 3HOjetba.

MeToge CBrM 6oNECHNLIMA HauUUHEHA je CTaHAApAK30BaHa
BTCy jepHOM aKTy, nyTem npeceLatba raHrunja ynTpassyyHnm
MaKa3ama Ha H1Boy P3-P4. Y uurby cakynsbaka nogartaka, 6o-
NeCHULY Cy NpeonepaTUBHO, MOCTOMNEPATNBHO y NEPUOSY Of
30 gaxa 1 10 rogmHa nocne bTC-a nonyraBany YNUTHMK O KBa-
NIATETY XMBOTa ca xunepxuapo3om (The Hyperhidrosis Quality
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of Life Questionnaire) n Ckany TEXXMHe CUMNTOMa X MEePXMEPo3e
(Hyperhidrosis Disease Severy Scale).

PesynrtaTth YkynaH y3opak unHuna cy 103 ncnutaHuka, Koju cy
KOMM/IETUPanu cBa Tpy YNUTHMKA. Y3umajyhi y 063up no6osb-
Wwarbe KBanuTeTa }MBoTa U3 rpyne ‘ognvyaH; ‘gobap’n 'npo-
ceyaH;, nobosbllakbe je HenocpeAHo NOCTonepaTUBHO 6K
npucyTHO Kog 88,4% naumjeHata, JOK je y feceToroauilbem
nepuogy usHocuno 87,4%. Hucy nobujeHe CTaTUCTYKM 3Havaj-
He pa3nuke n3mehy npoLeHe 3a0BO/LCTBA KBANIUTETOM XIMBOTaA
30 paHa 1 10 roguHa og BTC-a. Op yKynHor 6poja onepucaHux,
ABa nauujeHTa (1,94%) okapakTepucana cy KOMNeH3aTopHO
3HOjerbe Kao BeOMa 13paxkeHo.

3aksmyyak [leceT roguHa HakoH bTC-a, KBanuTeT XMBOTa Ce
3aJpKao Ha U3y3eTHO BUCOKOM HIBOY, Ca FOAMLLHVM TPEHLOM
naga og 0,1%.

KrbyuHe peun: cumnaTtnkoTomMumja; 3HOj; BUAEOMOTNOMOrHYyTa
TOpaKasHa xupypruja
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SUMMARY

Introduction/Objective Altered physiology and metabolism of obese patients represents a big chal-
lenge for the anesthesiologist. The objectives of the study are to investigate numbers of comorbidities,
choice of anesthesia techniques, intraoperative, and postoperative complications between bariatric and
non-bariatric patients.

Methods This retrospective study included 469 patients. The study group of patients included obese
patients with body mass index > 30. Control Group included patients in whom elective laparoscopic
cholecystectomy was performed, on the same day as bariatric surgery in Control Group.

Results The study group included 235 patients who underwent bariatric surgery, while control group
included 234 patients. More patients in study group had comorbidities compared with Control Group
(84.4% vs.63.2%, p < 0.001). In the study group, total intravenous anesthesia and target control anesthesia
were statistically significant more delivered than in the Control Group (74% vs. 0.9%, p < 0.001; 7.2% vs.
1.7, p < 0.001, respectively). Difficult intubation was statistically significant more in Control Group (5.6%
vs. 0.9%, p = 0.004). There was a statistically significant difference in the incidence of intraoperative de-
saturation and hypotension during induction of anesthesia between the study and Control Group (9.8%
vs. 2.1%, p < 0.001; 14.5% vs. 2.1, p < 0.001, respectively). There was statistically significant difference
between the study and control group in minor complication according Clavien-Dindo classification,
(20.8% vs.5.1%, p < 0.001).

Conclusion Obesity is associated with higher number of comorbidities and intraoperative complica-
tions. There was no statistically difference in major postoperative complications between bariatric and
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non-bariatric patients.
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INTRODUCTION

According to the definition of the World Health
Organization, obesity represents “abnormal
or excessive fat accumulation that presents a
health risk” [1]. Obesity is defined by a body
mass index (BMI). BMI between 25 and 29.9
kg/m? defines overweight, while BMI over
30 kg/m? considers obesity [1, 2]. Obesity or
overweight status affects about 60% of the
adult population. Also, one in three children
is obese. Overall, obesity has been identified
as the fourth-leading cause of noncommuni-
cable diseases [1]. In 2019, 20.8% of the popula-
tion over the age of 15 was obese in Serbia [3].
Comorbidities such as cardiovascular disease,
type 2 diabetes, rheumatoid arthritis, major de-
pressive illness, polycystic ovarian syndrome,
asthma, and obstructive sleep apnea (OSA) are
more likely in obese patients [2, 4, 5, 6].

The metabolic, anatomical, and physiologi-
cal aspects of obese patients make induction
and maintenance of anesthesia challenging
[7, 8]. Obese patients often have upper airway
obstruction, decreased lung capacities and

compliance, higher respiratory exertion, and
impaired gas exchange. Respiratory patho-
physiology is altered [7, 8]. Difficult ventila-
tion and intubation are expected during an-
esthesia induction for bariatric surgery [8, 9].
Determining the dose of the anesthetic drugs
in obese patients may be particularly challeng-
ing. Lipophilic drugs such as propofol, barbi-
turates, and benzodiazepines characterize high
volume of distribution. To achieve adequate se-
rum concentrations, larger loading doses are
needed, therefore doses are calculated based
on total body weight (TBW). For anesthesia
maintenance, dosing these medications should
be calculated based on the ideal body weight
(IBW) or lean body weight (LBW). Loading
succinylcholine dose is calculated based on
TBW. Nondepolarizing muscle relaxants dose
is calculated based on IBW as in non-obese pa-
tients. Fentanyl, sufentanil, alfentanil should be
estimated based on LBW, whereas remifentanil
on IBW [8, 10].

Obese patients are at greater risk of develop-
ing postoperative complications. Wound infec-
tion, intra-abdominal infection, bowel injury,
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myocardial and other major complications are more com-
mon in these patients [11]. An adequate preoperative as-
sessment is mandatory as optimal intraoperative anesthetic
management and postoperative care to prevent postopera-
tive complications after bariatric surgery [7, 8, 12].

We hypothesized that obese patients have higher preva-
lence of comorbidities, and are more prone to postopera-
tive complications.

The objectives of this study was to examine the preva-
lence of comorbidities in patients undergoing bariatric
surgery compared to patients undergoing elective chole-
cystectomy. Also, we analyzed the choices of the anesthesia
techniques in bariatric and elective surgery, the incidence
of intraoperative and postoperative complications between
bariatric and non-bariatric patients.

METHODS

This retrospective study included 469 patients, scheduled
for bariatric surgery or elective cholecystectomy at the
Hospital for Digestive Surgery, University Clinical Center
of Serbia, during the period from June, 2011 to November,
2022. This study was approved by the ethics committee of
the University Clinical Center of Serbia, protocol number
(661/2).

Obese patients with a BMI > 30 undergoing bariatric
surgery were included in the study group (SG). The con-
trol group (CG) included patients admitted to the hospital
for an elective laparoscopic cholecystectomy procedure
and scheduled for surgery on the same day as SG. The
preoperative interdisciplinary team of specialists decided
about eligibility of the patients for bariatric surgery. This
interdisciplinary health care team included an anesthesi-
ologist, surgeon, pulmonologist (a spirometry report was
mandatory), cardiologist (an ergospirometry was man-
datory), psychiatrist, endocrinologist, and for women, a
gynecologist. A cardiological examination with electrocar-
diogram (ECG) and chest X-ray not older than one month
were obligatory before cholecystectomy in CG. Laboratory
panel testing (complete blood count, biochemical, and
coagulation analyses) within 14 days before surgery was
mandatory in both groups. All patients in both groups
received antibiotic prophylaxis (cephazolin) 30 minutes
before the operation. Low molecular weight heparin for
deep vein thrombosis prophylaxis was administered two
hours before surgery. In the present study, hypertension,
cardiac arrhythmias, coronary heart disease, hyperlipid-
emia (HLP), diabetes mellitus (DM) type 1 or 2, chronic
obstructive pulmonary disease (COPD), obstructive hy-
poventilation syndrome or OSA, epilepsy, anemia, vari-
cose veins of lower extremities were recorded. The other
comorbidities were listed as additional comorbidities. The
American Society of Anesthesiologists (ASA) status was
used to rated patients conditions.

Difficult intubation was recorded according to defini-
tion from the latest the Difficult Airway Society guidelines
[13]. All analyzed data were obtained from medical records
of patients.
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Premedication with benzodiazepines was not routinely
used. Before induction of anesthesia, preoxygenation was
performed in all patients. Anesthesia techniques — balanced
anesthesia (BA), total intravenous anesthesia (TIVA) or
target control infusion anesthesia (TCI) was chosen by
attending anesthesiologist. Induction of BA was achieved
with propofol 1.5-2 mg/kg according to TBW and fentanyl
2-4 mcg/kg LBW. For anesthesia maintenance sevoflurane
was used, with minimal alveolar concentration 0.8-1.2
Vol% based on the patient’s age. Analgesia was achieved
with fentanyl 50-200 mcg/h as an intermittent intravenous
bolus according to patient comfort. For TIVA, propofol
was used 10-16 mg/kg/h according to TBW and remifen-
tanil 0.25-1 mcg/kg/min according to IBW for induction.
During maintenance of anesthesia, propofol was used 4-6
mg/kg/h of LBW and remifentanil 0.2-0.5 mcg/kg/min of
IBW. In case of using TCI, Marsh or Schneider model was
used with target concentrations of propofol 6-8 mcg/ml
according to TBW or LBW, respectively for induction of
anesthesia. Maintenance anesthesia doses were 2-4 mcg/ml
of LBW. Remifentanil (target effect site) was used in the
range 6-10 ng/ml according to IBW for analgesia. In both
intravenous techniques the breathing mixture was a com-
bination of oxygen and air. During induction, for laryn-
goscopy and intubation, succinylcholine was used in dose
of 1-1.2 mg/kg according to TBW, or rocuronium in dose
of 0.6-1.2 mg/kg according to IBW in all patients. For
maintenance neuromuscular blockade rocuronium was
used in all anesthesia techniques in dose of 0.3 mg/kg IBW.
Reversal of the neuromuscular blockade was performed
with neostigmine/atropine or sugammadex in all patients,
depending on the attending anesthesiologist.

Intraoperative monitoring [heart rate (HR), ECG, non-
invasive blood pressure, peripheral saturation of oxygen
(Sp0O,) and end-tidal CO, concentration] was performed
in all patients from both groups. In patients in SG, two pe-
ripheral venous lines were placed, while in CG one periph-
eral venous line was placed. Urinary catheter was inserted
and hourly urine output was monitoring in SG. Bispectral
Index™ (BIS™ Medtronic, Minneapolis, MN, USA) was used
for TIVA or TCL

In all patients, trachea was extubated at the end of
surgery. After the extubation, the majority of patients
were transferred to the department after staying for one
hour in the recovery room. Patients who required non-
invasive mechanical ventilation following surgery were
admitted to the intensive care unit (ICU) and stayed over-
night. Postoperative multimodal analgesia was achieved
with nonsteroid anti-inflammatory drugs, paracetamol
and metamizole. If a patient needed additional analgesia,
tramadol or morphine were administered intravenous-
ly. Intraoperative and postoperative complications were
recorded in patient’s medical records. Bronchospasm,
pneumothorax, desaturation (defined as SpO, < 90%),
hypotension (defined as systolic pressure < 90 mmHg),
hypertension (defined as > 20% of initial arterial pressure),
bradycardia (defined as HR < 50 per minute), tachycardia
(defined as HR > 100 per minute), and cardiac arrhythmia
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were defined as intraoperative complications and were re-
ported in anesthesia records.

Postoperative complications were registered and catego-
rized according to the Clavien-Dindo (CD) classification
of surgical complications [14]. Minor complications were
defined as CD grade I and II, major complications were
defined as CD grade IIT and IV.

Statistical analysis was performed in IBM SPSS Statistics
for Windows, Version 28.0. (IBM Corp. Armonk, NY,
USA). Data were collected from medical and anesthesia re-
cords of patients. Data were described and analyzed using
descriptive statistics, mean and standard deviation for con-
tinuous variables and counts and percentages for categori-
cal variables. For clinical outcomes, for categorical vari-
ables X test or Fisher’s exact test was used. For parametric
variables, Student’s t-test was used. For non-parametric test
Mann-Whitney test was performed. Statistical significance
was calculated at level of significance of p < 0.05.

RESULTS

Of the total number of patients (469), SG included 235
of patients, while in CG were 234 patients. There was a
statistically significant difference in the BMI between
SG and CG (44.9 + 6.2 vs. 27.5 £ 4.6, p < 0.001) (Table
1). In CG, 26% of patients had BMI > 30 kg/m?. There
was a statically significant difference in the age, younger
patients were in SG (40.75 £ 9.9 vs. 48 + 13.6, p < 0.001)
(Table 1). There was a statistically significant difference in
the ASA status between groups (p < 0.001), patients in SG
were rated with higher ASA status (Table 1). More comor-
bidities were reported in the study than in CG (84.6% vs.
63.2%, p < 0.001) (Table 2). There was statistically signifi-
cant difference in prevalence of HTA, DM and COPD in
SG (55.8% vs. 39.3%, p < 0.001; 58% vs. 12.8%, p < 0.001;
and 19% vs. 7.7%, p < 0.001, respectively (Table 2). More
cardiac arrhythmia was detected in CG (2.6 % vs. 6.8%,
p = 0.047), and additional comorbidity was more verified
in SG (38.1% vs. 25.6%, p = 0.005) (Table 2). Premedication
was more delivered in the study compared to CG (70.6%
vs.33.9%, p < 0.001) (Table 3). There was statistically sig-
nificant difference in using succinylcholine for intubation
between the study and CG (87.5% vs. 71.7%, p < 0.001)
(Table 3). Also, there was statistically significant difference
in using TIVA and TCI between study and CG (74% vs.
1.1%, p < 0.001; 7.2% vs. 1.7%, p = 0.004) (Table 3). BA was
the technique of choice in CG, and was statistically more
performed (97.7% vs. 11.9, p < 0.001) (Table 3). The rever-
sion of neuromuscular blockade was used in both groups,
statistically significantly more often used in SG difference
(99.1% vs. 96.2%, p = 0.032) (Table 3).

For neuromuscular reversion, sugammadex was used
more in SG (82.8% vs. 0.4%, p < 0.001) (Table 3). There
was no statistically significant difference in the occur-
rence in the total number of intraoperative complica-
tions between study and CG (42.6% vs. 43.2%, p = 0.894)
(Table 4). Difficult intubation was more documented in
CG in compare to SG (0.9% vs. 5.6%, p = 0.004) (Table 4).

‘ DOI: https://doi.org/10.2298/SARH240416055P
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Table 1. Demographic characteristics of patients

Study group | Control group .

Parameters (n = 235) (n = 234) p-value
Sex, female, n (%) 162 (68.9) 145 (62.2) 0.127**
Age, mean = SD 40.75+9.9 48 +13.6 <0.001*
BMI (kg/mz), mean+SD| 449 + 6.2 275 + 46 <0.001*
Body weight (kg), 138 + 67 | 8304 + 1.1 | <0.001*
mean + SD
ASA status
ASA 1, n (%) 2(0.9) 72 (30.8)
ASA 2, n (%) 177 (76) 148 (63.2)

<0.001**
ASA 3, n (%) 53(22.7) 14 (6)
ASA 4, n (%) 1(0.4) 0(0)

*Student’s t-test, ** Pearson’s x’ test, p < 0.05 statistically significant difference
BMI - body mass index; ASA status — American Society of Anesthesiologists
status

Table 2. Comorbidities

Study Control
Parameters group group p-value
(n=235) | (n=234)
Overall comorbidities, n (%) 198 (84.6) | 148 (63.2) | <0.001*
Hypertension, n (%) 130(55.8) | 92(39.3) | <0.001*
DM (type 1 or 2), n (%) 134 (58) 30(12.8) | <0.001*
Cardiac arrhythmia, n (%) 6(2.6) 16 (6.8) 0.047*
HLP, n (%) 27 (12.6) 20 (8.5) 0.160*
CHD, n (%) 5(2.2) 8(3.4) 0.408*
Epilepsy, n (%) 3(1.3) 3(1.3) 0.992%*
COPD, n (%) 44 (19) 18 (7.7) <0.001*
Anemia, no (%) 5(2.2) 5(2.1) 0.989*
\e/it';‘;?ii‘é‘:r;s(ﬁ’/;the lower 13(56) | 12(5.1) | 0.840*
OSA, n (%) 10 (4.3) 3(1.3) 0.053**
Additional comorbidity, n (%) 88(38.1) 60 (25.6) 0.005*

*Pearson’s x* test, **Fisher’s exact test, p < 0.05 statistically significant
difference

DM - diabetes mellitus; HLP - hyperlipidemia; CHD - chronic heart disease;
COPD - chronic obstructive pulmonary disease; OSA - obstructive sleep
apnea

Table 3. Anesthesia techniques

Study Control
Anesthesia techniques group group p-value
n=235 n=234
Premedication, n (%) 166 (70.6) 79 (33.9) <0.001*
Neuromuscular relaxant for intubation
Succinylcholine, n (%) 203 (87.5) 167 (71.7)
Rocuronium, n (%) 27 (11.6) 62 (26.6) <0.001*
Cisatracurium, n (%) 2(0.9) 4(1.7)
TIVA, n (%) 174 (74) 2(1.1) < 0.001%**
TCl, n (%) 17 (7.2) 4(1.7) 0.004**
BA, n (%) 28(11.9) 229(97.7) <0.001*
Efgf&;'{;’: ;‘T;)r)omusc“'a' 233(99.1) | 225(96.2) | 0.032*
Neostigmine, n (%) 40(17.2) 221(98.7)
Sugammadex, n (%) 193 (82.8) 1(0.4) <0.007*
ootimie ity | 00 | 209

*Pearson’s X test, **Fisher’s exact test, p < 0.05 statistically significant
difference

TIVA - total intravenous anesthesia; TCl - target-controlled infusion;
BA - balance anesthesia
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Table 4. Intraoperative complications

Parameters Study group Control
h =235 group p-value
n=234
Total complications, n (%) 100 (42.6) 101 (43.2) 0.894*
Difficult intubation, n (%) 2(0.9) 13 (5.6) 0.004**
Bronchospasm, n (%) 3(1.3) 3(1.3) 0.999**
Pneumothorax, n (%) 2(0.9) 0(0) 0.49%*
Desaturation, n (%) 23(9.8) 5(2.1) <0.001*
Hypotension, n (%) 34 (14.5) 5(2.1) <0.001*
Hypertension, n (%) 49 (20) 67 (28.6) 0.055*
Bradycardia, n (%) 20 (8.5) 19 (8.1) 0.999*
Tachycardia, n (%) 19(8.1) 39(16.7) 0.005*
Cardiac arrhythmia, n (%) 0(0) 2(0.9) 0.248 **

*Pearson’s X’ test, **Fisher’s exact test, p < 0.05 statistically significant differ-
ence

Table 5. Postoperative complications according Clavien-Dindo clas-

sification
Study Control
Clavien-Dindo classification group group p-value
n=235 n=234
Grade |, n (%) 43 (18.3) 11 (4.7) <0.001*
Grade Il, n (%) 6(2.6) 1(0.4) 0.13%*
Grade llla, n (%) 0(0) 0(0) 0.999%*
Grade lllb, n (%) 1(0.4) 0(0) 0.988**
Grade IV (a and b), n (%) 0(0) 0(0) 0.999**
GradeV, n (%) 0(0) 0(0) 0.999%*
Minor complications, n (%) # | 49 (20.8) 12 (5.1) <0.001*
Major complications, n (%) # 1(0.4) 0(0) 0.999**

*Pearson'’s X’ test, **Fisher’s exact test, p < 0.05 statistically significant
difference

#Minor complications - Clavien-Dindo grade | and II; #Major complications —
Clavien-Dindo grade lll, IVand V

Incidence of intraoperative desaturation occurred sig-
nificantly more in the study than in CG (9.8% vs. 2.1%,
p <0.001) (Table 4). Hypotension episodes was statistically
significant more documented in study compared to CG
(14.5% vs. 2.1%, p < 0.001) (Table 4). There was statistical
significance in occurrence of tachycardia between study
and CG, more tachycardia was registered in CG (8.1% vs.
16.7%, p = 0.005) (Table 4). Postoperative complications
according CD classification gradus I was significantly more
documented in the study compared to CG (18.3% vs. 4.7%,
p < 0.001). There was statistically significant difference
in occurrence of minor postoperative complications (CD
grade I and IT) between the study and CG (Table 5).

DISCUSSION

Obesity is a chronic disease of the modern age. Obesity
itself is already a severe condition and patients often have
two or more comorbidities [2, 5, 6]. In the present study,
more comorbidities were reported in obese patients than in
patients for elective cholecystectomy. TIVA and TCI were
the most common choice in bariatric patients. There were
statistically significant more minor postoperative compli-
cations in SG.

In SG, average BMI was 44.9 kg/m?, the mean age was
40 and 68.9% of patients were female which is in agreement
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with results from The International Federation for the
Surgery of Obesity and Metabolic Disorders (IFSO) and
in the research of the North-Western Europe countries.
IFSO and North-Western Europe countries reported that
bariatric patients have an average BMI 40-45 kg/m?, are
in their forties with the majority of patients being female
[11, 15].

According to the results of the National Institute for
Public Health in Serbia, 20.8% of the general population
is obese [3]. In CG, 26% patients were obese. It seems that
a significant number of obese patients are going for the
elective surgery daily.

Comorbidity frequency in bariatric patients varies sig-
nificantly among countries, according to the population
studies including hypertension (up to 83.2%), HLP (up to
82.1%), DMT?2 (up to 47.4%), and musculoskeletal pain
(43.7%) [11, 15, 16, 17]. In this study, bariatric patients
suffered from hypertension (55.8%), DMT2 (58%), and
HLP (12.6%). The IFSO reported a large variation of the
OSA incidence from 49.5% in Canada, Ontario to the
lowest rates in Russia (2.7%), and 40% in UK [15, 18]. In
the current study, OSA was found in 4.3% patients. The
reason for a large disparity in the OSA incidence between
observed centers may be found that experts conducting
polysomnography studies are needed [15]. COPD was
documented in 19% of patients in SG with a statistical
difference compared to CG. Verberne et al. [6] reported
that one third of patients presenting with COPD have an
average BMI of 33.7 kg/m?. There was a statistically sig-
nificant difference between the ASA status in study and
CG. The majority of patients were rated with ASA score >
2 in SG, while in CG the most of patients were rated with
ASA status 1. According to literature, regardless whether
obese patients have comorbidities, they will be rated with
a higher ASA status. Patients with a BMI between 30 and
40 will be rated with ASA status 2, and for BMI over 40
with ASA status 3 [19].

The choice of anesthesia technique in obese patients
depends of the excessive volume of distribution. These
patients are often under- or over-dosed with anesthetic
drugs [10, 20].

TIVA and TCI with current pharmacokinetic models
represent safe and precise anesthetic techniques, but defi-
nitely necessary combustible dose titration in obese pa-
tients. The use of BIS monitoring is mandatory, but clinical
effects are also important [20, 21]. In the present study,
TIVA and TCI with mandatory BIS monitoring were used
significantly more often during bariatric surgery compared
to cholecystectomy, where BA was used more frequently.
Research shows that opioid-free anesthesia in bariatric
surgery is also a safe technique [22].

A difficult intubation is expected in bariatric patients.
De Jong et al. [23] showed that succinylcholine was the
most common choice for muscle relaxation for intubation
in the ICU (in 70% of cases), while in the operating room
succinylcholine was used in only 19% of obese patients.
For intubation, atracurium and cisatracurium were the
main choice in 73% of patients, whereas rocuronium was
used in only 1% of patients in the operating room, and
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11% of patients in the ICU [23]. The frequency of difficult
intubations in obese patients was 8.2% in the operating
room and 16.3% in the ICU [23]. In our study, difficult
intubation was observed only in 0.9% of patients in SG,
in contrast to 5.6% patients in CG. This may be explained
by the fact that we expected a difficult intubation in SG,
and the anesthesiologist was prepared for it. Every patient
in SG was positioned according to the recommendations
(rapid airway management positioner).

During the induction of anesthesia, the main compli-
cation was desaturation — 9.8% in SG compared to 2.1%
in CG. De Jong et al. [23] reported severe hypoxemia in
ICU obese patients (50%), while in the operating theatre
no severe hypoxemia was occurred [24]. In our study, all
desaturations during apnea time were lasting less than 90
seconds in both groups and did not affect patient’s safety.
Reduced oxygen reserve due to lung restriction is the
reason for desaturation during apnea time. An adequate
patient positioning and nasopharyngeal insufflation of
oxygen during the apnea period is sufficient to prevent
desaturation in almost 100% of morbid obese patients [25].
In the present study, only in morbid obese patients with
BMI > 55 nasopharyngeal insufflation of oxygen was used
during the apnea period.

The literature data favor the reversion of the complete
neuromuscular blockade [7, 12, 26]. Gaszynski et al. [26]
showed the benefit of using sugammadex, the train-of-
four ratio was 3.5 times faster, than in the group receiving
neostigmine for decurarization [26]. In our study, 82.8%
of patients in SG received sugammadex in compared 0.4%
of patients in CG for faster and safer reversal of neuro-
muscular block.

According to a multinational study of North-Western
European countries, complications after bariatric
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AHanu3a KomopbuauTeTa U TeXHUKe aHecTe3nje Koa, nauujeHarta Ha 6apujaTpujckoj
XUPYPruju y YHUBEP3UTETCKOM KNMHUYKOM LeHTpY Cpbuje

WBaH Mannbpk'>*, Mapuja Hykanosuh'**, Maja MakcumoBuh-MaHauh**, bojaHa Murbkosuh?, [ly6paska hoposuh?,

JeneHa Bennukosuh'?

'YHusep3utet y Beorpagy, MeguumHcku dakyntet, beorpag, Cpbuja;

YHnBep3uUTeTCKI KNUHUYKM LieHTap Cpbuje, LieHTap 3a aHecTe3nonorujy u peaHumatonorujy, beorpag, Cpbuja;

*Hocurouu paga, Koju Cy ganu jeaHak 4ONpUHOC pagy

CAMETAK

YBoa/Lwm Vi3merseHa pusnonoruja v metabonrsam rojasHmx
nauujeHaTa npefcTaB/bajy 13a30B 3a aHecTe3nonora. Liumbesn
OBOra paja Cy UCMUTUBaHE y4YecTanocTy KoMmopbuanteTa, Tuna
aHecTesuje, y4ecTanocT MHTpaonepaTnBHUX 1 noctonepa-
TVBHUX KOMMNAMUKaLMja KOA nauyjeHata Koju Cy NoABPrHy T/
6apujaTpujcKoj XMPYPrujy 1 NauujeHaTa Kojuma je yunkeHa
e/leKTUBHa XONleLMcTeKTOMMja.

Metoae OBa peTpocneKTviBHa CTyauja je obyxBaTinia 469 na-
LpjeHaTta. icnutrneaHa rpyna yk/byumBana je rojasHe nauuyjeHTe
Ca MHAEKCoM TenecHe mace = 30. KOHTPOJTHY rpyny Cy YHUAN
NaunjeHTy 3a eNeKTVBHY 1anapoCKONCKY XONeLncTeKToMujy
orepricaHN NCTOT JaHa Kafa 1 bapurjaTpujcku.

Pesyntatm MicnntmBaHa rpyna je yk/byunna 235 nauujeHara,
[IOK je KOHTpOJIHa rpyna obyxBaTuna 234 nauujeHTa. YuecTa-
NoCT KoMopbuamTeTa 6Una je CTaTUCTUYKK 3HayajHo Beha y
NCNUTUBAHOj Y OAHOCY Ha KOHTPOJHY rpyny (84,6% 1 63,2%,
p < 0,001). MocTojana je CTaTUCTUYKM 3HAYajHa pa3fvKa y aHe-
CTe3MONOLIKOj TEXHULW — TOTaNHa UHTPaBEHCKa aHecTe3nja n
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aHecTe3uja LbaHO KOHTPONMCAHOM UHY31joM BULLE CY NpK-
MetbMBaHe y NCNUTMBaHOj rpynu (74% Hacnpam 0,9%, p < 0,001;
7,2% Hacnipam 1,7, p < 0,001). Bpoj oTexkaHux nHTy6auuja je 6uo
CTaTVCTUYKM 3HauYajHO BeMM y KOHTPOMHO] rpynu (5,6% Hacnpam
0,9%, p = 0,004). MocTojana je CTaTUCTUYKM 3HaYajHa pa3nukay
VHUMAeHUM AecaTypaLiuje 1 X1NnoTeH3mje TOKOM YBOAa y aHec-
Te3ujy — oBe KomnavKaLuje cy bune yelwhe y NCnuTBaHoj y op-
HOCY Ha KOHTposHY rpyny (9,8% Hacnpam 2,1%, p < 0,001; 14,5%
Hacnpam 2,1, p < 0,001). MocTojana je CTaTUCTUYKM 3HaYajHa pa-
37MKa Y MHUUAEHLM Manmnx KOMMvKaLwja nsmehy ncnmtrisaHe
1 KOHTPOJIHe rpyne npema Knacudukaumjy KnasmjeH-JuHpo
(20,8% Hacnpam 5,1%, p < 0,001).

3aKksbyyak [0ja3HOCT je NoBe3aHa ca 6PojHM KoMopbUANUTETU-
Ma 1 BULLOM NHLAEHLIOM UHTPaonepaTuBHUX KOMNAMKaLmja.
YnpKoc TOMe, He NOCTOj1 CTaTUCTUYKI 3HayajHa pa3niKa y Be-
NIVKMM MOCTONEePaTMBHUM KOMMKaLvjama n3mehy ose ase
rpyne onepucaHux 6onecHvika.

KrbyuHe peuu: rojasHocT; 6apujaTpujcka xupypruja; kKomopou-
BUTETU; HAEKC TenecHe mace
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SUMMARY

Introduction/Objective Breech presentation occurs in 3-4% singleton pregnancies at term and its
management is still a controversial in obstetric practice.

The aim of this study was to determine the factors that indicate breech delivery management and
to compare maternal and neonatal outcomes in vaginal breech delivery, planned Cesarean section
(C-section) and emergency C-section at the Hospital for Gynecology and Obstetrics of the Zemun Clinical
Hospital Centre.

Methods This was a retrospective study conducted from 2015 to 2019. Depending on the mode of
delivery, patients were divided in three group. In this study, we have analyzed maternal risk factors and
postpartum complications, delivery details and neonatal characteristics and outcomes.

Results The study included 176 women with singleton fetus in breech presentation. The incidence of
breech deliveries was 2.12%. Most common way of delivery was vaginal with 47.72%. In all three groups,
the majority of women were primiparous, at term, mostly without chronical and gestational diseases.
Vaginal delivery was stimulated with oxytocin in 91.67%, and as a help for delivery various maneuvers
were used. Maternal mortality and short-term complications during hospitalization period were reported
in none of the groups. No significant difference in newborns birth weight between the groups was
observed. The highest rate of birth injuries was in newborns from emergency C-section - 10%.
Conclusion The results of our study have shown that vaginal delivery could be a very safe option for
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both mother and newborn.

Keywords: breech presentation; vaginal delivery; cesarean section

INTRODUCTION

Breech presentation is defined as fetal presenta-
tion with the buttocks and/or feet entering the
pelvis first, instead of the head. The incidence of
breech presentation decreases with gestational
age and it occurs in 3-4% singleton pregnancies
at term [1]. Depending on the position of the
fetal legs, there are three main types of this pre-
sentation: Frank breech, complete breech, and
incomplete breech. The type of breech presenta-
tion has an impact on the course of labor and
possible complications. There are several risk
factors that prevent spontaneous positioning of
the fetus to cephalic presentation and contrib-
ute to the occurrence of the breech presentation
those included multiparity, uterine malforma-
tions, placenta previa, prematurity, excessive
amniotic fluid volume, macrosomia, fetal anom-
aly, previous breech presentation, fetal asphyxia,
maternal anticonvulsant therapy, older maternal
age [2]. The diagnosis of breech presentation is
based on physical examination and ultrasound
scan and it should include detailed informa-
tion about the type of presentation, fetal head
position, estimated fetal weight, amniotic fluid
index, in order to make decision about the de-
livery management. Due to increased incidence
of perinatal, neonatal and maternal morbidity
and mortality compared to delivery in cephalic

presentation, breech presentation and delivery
are marked as high risk [3].

Over the years the management of breech de-
livery, vaginal or cesarean section (C-section),
has caused many controversies in obstetric
practice. After the publication of the Term
Breech Trial in 2000, in most countries the rate
of vaginal breech delivery has significantly de-
creased and the cesarean birth is the preferred
approach [1]. Recently, global concern about the
high rate of C-section worldwide had an impact
on rethinking of breech delivery management.
Many international organizations and federa-
tions, including The International Federation of
Gynecology and Obstetrics, the Royal College of
Obstetricians and Gynecologists, and the Society
of Obstetricians and Gynecologists of Canada
support the vaginal breech birth [1].

The aim of this study was to determine the
factors that indicate breech delivery manage-
ment and to compare maternal and neonatal
outcomes in vaginal breech delivery, planned
C-section and emergency C-section.

METHODS

We conducted a retrospective clinical study
that included women with a diagnosis of
breech presentation, who were delivered at the
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Hospital for Gynecology and Obstetrics, Zemun Clinical
Hospital Centre from the January 1, 2015 to December
31, 2019. The study excluded women who had multiple
gestation, intrauterine death, and those with incomplete
medical data. For data collection we used birth protocols
and data from computer database. All procedures in the
study were following the principles of the Declaration of
Helsinki. The study was approved by Ethical committee of
Zemun Clinical Hospital Center on March 21, 2023, with
approval number 12/1.

Depending on the route of delivery patients were di-
vided in three groups: vaginal delivery, planned C-section,
and emergency C-section. Indications for C-section were
absolute and relative defined by Association of Scientific
Medical Societies in Germany [4]. Absolute indications
were absolute disproportion, chorioamnionitis, maternal
pelvic deformity, eclampsia and HELLP syndrome, fetal as-
phyxia, umbilical cord prolapse, placenta previa, abnormal
lie and presentation and uterine rupture. Relative indica-
tions included pathological cardiotocography, failure to
progress labor and previous C-section [4].

In each of the groups the following characteristics were
recorded and analyzed:

1. maternal characteristics: age, parity, mode of con-
ception, mother’s medical history and associated
diseases;

2. delivery details: spontaneous or stimulated with
oxytocin, use of peridural analgesia, total duration
of labor, prelabor rupture of membrane (PROM),
maneuvers in vaginal breech delivery, episiotomy
and perineal tear;

3. neonatal characteristics and outcomes: gestational
age at birth, birth weight, length, head circumference,
umbilical cord wrapped around the neck, 1*t and 5%
minute Apgar score, fetal complications as clavicle
fracture, long bones fracture, brachial plexus injury,
intracranial bleeding and need for intensive care unit;

4. Maternal postpartum complications: severe hem-
orrhage immediately postpartum, thrombosis, em-
bolism, complications due to pre-existing disease,
infections (wound infection, urinary infection and
endometriosis) and incontinence.

Obtained study data were analyzed statistically using
the IBM SPSS Statistics for Windows, Version 22.0 (IBM
Corp., Armonk, NY, USA). The categorical variables were
stated as frequencies and percentages and quantitative vari-
ables as mean and standard deviation. ANOVA was used
for comparation of numerical variables between followed
groups. A two-sided p-value < 0.05 was defined as statisti-
cally significant. The results are presented in the tables.

RESULTS

Study included 176 women with singleton pregnancy, with
fetus in breech presentation, who gave birth at the Hospital
for Gynecology and Obstetrics, Zemun Clinical Centre in
the observed five-year-period. The total number of deliver-
ies over the study period was 8291, with an incidence of
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2.12% of breech deliveries. Depending on the mode of de-
livery, patients were divided in three groups. First group in-
cluded 84 women (47.72%) with breech presentation who
had vaginal delivery, both spontaneously and stimulated
with oxytocin. Second group included 42 women (23.86%)
with breech presentation who had had elective C-section.
Third group included 50 women (28.42%) breech presenta-
tion who had an emergency C-section.

Mean age of women in study was 30.79 £ 5.59 years,
with age range 17-45 years. Using ANOVA, it was deter-
mined that age does not affect significantly the type of de-
livery (p = 1.477) (Table 1). In all three group the majority
of them were primiparous women with 39 of them (46.4%)
in the first group, 25 (59.5%) in the second and 36 (72%)
in the third group (Table 1). The number of women with
second pregnancy in the first group was 26 (31%), in the
second group 12 (28.6%) and 10 (20%) in the last group,
while the number of the multiparous women, with three
and more pregnancies was decreasing between groups - 18
in group 1 (21.4%), five (11.9%) in group 2, and four in
group 3 (8%). Common for all three groups was that the
pregnancy has occurred spontaneously. In terms of mater-
nal comorbidities, in the first group none of the women
suffered from any chronic or gestational disease. In the
second group, diseases were reported in five women — two
women had gestational diabetes, two gestational hyperten-
sion, and one myopia and hypothyroidism in pregnancy. In
the third group, gestational diseases were reported in five
women - two preeclampsia, two gestational hypertension,
and one gestational diabetes (Table 1).

At the time of delivery almost all women were at term
172 (97.7%). Women who gave birth vaginally were av-
erage at 38.75 + 1.1 gestational week and there were two
women in this group who were preterm, both 35 weeks.
In the planned C-section group, the average gestation was
39.17 + 1.1 weeks and there were not preterm births, but
there were six post-term — 41 weeks. In the emergency The
average gestation in C-section group was 38.9 + 1.16 weeks,
there were two preterm deliveries at 36 weeks, and four
post term at 41 weeks (Table 1). The gestational age did
not affect the way of ending childbirth (ANOVA, p = 1.93).

In the vaginal delivery group, in 80 women labor started
spontaneously, two were hospitalized due to PROM, one
was diagnosed with a partial placental abruption and one
with an intrauterine growth restriction (IUGR) (Table 1).
Vaginal delivery was mostly stimulated with oxytocin in
77 women (91.67%), and in seven women labor occurred
natural without stimulation in those who were all multip-
ara and came to the hospital with the cervical dilatation
more than 6 centimeters. Only two women had a peridural
analgesia. For completing delivery, manual assistance was
used and in most cases by Bracht in 70 women (83.3%), 12
(14.3%) Mauriceau-Smellie-Veit and two (2.4%) Miiller.
Episiotomy was performed in 68 women (80.95%) and two
of them had the first-degree perineum tear and one cervical
rupture. Only first-degree perineum tear was reported in
four women (4.75%). Due to an adherent placenta in one
women manual exploration of uterine cavity was performed
(Table 2). There were no cases of instrumental deliveries,
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Table 1. Birth characteristics of mother and fetus by group

Parameters Vaginal PIanngd Emerge.ncy
delivery C-section | C-section
Percent of delivered women 47.2% 23.86% 28.42%
Median age 303+£5.35 | 33.2+545 | 29.6+5.6
Primiparous women 46.4% 59.5% 72%
Full term 97.6% 85.7% 90%
Chronic disease or gestosis 0 14.2% 10%
Prelabor rupture of membrane 2.38% 0 62%
Fetal macrosomia 3.57% 14.3% 0
Previous uterine operation 0 21.4% 9.7%
Maternal mortality 0 0 0
complcstions 0 0 0
Fetal weight 3077859 356249 31159
Fetal length 51.65cm 53cm 51.6cm
Fetal head circumference 34.75cm 36.4cm 35cm
APGAR score 1'/5 9/10 9/10 9/10
cN:r\:s;i)crgtsi:::h injuries and 4% 0 10%
Table 2. Details of vaginal delivery
P . Stimulateo! Spont.aneous
with oxytocin delivery
Number of deliveries 77 7
Prelabor rupture of membrane 2 0
Bracht manual assistance 64 6
Mayriceau—SmeIIie—Veit manual 1 1
assistance
Muller manual assistance 2 0
Episiotomy 67 1
First-degree perineal tear 5 1
Manual revision of uterine cavity 0

instrumental revision of uterine cavity, and perineal tear
degree IIT and IV. The average time of total labor duration
was three hours and 45 minutes. During hospitalization
period, women who had vaginal delivery, did not had any
short-term complications such as postpartum hemorrhage,
infection, thromboembolic or other complications (Table 1).
In the group of women who had elective C-section in-
dications were: nine (21.4%) had a previous operation on
the uterus i.e., a previous c-section i.e., a myomectomy,
six (14.3%) had fetal macrosomia, six (14.3%) post term
pregnancy, five (11.9%) cephalopelvic disproportion, five
(9.5%) uterine myomas, five (9.5%) oligohydramnios, five
(9.5 %) advanced maternal age and in one intervertebral disc
operation (Table 1). Mean duration of labor in this group
was 45 minutes. In women who had undergone an elective
C-section, maternal mortality and complications in postop-
erative hospitalization period were not reported (Table 1).
Speaking about an emergency C-section, indication
we divided in two subgroups. First subgroup, 19 of them
(38%), were the ones whose labor started spontaneously as
a vaginal delivery stimulated with oxytocin, and afterwards
due to stasis, in dilatation phase in 14 and threatened fe-
tal asphyxia in five, thus operative management of labor
was necessary. For the rest, 31 women with emergency
C-section indications were:
1. in 13 women with PROM associated with other con-
ditions such as: five threatened fetal asphyxia, three

‘ DOI: https://doi.org/10.2298/SARH230703051T
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had previous uterine operation, three IUGR, uterine
myomas, one preterm birth, and one had gestational
diabetes;

2. in seven oligohydramnios;

3. in three post-term pregnancy;

4. severe preeclampsia (Table 1).

Average labor duration in this group was one hour
and 26 minutes, because in some of the women the labor
started spontaneously. In this group, maternal mortality
and short-term complications during postoperative hos-
pitalization period were not reported (Table 1).

Results related to newborns showed that the average body
weight of babies from vaginal delivery were weight 3077.85
gr, length 51.65 cm and head circumference 34.75 cm,
in planned C-section it was 3562 gr, length 53 cm and head
circumference 36.4 cm and in newborns from the emer-
gency C-section weight was 3115 gr, length 51.6 cm and
head circumference 35 cm (Table 1). There was no statisti-
cally significant difference in newborns’ birth weight be-
tween the groups (p > 0.005). In all three groups the mean
APGAR score in first minute was 9 and in the fifth minute
it was 10 (Table 1). Although in one newborn from vaginal
birth APGAR score was 3/5, and in two newborns from
emergency C-section was 5/7, all of them had recovered
and were stable in the 10th minute of life. The umbilical
cord wrapped around the neck was noticed in 12 (14%)
of newborns from vaginal, in six (14.2%) from elective
C-section births, and in 11 (22%) of babies from emer-
gency C-section. Birth complications were present in three
newborns vaginal delivery group and they were perinatal
asphyxia and respiratory distress syndrome, intracranial
hemorrhage, and a clavicle fracture (Table 1). Neonatal
birth complications in emergency C-section group were
present in six (10%) babies and they were: respiratory dis-
tress syndrome in three newborns, brain infection, intracra-
nial hemorrhage, and paresis of brachial plexus (Table 1).

DISSCUSION

The incidence of breech deliveries over the five-year
observed study period was about 2-3%, which is in ac-
cordance with the incidence worldwide [1]. During the
last decades, overall rate of C-section has significantly
increased, which is followed by an increase number of
breech presentations escalating to C-section [5]. This has
led to the loss of familiarity with vaginal breech delivery
techniques and skills, especially in younger obstetricians,
leaving the C-section often as the only available option.
Today there is a global concern about high Caesarean
rates worldwide and an urge to return to traditional ob-
stetrics and vaginal delivery. Therefore, it is not surprising
that lately there is more support for performing vaginal
delivery in breech presentation. Nowadays, we have rec-
ommendations in this manner from the French College
of Gynecologists and Obstetricians and The American
College of Obstetricians and Gynecologists [6, 7].

The results of our study showed that almost a half of
women had a vaginal delivery (47.72%), which was similar
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to results of some authors from France and Belgium, where
the breech delivery was managed following strict protocols.
If we compare obtained results with other studies in Serbia,
an increased rate of C-section is noticed in a five-year-peri-
od [8, 9]. The number of women undergoing vaginal breech
delivery still remains high comparing to some other results
both from Europe and worldwide, where C-section rates
are as high as 70% and over [1, 6, 7, 10, 11]. Almost all
the women who had vaginal delivery were at term, healthy,
with estimated birth weight less than 4000 gr, so they had
no contraindications for vaginal delivery. In terms of parity,
primiparous women were the most numerous in all three
groups, but with the highest rate in emergency C-section
group. Nulliparity is considered as a risk factor for failed
vaginal labor and other authors also reported high rates in
C-section groups [12]. In this study, the majority of women
were stimulated with oxytocin, which other authors do not
report and we had a rare use of epidural analgesia which is
considered to be effective for women in vaginal birth [I,
2,13, 14]. Our patients did not go under labor induction,
which is one of the factors that adversely affects the outcome
of vaginal birth [2, 14]. Bracht's maneuver was used as a help
for delivery of the fetal head, while some other reported
Mauriceau-Smellie-Veit, which was present with less than
15% in our study [15]. The percentage of performed episi-
otomy was over 80%, which could be considered as high.
due to the opinion that it is something that should not be
done routinely, but the variable data are found in literature
[1, 14]. Nevertheless, in our study, there were not instru-
mental deliveries such as outlet forceps for the delivery of
fetal head [15]. In the vaginal delivery group, there were no
postpartum complications such as bleeding or infections, as
well as maternal death, which could be seen as a very good
indicator of a safe delivery [16]. The newborns from vaginal
birth had an average 9/10 APGAR score, and the majority
of them was without any injuries and did not need access
to intensive care units, also there was no recorded fetal or
neonatal deaths [3]. Fetal birth asphyxia was less frequent in
vaginal delivery than in emergency C-section [17].

The elective C-section was the least common mode of
delivery and it was performed in less than third of the
women (23.86%). Results of the study showed that most
frequent indication for C-section was previous uterine
surgery and dominantly previous C-section. This is with
accordance to similar studies, which confirms that primary
C-section leads to the next one, even when vaginal labor
could be a safe option [18]. For primiparous women, who
were the most frequent in this group, indications were
cephalopelvic disproportion, fetal macrosomia, post term
pregnancy and oligohydramnios. Estimated birth weight
over 3500 gr and post term pregnancy are found to be
common indication for elective C-section, especially in
primiparous like our patients [2, 17]. In none of the women
the indication was just fetal malpresentation i.e., breech
presentation or maternal choice [2, 5]. There were no
maternal and neonatal complications recorded in elective
C-section group, which is in accordance with the current
evidence on short-term benefits for the mother and baby
with this way of the breech delivery [7].
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In a third of patients, an emergency C-section was
performed, which is more than the others have reported,
mostly due to a higher rate of planned C-section as a safer
option [1, 5]. The percentage of primiparous women in this
group was the highest in compare to previous ones and
most of them were at term pregnancies. We have noticed
that in 40% of them the labor was planned as vaginal, but
mostly due to statis in dilatation phase i.e., dysfunctional
labor or due to threatened fetal asphyxia it was finished
operatively. Previously mentioned conditions and umbili-
cal cord prolapse, which did not occur in our population,
are found as ones that leads to emergency C-section [15].
Other indications were previous uterine operation, IUGR,
uterine myomas, and PROM. Although the majority of
newborns had a mean APGAR score 9/10, in this group
we had a 10% of birth injuries and complications and they
included respiratory distress syndrome, brain infection,
intracranial hemorrhage, and paresis of brachial plexus.
One of the limitations of this study was that we do not have
available data whether those newborns admitted to neona-
tal intensive care unit because after birth they were trans-
ferred to another medical institution for further diagnosis
and treatment. For the same reason, eventual long-term
consequences in those babies remain unknown. However,
the obtained data suggest that emergency childbirth should
be avoided and emphasize the importance of proper plan-
ning of breech delivery.

Concerning the fetal weight as a very important factor
that affects the decision of breech delivery ending, this
parameter was analyzed. The average birth weight in all
three groups was over 3000 gr (3077-3159 gr) and there
was no statistically significant difference in newborns birth
weight between the groups, which an important predictor
for a successful vaginal delivery [12]. However, the larg-
est average birth weight was noticed in planned C-section
group where the fetal macrosomia was the second most
common indication for elective C-section. This result is
in accordance with other researches as well with recom-
mendations about the importance of correct estimate of
the fetal size and confirms that the decision of planning
C-section in cases of fetal macrosomia is completely justi-
fied [19]. In addition to fetal weight, other important factor
that could affect delivery outcome are woman’s character-
istics presented with obstetrical conjugate. Although there
was a high incidence of cephalopelvic disproportion in
both planned and emergency C-section group, in the study
we have not specifically analyzed this parameter, which is
also one of the study limitations.

CONCLUSION

The results of our study have shown that vaginal delivery is
very safe option for both mother and newborn. Obstetric
skills and accurate prenatal maternal and fetal assessment
are the key for making the best possible decision on de-
livery management.

Conflict of interest: None declared.
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KapanuHa npeseHTaymja nnoaa — matepanHu, HeoHaTanHu ucxogm nopohaja

U caBpeMeHM aKyLIepCKM U3a30BM

MBaHa Toguh', CHexaHa MnewuHau®, Tommcnas CtedpaHosuh'

'KnnHMYKo-60NHNYKY LieHTap , 3eMyH", BonHuua 3a rHekonorujy 1 akylwepctso, beorpag, Cpbuja;

2YHueepautet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHuBep3uTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuKa 3a ruHekonorujy 1 akywwepctso, beorpag, Cpbuja

CAMETAK

YBoa/Uwnm KapnuyHa npeseHTaumja nnopa ce jasba y 3-4%
jenHOMNOAHUX TEPMUHCKMX TPYAHORA 1 HauMH 3aBpluaBakba
nopohaja Kof He joLl yBeK NpefCcTaB/ba KOHTPOBEP3Y Y aKy-
LLIePCKOj NpaKcu.

Linm oBe cTyauje 6vo je fa ytBpam GpakTope Koju Cy yTuuanm Ha
Bohekbe 1 HauuMH 3aBpLueTKa nopohaja Kof KapinyHe npeseH-
Taluje Nnoja 1 ja yrnopeamn MatepasHe v HeoHaTalHe UCXoae
nopohaja Kog BarnHanHor nopohaja, NnaHMpaHor LlapcKor pe3a
1 XUTHOT LLapCKor pe3a y bonHnuy 3a rmHeKkonorujy u akylep-
CTBO KNMHNYKO-B60NMHMYKOT LIEHTPa ,3eMyH".

MeTtope VcTpaxmBarbe je CNpoBeAeHO Kao PeTPOCneKTVBHA
KMHWYKa cTyavja y nepuody of 2015. go 2019. roanHe. Y 3a-
BUCHOCTM O} HAauMHa 3aBpLUeTKa nopohaja nopogusbe cy bune
nofie/beHe y Tpu rpyne. Y ncrpaxmBatby CMO aHanm3npani
daKTope pu3snKa of CTpaHe Majke 1 HeHe NocTnapTasHe KOM-
nnvKauuje, KapakTepucTuke nopohaja 1 HeoHaTanHe ncxoge
nopohaja.

DOI: https://doi.org/10.2298/SARH230703051T

Pesyntatu VicTpaxuBame je 06yxBatuno 176 xeHa ca jegHo-
NIoAHOM TPYAHONOM 1 GeTyCOM Y KapivyHOj Npe3eHTaLuju.
Yyectanoct nopohaja ca KapanyHOM npe3eHTaLWjom nioga je
6vna 2,12%. Hajuewwhu HauvH 3aBplueTka nopohaja 6vo je Baru-
HanHw —47,72%. Y cBe Tp1 NCNUTUBAHE rpyne Haj3acTyrnbeHnje
cy 6une npBOpPOTKe, y TEPMUHY, 6€3 XPOHNUYHUX 060bEHa 1
recrosa. BarnHanHu nopohaj je 61o cTMynncaH OKCUTOLMHOM
y 91,67% cnyuyajeBa n kao nomoh npwv nopohajy kopuiwheHu cy
pa3nnunT MaHeBpu. CMPTHOCT MajKe 1 KpaTKOPOUYHE KOMIIN-
KaLuje TOKOM Neprofa xocnuTanusawuje H1Cy 3abenexeHe Hu
y jenHoj rpynu. Huje npumeheHa 3HauyajHa pasnuka y TeXnHN
HoBopoheHuyeTa n3mehy rpyna. Hajseha ctona nopohajHux no-
Bpefa 3abenexxeHa je ko HoBopoheHuaan pohHeHNX XUTHUM
Lapcknm pesom - 10%.

3aksbyuak Pe3yntaTi Haller UCTpaXKMBakba yKa3yjy Aa 6u Baru-
HanHW nopohaj Morao fja NpeAcTaB/ba Bpo 6e3benHy onuujy
1 33 MajKy 1 HoBopoheHye.

KmbyuHe peun: KapnnyHa npeseHTalyja; BarmHanHm nopohaj;
LlapcKkm pe3
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A connection between levels of soluble Fas and Fas
ligand in the aqueous humor and the parameters
of structural and functional damage of glaucoma
patients
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SUMMARY

Introduction/Objective Fas ligand (FasL) induces apoptosis when interacting with the Fas-receptor. The
aim was to determine the concentration of soluble Fas (sFas) and soluble FasL (sFasL) in the aqueous
humor (AH) of open-angle glaucoma patients, and establish a connection between these markers of
apoptosis and the parameters of structural and functional glaucoma damage.

Methods This study examined 88 AH samples; 35 primary open-angle glaucoma with elevated intra-
ocular pressure (POAG-HTG) patients, 24 open angle pseudoexfoliative glaucoma patients (XFG) and 29
patients with senile cataract (CAT). The concentration of sFas and sFasL was determined by commercial
ELISA tests in the AH.

Results The conducted study showed that AH sFas concentration was the highest in XFG (720.14 + 167.39
pg/ml), and slightly lower in POAG-HTG (713.43 + 162.69 pg/ml), than in cataract patients (632.46 £ 217.11
pg/ml), without statistical significance. There was a significant negative correlation of sFas concentration
and thickness of the peripapillary nerve fibers of the retina (RNFL) inferior thickness in POAG-HTG (p <
0.05). The concentration of sFasL was the lowest in POAG-HTG (9.28 + 0.551 pg/ml), higher in XFG (9.45 +
0.61 pg/ml; p = 0.0566), and the highest in the cataract group (9.48 + 0.73 pg/ml). A negative correlation of
sFasL and MD in the POAG-HTG, and a negative correlation with RNFL superior in the XFG were significant.
Conclusion sFasL has an active role in the regulation of the inflammatory process in glaucoma. sFas
and sFasL, as markers of apoptosis, are associated with the parameters of structural, RNFL thinning, and
functional glaucoma damage, namely visual field defects.

Keywords: Fas; FasL; aqueous humor; open angle glaucoma; hypertensive glaucoma; pseudoexfoliation

INTRODUCTION

Fas is a transmembrane glycoprotein, and
a type I membrane protein of the tumor ne-
crosis family (TNF), which binds Fas ligand
(FasL) to its receptor [1]. In addition to its
role in the apoptosis induction, Fas causes a
pro-inflammatory response of cytokines [2].
The interaction of Fas and FasL is important
in controlling the T-cell immune response and
affecting cell death via cytotoxic T-lymphocytes
(T-Ly) [1-4],

FasL is a type II membrane protein. As a
member of the TNF-cytokine family, FasL in-
duces apoptosis when interacting with the Fas
receptor. The membrane bound FasL (mFasL)
can become a soluble form (sFasL), by acting
of a matrix metalloproteinase as an enzyme.
FasL binding to Fas leads to receptor oligomer-
ization and causes apoptotic cell death. FasL
is predominantly expressed in activated T-Ly
and natural killer cells, and in tissues and im-
mune privileged organs, such as the testicles,
placenta, brain and the eye (retina, uvea and
cornea) [2, 5, 6, 7].

Wax et al. [8] have indicated that the T-cell
mediated degeneration of the retinal ganglion
cells (RGC) takes place via the Fas/FasL signal-
ing pathway. Some studies have shown reduced
capacity of naturally produced sFasL to induce
apoptosis compared to membrane-bound FasL,
indicating the selectivity of sFasL. The sFasL in
the aqueous humor (AH) may be present due to
high FasL expression in intraocular cells [9, 10].

Primary open-angle glaucoma with elevated
intraocular pressure (POAG-HTG) is closely
related to elevated intraocular pressure (IOP),
which may occur due to difficult outflow of
humor aqueous through trabecular meshwork
(TM) [11]. A finding in POAG patients sug-
gests that the number of TM-cells is significant-
ly reduced in relation to a healthy population
of the same age. Aging-related loss of TM cells
is thought to occur due to an increased rate of
cell death. Also, an increased rate of apoptosis
may cause loss of TM cells in POAG. Agarwal
et al. [12] showed that after receptor activation
by monoclonal Ig M, TM-cells express the Fas
receptor and undergo transient apoptosis.
Preventing the binding of membranous Fas
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to FasL, by binding soluble Fas (sFas) to FasL, can block
Fas-mediated apoptosis. Therefore, it can be hypothesized
that the increase in the rate of cell death from TM results
from decreased levels of sFas or increased levels of FasL
in glaucoma [1, 12, 13]. Also, in glaucoma, FasL expressed
in microglia promotes neuroinflammation via activation
of Fas+ astrocytes, Miiller cells and microglia, as well as
apoptosis of Fas+ RGCs [5, 14]. Membrane-associated FasL
(mFasL) and soluble FasL (sFasL) fragment show opposite
effects on glaucoma development.

In the healthy eye, FasL is constitutively cleaved and
sFasL maintains a non-inflammatory homeostatic environ-
ment. In experimental glaucoma models with IOP, microg-
lia activation occurs and FasL expression increases, result-
ing in a shift from sFasL to mFasL that contributes to RGC
apoptosis. When FasL cleavage is disabled, accelerated and
much more severe glaucoma occurs. While stimulated pro-
duction of sFasL by long-lived neurons provides significant
neuroprotection of RGCs and axons [5, 15].

Recent studies revealed a paradoxical phenomenon re-
lated to FasL function within the eye, where ocular expres-
sion of mFasL promotes immunoreactivity. Even though
it has been shown in some studies that sFasL antagonizes
the functional effect of mFasL, and in others that sFasL
can bind to ocular matrix proteins and thus trigger potent
apoptotic activity, it remains unclear how immune-privi-
leged sites regulate FasL activity and control the potentially
dangerous consequences associated with inflammation
and apoptosis [2, 16].

The aim of this study was to determine the concentra-
tion of sFas and FasL in the AH of open-angle glaucoma
patients and establish a connection between these markers
of apoptosis and the parameters of structural and func-
tional glaucoma damage.

METHODS

This study examined 88 AH samples; 35 patients suffer-
ing from POAG-HTG (hypertensive glaucoma), 24 open-
angle pseudoexfoliative glaucoma patients (XFG), and 29
patients with senile cataract (CAT).

The Ethical Committee of the Faculty of Medicine in
Nis$ (decision number 01-2625-18, dated 08/04/2014) and
the Ethical Committee of the University Clinical Center
Nis (decision number 338/43, dated 13/01/2015) granted
approval for conducting the research. Prior to engaging
in the research, all participants signed informed consent
according to the Declaration of Helsinki.

Clinical examination included: demographic character-
istics of the patients, detailed medical history, visual acuity
with refraction (Snellen chart), biomicroscopy, Goldmann
applanation IOP tonometry, three mirrors Goldman go-
nioscopy, indirect ophthalmoscopy using a 90D lens and
determination of the cup size of the optic nerve head (C/D
ratio), standard automatic perimetry (Humphrey Visual
Field Analyzer, Threshold Test 24-2, Carl Zeiss Meditec,
Inc., Dublin, CA, USA) with determining changes in
the visual field: mean deviation (MD), optical coherent

‘ DOI: https://doi.org/10.2298/SARH231022061T
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tomography (OCT, Stratus, Carl Zeiss Meditec, Inc.) and
measuring the average thickness of the peripapillary nerve
fibers of the retina (RNFL Avg), in the superior (RNFL
Sup) and the inferior (RNFL Inf) quadrants [17].

Diagnostic criteria for POAG-HTG included elevated
IOP, characteristic arcuate Bjerrum scotoma, and/or para-
central scotoma, and/or Rénne’s nasal step, and other cor-
responding visual scotomas, and/or thinning of the nerve
tibers on OCT, gonioscopy open angle finding, and the
absence of a secondary cause of glaucomatous optic neu-
ropathy. Patients with a history of inflammatory eye dis-
eases, uveitis, congenital or normotensive glaucoma and
systemic factors (systemic rheumatologic and inflamma-
tory diseases) and systemic drug usages, previous admin-
istration of corticosteroids, previous trauma, that would
affect the level of the examined markers, were excluded
from the study [17].

Patients with XFG had been previously diagnosed ac-
cording to established criteria: elevated IOP, visual field
changes, RNFL thinning, such as for POAG-HTG, with the
presence of pseudoexfoliation on the anterior lens capsule
and/or along the pupil margin.

Patients with POAG-HTG and XFG subjected to an-
tiglaucomatous surgery had intraocular pressure values
greater than 21 mmHg during daytime with antiglauco-
matous therapy. They had had a confirmed diagnosis of
glaucoma for several years and maximum drug therapy in
the form of drops (prostaglandin, beta blocker, carbonic
anhydrase inhibitor).

The control group consisted of patients referred for
CAT surgery, without serious systemic diseases and with
no personal and family history of glaucoma. Glaucoma was
excluded in these patients applying the same diagnostic
criteria used to diagnose POAG-HTG or XFG, i.e., after
the same ophthalmological examination and procedures.

The AH sampling was performed at the very beginning
of the antiglaucomatous surgery and ultrasound cataract
surgery, in sterile conditions, by limbal paracentesis. Sterile
insulin syringe 1 ml/cc with a needle 29G X 1/2" was used,
whereas any contact with the corneal endothelium, iris and
lens was avoided. Special care was taken to ensure the sam-
ples did not contain blood. The AH samples (100-150 pL)
were immediately stored at -80°C.

The concentration of sFas and sFasL in the AH of
the patients was determined by commercial enzyme-
linked immunosorbent assay (ELISA), according to the
manufacturer’s instructions (ELH-Fas and ELH-FASL-1,
RayBiotech, Peachtree Corners, GA, USA). The concen-
tration was determined using the standard curve and ex-
pressed in pg/ml. The minimum detectable dose (MDD)
for Fas was 5 pg/ml and for Fas ligand was 2 pg/ml, with
no significant cross-reactivity or interference with other
proteins.

Statistical processing was performed with the SPSS
15.0 software package (SPSS Inc., Chicago, IL, USA). We
used descriptive statistical parameters (absolute numbers,
relative numbers, arithmetic mean, standard deviation,
median, and an interval of variation: minimum and maxi-
mum values). The Mann-Whitney U-test or the Student’s
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t-test for independent samples were used for two groups of
subjects, the Kruskal-Wallis test and ANOVA were used
for multiple groups, the Student’s t-test and ANOVA were
used for continuous variables with normal distribution.
Spearman’s rank correlation coefficient was used to test
the strength of the association between two continuous
variables. Univariate linear regression analysis was used to
test the influence of independent, predictor variables on
the value of the continuous dependent variable. A value of
p < 0.05 was used as a threshold of statistical significance.

RESULTS

Demographic characteristics of 88 participants (35 POAG-
HTG + 24 XFG + 29 CONTROL- CATARACT), basic clin-
ical parameters of glaucoma (IOP, C/D ratio, MD, RNFL
Avg, RNFL Sup, and RNFL Inf), and AH levels of sFas and
sFasL are shown in Table 1.

The results of this study showed no significant dif-
ference in age between the examined groups (Kruskal-
Wallis test and Mann-Whitney test). POAG-HTG and
XFG were found to be more prevalent in men (54.28%,
i.e., 58.33%), whereas, in the control group, women were
more prevalent (51.73%); however, there was no significant

difference between the groups. The highest IOP value
was found in XFG patients. IOP values in both glaucoma
groups were significantly higher compared to the control
group (p < 0.001). The values of the C/D ratio were almost
identical in the POAG-HTG and the XFG group, without
significant difference. Although the absolute value of MD
was higher in XFG, it was not significantly different from
the value of this parameter in POAG-HTG. All POAG-
HTG and XFG patients were in the second and the third
group according to the Hadopp classification, without sta-
tistically significant differences in distribution. Average
RNFL thickness, RNFL thickness in the superior and infe-
rior quadrants, were higher in XFG patients, however, not
significantly compared to POAG-HTG patients.

We did not determine significant differences in sFas con-
centration in the AH between the groups although sFas in the
AH was the highest in XFG patients (720.14 + 167.39 pg/ml),
and higher in POAG-HTG patients (713.43 + 162.69 pg/ml),
compared to the control group (632.46 + 217.11 pg/ml).
The difference between POAG-HTG and the control was
nearly significant (p = 0.0505), whereas the difference be-
tween XFG and the control was also very close to statistical
significance (p = 0.0657).

In addition, no differences were found in the sFasL
concentration of POAG-HTG and XFG patients and

Table 1. Demographic and clinical characteristics, and aqueous humor levels of sFas and sFasL in glaucoma patients and the control group of

subjects with cataract

POAG-HTG XFG Control
Parameters (n=35) (n = 24) (n=29) Tests
Age (year) 70.95+7.93 73.41 £6.25 71.77 £9.38 Kruskal-Wallis test
X+ 5D (Me) 70 76 74 Mann-Whitney test
Min-Max 58-87 59-84 51-88 Y

19 (54.28%) 14 (58.33%) 14 (48.27%)
Gender (M/F) /16(45.72%) /10 (41.67%) /15 (51.73%) /

c*** c***

IOP (mmHg) 21.86 +7.37 23.58 +11.31 14.76 = 2.39 c- vs. control,
X +SD (Me) (20) (20.50) (14) ***.p < 0.001 Kruskal-Wallis and
Min-Max 10-48 10-56 8-20 Mann-Whitney test
c/D 0.64 +0.20 0.63+0.18
X+ SD (Me) (0.60) (0.55) not determined Mann-Whitney test
Min-Max 0.4-1 0.4-1
MD (dB) -11.73 £9.05 -12.72£11.21
X £SD (Me) (-8.46) (-8.62) not determined Mann-Whitney test
Min-Max -0.38--31.27 -0.07--29.69
RNFL Avg (pm) 78.09 +24.39 78.62 £21.54
X £ SD (Me) (80.98) (81.63) not determined Mann-Whitney test
Min-Max 24.46-143.71 45.77-103.69
RNFL Sup (pm) 92.38 +34.50 100.64 + 37.66
X+ SD (Me) (96) (104) not determined Mann-Whitney test
Min-Max 26-180 44-161
RNFL Inf (um) 94.41 £ 37.55 96.10 £ 31.11
X+ SD (Me) (101) 91) not determined Mann-Whitney test
Min-Max 29-157 57-144
sFas (pg/ml) 713.43 +162.69 720.14 £ 167.39 63246 +£217.11 K . Wi
X £ 5D (Me) (759.80) (776.63) (727.79) Kruskal-Wallis atre“:tMa”” Whitney
Min-Max 369.95-958.22 166.99-921.60 83.83-862.33
sFasL (pg/ml) 9.28 £ 0.551 9.45+0.61 9.48 £0.73 Kruskal-Wallis, Mann-Whitney
X £ 5D (Me) (9:35) (9.60) (9.46) test, and Student’s t-test
Min-Max 8.33-10.78 8.52-10.40 8.44-10.82 '

n - number of participants/eyes and examined samples of the aqueous humor; POAG-HTG - primary open-angle glaucoma with elevated intraocular pressure,
hypertensive glaucoma; XFG - pseudoexfoliative glaucoma; Control - control group with cataract; IOP - intraocular pressure; C/D - cup/disk ratio; MD — mean
deviation; RNFL Avg - average peripapillar retinal nerve fiber layer thickness; RNFL Sup - peripapillar retinal nerve fiber layer thickness in the superior quadrant;
RNFL Inf — peripapillar retinal nerve fiber layer thickness in the inferior quadrant; sFas — soluble Fas; sFasL - soluble Fas ligand
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Table 2. Spearman'’s rank correlation coefficient for sFas and the examined clinical

parameters in glaucoma patients

Trenki¢ M. et al.

Univariate linear regression analysis was
used to assess the effect of sFas and sFasL

*p < 0.05, - p — Spearman’s rank correlation coefficient;

sFas — soluble Fas; POAG-HTG - primary open-angle glaucoma with elevated intraocular pressure,

P FAS (pg/ml) VA | I0P | C/D | MD | RNFL Avg | RNFL Sup | RNFL Inf concentration on the values of IOP, C/D ratio,
POAG-HTG -0.12 | 0.06 | 0.06 | 0.07 -0.29 -0.20 *-0.33 MD, RNFL Avg, RNFL Sup, and RNFL Inf
XFG 006 |-022|-0.17|-038| -035 043 -0.28 parameters and confirmed FasL, as the only
All glaucoma patients | 0.01 | 0.14 | 0.03 |-0.01 | *-0.31 -0.27 *-0.35 factor that significantly affects RNFL Sup in

XFG patients (Table 4).

hypertensive glaucoma; XFG - pseudoexfoliative glaucoma; VA - visual acuity; IOP — intraocular pres-
sure; C/D - cup/disk ratio; MD - mean deviation; RNFL Avg - average peripapillary retinal nerve fiber

layer thickness; RNFL Sup - peripapillary retinal nerve fiber layer thickness in the superior quadrant;

RNFL Inf — peripapillary retinal nerve fiber layer thickness in the inferior quadrant

Table 3. Spearman’s rank correlation coefficient for sFasL and the examined clinical

parameters of glaucoma patients

DISCUSSION

Various proapoptotic stimuli lead to the initi-
ation of biochemical processes and activate a

*p < 0.05, - p — Spearman’s rank correlation coefficient;

sFasL - soluble Fas ligand; POAG-HTG - primary open-angle glaucoma with elevated intraocular
pressure, hypertensive glaucoma; XFG - pseudoexfoliative glaucoma; VA - visual acuity; IOP -
intraocular pressure; C/D - cup/disk ratio; MD — mean deviation; RNFL Avg — average peripapillary
retinal nerve fiber layer thickness; RNFL Sup - peripapillary retinal nerve fiber layer thickness in the
superior quadrant; RNFL Inf - peripapillary retinal nerve fiber layer thickness in the inferior quadrant

eyes with CAT (9.48 £ 0.73 pg/ml). The concentration of
sFasL in the AH was the lowest in POAG-HTG patients
(9.28 £ 0.551 pg/ml); almost significantly lower in relation
to XFQG patients (9.45 + 0.61 pg/ml; p = 0.0566). Spearman’s
rank correlation coefficient was tested for the association of
sFas concentration in the AH and visual acuity, IOP, C/D
ratio, MD, RNFL Avg, RNFL Sup, and RNFL Inf of the
examined patients (Table 2). POAG-HTG patients had a
statistically significant negative correlation between sFas
concentration in the AH and RNFL Inf (p < 0.05). All glau-
coma patients (POAG-HTG and XFG) had the significant
negative correlations of sFas concentration with morpho-
logical parameters obtained by OCT: RNFL Avg and RNFL
Inf (p < 0.05). Spearman’s rank correlation coefficient was
also tested for the association of sFasL concentration in
the AH and visual acuity, IOP, C/D ratio, MD, RNFL Avg,
RNFL Sup, and RNFL Inf of the examined glaucoma pa-
tients (Table 3). In the group of patients with POAG-HTG,
the negative sFasL correlation with MD (p < 0.05) was sta-
tistically significant. In the group of XFG patients, a nega-
tive correlation with RNFL Sup (p < 0.05) was statistically
significant. All glaucoma patients had significant negative
correlations of sFasL with the functional visual field param-
eter MD, and morphological OCT parameters RNFL Avg,
RNFL Sup, and RNFL Inf (p < 0.05).

P FasL (pg/ml) VA | IOP | ¢/D | MD | RNFLAvg | RNFL Sup | RNFL Inf large family of proteases and caspases, which
POAG-HTG 0.11] 018 | 017 |*032| -031 027 -0.30 are the major executors of apoptosis. The
XFG -011]-0.11/-0.12| -029 | -043 *0.62 -0.07 outer and inner pathway of caspase activa-
All glaucoma patients | -0.11|-0.08 | 0.10 | *-0.31 | *-0.32 *-0.35 *-0.31 tion is equally admixed into glaucoma, in the

reduction of trabecular cellularity and RGC
apoptosis, including TNF-q, FasL, IL-1a, IL-
1B, and IL-6 [18, 19, 20]. However, Rolle et
al. [20] state that in neurodegenerative dis-
eases, as well as in glaucoma, necroptosis as
a genetic form of cell death plays a major
role. It is very similar to necrosis, and is characterized by
cell swelling, granular cytoplasm, chromatin fragmenta-
tion, and cell lysis, but differs from apoptosis because the
cell contents move into the extracellular matrix passively
through an altered cell membrane. TNF-a, Fas, apoptosis-
inducing ligand interferons can induce necroptosis [20].

Our study showed that sFas concentration in AH was
the highest in XFG, and higher in POAG-HTG patients
compared to the cataract group, without significant dif-
ferences between the tested groups. This is not entirely in
line with the results obtained by Razeghinejad et al. [1],
who found the highest Fas values in XFG, followed by CAT,
and POAG, respectively, nor with the results of Sugita et
al. [7]. However, Okamura et al. [21] found that apoptosis
plays an important role in the development of cataracts
with DR, but not in CATs. Hence, there is no explanation
for higher levels of sFas in cataract patients. We found a
significant negative correlation between sFas concentration
in AH and RNFL Inf of POAG-HTG patients (p < 0.05).
Therefore, sFas may be an indicator of glaucoma damage
in the inferior quadrant.

Our study showed that the AH concentration of
sFasL was the lowest in POAG-HTG patients. Although
the sFasL values in POAG were similar to those found
by Razeghinejad et al. [1], we did not find a significant

Table 4. Estimation of the influence of sFas and sFasL factors on the values of RNFL Sup (um); results of univariate linear regression analysis for

patients with POAG-HTG and XFG

Parameters POAG-HTG XFG

Factor t p B 95% Cl for B t p B 95% Cl for B

sFas (pg/ml) -0.65 0.5209 -0.02 -0.07 - 0.04 -1.11 0.2967 -0.20 -0.62-0.21

sFasL (pg/ml) -0.67 0.5100 -5.86 -23.74-12.02 -2.29 0.0479 *-48.47 -96.39 --0.55
*p < 0.05;

t - statistical test value; p - statistical significance; B - regression coefficient; 95% Cl for B - 95% confidence interval for B; POAG-HTG - primary open-angle
glaucoma with elevated intraocular pressure, hypertensive glaucoma; XFG - pseudoexfoliative glaucoma; sFas — soluble Fas; sFasL — soluble Fas ligand
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connection, contrary to their findings. The current study
confirmed a significant (p < 0.05) negative correlation of
sFasL with MD, and a nearly significant (p = 0.0594) nega-
tive correlation with RNFL Avg, in the group of POAG-
HTG patients. In the group of XFG patients, a negative
correlation with RNFL Sup was significant (p < 0.05). This
leads to the connection between the concentration of FasL
and both structural and functional parameters of glaucoma
patients.

Razeghinejad et al. [1] showed no significant differ-
ence in the sFas concentration between the XFG and the
cataract group (p = 0.72). Although our values of sFasL are
similar to those of Razeghinejad et al. [1], no significance
has been confirmed either. Also, they found no correlation
between sFas levels, as well as sFasL concentration, and
vertical C/D ratio in POAG and XFG (p = 0.52, p = 0.65;
p =0.58, p = 0.64). The level of sFas in POAG, which was
significantly lower than in the control group, was explained
by the binding of FasL to Fas and a higher rate of tra-
becular cell apoptosis, which ultimately led to increased
resistance to AH outflow [1].

Sugita et al. [7] showed significant AH levels of sFasL in
patients with CAT and no ocular inflammation, thus indi-
cating that AH in its normal condition contains significant
amounts of sFasL. Contrary to these results, Borkenstein
et al. [18] reported that levels of cytokines (TNF-a, IL-1a
and FasL) were below the detection limit, in a multiplex
bead study conducted by analyzing the AH samples of 25
patients with POAG and 29 patients with cataract, which
were interpreted by choosing various methods [18-23].

This discrepancy between studies may be caused by dif-
ferent conditions of the puncture and sampling of the AH
from the anterior chamber, as well as the use of different
ELISA tests. The amount of sFasL detected in the AH can
be affected by a contact of the syringes with ocular struc-
tures, blood contamination from the limbal blood vessels,
or tear film with its own concentration of sFasL. In our
study, special care was taken to avoid contact of needles
and the iris. Samples contaminated with blood were not
processed. Only 100-150 pl of AH was taken, and a certain
amount always remained in the anterior chamber. On the
other hand, Sugita et al. [7] extracted a critical amount of
HA of 0.2 ml.

Gregory-Ksander and Marshak-Rothstein [5] in their
recent studies in mice have shown that under homeostatic
conditions membrane-bound FasL is preferentially cleaved
into a soluble fragment, sFasL. Soluble-FasL contributes
to the mechanisms responsible for immune privilege and
may alter the inflammatory effects of mFasL, blocking both
apoptosis and inflammation. When pathogenic mFasL iso-
form levels exceed normal, immune privilege is revoked
and destructive inflammation begins or the onset of other
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ocular pathology. Therefore, it is important to study the
roles of all FasL isoforms in the pathology of eye diseases
[5, 20]. The neurodestructive effect of sFas in glaucoma
can be blocked via sFaL or a small Fas-inhibitor peptide
that blocks the activation of Fas and mFasL and prevents
the neuroinflammation development and provides neuro-
protection for RGCs and their axons. [5, 20, 24].

Hence, in glaucoma we can expect an increase in sFas
and mFasL, while there is no increase in sFasL, the only
isoform that can be measured by ELISA tests in the AH,
which is partially in line with our research results.

Considering that sFasL has an active role in limiting
eye inflammation, this opens up new possibilities for new
therapeutic applications of sFasL in regulating the inflam-
matory process in glaucoma and other eye disorders [5,
20, 24, 25]. Rolle et al. [20] outlined various molecular
mechanisms and new therapeutic possibilities, mention-
ing ONL1204. It is a small peptide antagonist of the Fas
receptor, that blocks microglial activation and inhibits
the induction of multiple genes involved in glaucomatous
disease, and significantly reduces RGC death and axonal
loss [20].

Due to all these conflicting results, the role of Fas/FasL
in glaucoma is only partially elucidated. Finally, our find-
ings do not clarify the influence of Fas/FasL, but this study
shows that a larger, adequately powered, and well-designed
study is needed to explore the role of sFas and sFasL in
glaucoma genesis.

CONCLUSION

sFasL has an active role in the regulation of the inflamma-
tory process in glaucoma. sFas and sFasL, as markers of
apoptosis, are associated with the parameters of structural,
RNFL thinning, and functional glaucoma damage, namely
visual field defects.
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Be3a uamehy HMBOa pacTBop/buBuX dPac M Pac-1MraHga y 04HOj BOAMLM M NapaMeTapa
CTPYKTYPHOT U QYHKLMOHANHOT owTeherba Kog 60n1ecHMKa ca r1ayKomom

Mapwja Tpenkuh'?, TatjaHa JesToBuh-CrommeHoB', JeneHa bawwnh', Mupocnas CrameHkoBuh?, JacMuHa Jouyuh-Hophesuh'?,

Munat TpeHkuh'
'YHuep3utet y Huwy, MeguunHckmn dakyntet, Huw, Cpbuja;

2YHUBEP3UTETCKM KIMHUYKN LeHTap ,Huw'’, KnuHuka 3a odptanmonorujy, Huw, Cp6uja;
3YHnBep3uTeT y beorpagy, YHMBEP3NUTETCKN KNUHUYKY LieHTap ,3Be3aapa’; OuHa KnuHuka, beorpag, Cpbuja

CAMETAK

YBoa/Uwm Oac nurang (Gac/l) nHaykyje anonTo3sy Kaaa je y
nHTepakumju ca Pac perientopom. Linsb oBor nctpaxkvBatba je
610 Aa ce yTBPAN KOHLEHTpaLwja pacTBopbusrx Pac n Gactl
y OYHOj BOAMLM 6ONeCHMKa Ca r11aykoMOM OTBOPEHOT yriia 1
ycnocTtasy Be3a n3melhy oBUx MapKkepa anonTtose v napame-
Tapa CTPYKTYpPHOT 1 GyHKLMOHanHor owTteherba n3assaHor
rnayKkomMoM.

Metope OBom cTyAmnjom NCNMTaHO je 88 y3opaka OuHe BoauLie,
35 6onecHnKa obonenx of NPUMapHOr rlaykoma OTBOPEeHOr
yria ca noBuLEHNM UHTPaoKynapHUm nputnckom (POAG-HTG),
24 6onecHuKa ca nceyaoeKchonnjaTMBHIM rnayKoMom OTBOpe-
Hor yrna (PEKSG) n 29 ncnutaHnKa ca CEHWIHOM KaTapaKTOM.
KoHueHTpaumja pactBopsbmsux Oac n Gacll ogpeheHa je Ko-
MmepumjanHum EJIVICA TectoBMMa Y OUHOj BOAMLN.

PesyntaTtn CnpoBefeHa CTyaunja nokasana je fa je KOHLeH-
Tpaumja pactBopsbrBor Mac y ouHoj Boauum Hajseha Kop
6onecHnka ca PEKSG (720,14 + 167,39 pg/ml), HewTo H1Xa
Kop 6onecHrKa ca POAG-HTG (713,43 + 162,69 pg/ml), a Haj-
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HVKa KOf KaTapakTe (632,46 + 217,11 pg/ml), 6e3 cTatnctuyke
3HayajHocTu. [ocTojana je CTaTUCTMYKM 3HaYajHa HeraTnBHa
Kopenauuja n3mehy KoHueHTpaumje pactBoprbusor Qac u ge-
6/bMHE NepunanunapHUX PETUHANHUX HEPBHYX BiakaHa (RNFL)
y BO/beM KBaApaHTy Kop 6onecHuka ca POAG-HTG (p < 0,05).
KoHueHTpaumja pactBopsbusor ®ac/l 6una je HajHWxa Kog 60-
necHuka ca POAG-HTG (9,28 + 0,551 pg/ml), Buwwa kop 6onecHu-
Ka ca PEKSG (9,45 + 0,61 pg/ml; p = 0,0566), a Hajseha y rpynu
ca KatapakTtom (9,48 £ 0,73 pg/ml). 3HauajHa je 6una HeraTMBHa
Kopenauuja pactsoprbusor OacJl v cpepre feBurjaluje y rpynm
6onecHvika ca POAG-HTG, Kao 1 HeraTvBHa Kopenauuja ca RNFL
y rpynu 6onecHuka ca PEKSG.

3akrmyuak PactBopsbru Mac)l akTnBHO perynuiue nHdnama-
TOPHM NpoLec Koa rnaykoma. Pacteoprbmsu Oac 1 Gacl, kao
MapKepy anonTo3e, NOBE3aHu Cy ca NapameTprima CTPYKTYPHOT
owTehema, nctarera RNFL, 1 GyHKLMOHANHOT FNayKOMHOT
owTehera, 04HOCHO CNaaa y BULHOM MOJbY.

KmbyuHe peun: Oac; Oac/l; ouHa BoamLa; rayKom OTBOPEHOr
yrna; XunepTeH3vBHY rnaykom; nceypoekcdonujaupmja
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Assessment of the socio-emotional state of persons
with presbyacusia using hearing amplification
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SUMMARY

Introduction/Objective Presbycusis or senile hearing loss is a physiological phenomenon that manifests
as a gradual effect of hearing loss in adults. The aim of this work is to examine the socio-emotional state
of elderly people with hearing loss.

Methods The research was conducted at the Department of Audiology and Vestibulology of the Zemun
Clinical Hospital Center. A subjective assessment was conducted using the Hearing Handicap Inventory
for the Elderly — HHIE scale. This questionnaire is designed to assess the emotional and social functioning
of people with presbycusis and to monitor the effect of auditory rehabilitation. Basic data were obtained
through audiological diagnostics, questionnaires and interviews with respondents.

Results 120 subjects participated in this research, 60 subjects with senile hearing loss using auditory
amplification and 60 subjects with senile hearing loss without hearing amplification. In subjects with
auditory amplification, there is no statistically significant difference in the results of the HHIE at the
beginning of the study and after one year (t = 1.07, df = 59, p = 0.28), but a statistically significant
difference is observed in the HHIE-S score (t = 3.0, df =59, p = 0.004). In 17 subjects who did not have
a hearing aid at the beginning of the research, during the research, for a period of one year, auditory
amplification was carried out and a good correlation between the HHIE and the subscales on the HHIE
test/retest was established.

Conclusion Hearing amplification often does not fulfill its goal in individuals — to improve listening and
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speech intelligibility, which may be a consequence of untimely amplification.
Keywords: old age; presbycusis; hearing impairment; hearing rehabilitation

INTRODUCTION

Presbycusis or senile hearing loss is a physi-
ological phenomenon, which is a gradual, cu-
mulative effect of hearing loss in adults [1]. It
is a progressive and irreversible, bilateral hear-
ing loss due to degeneration of the cochlea and
related inner ear structures or auditory nerves.
It is a sensorineural hearing loss characterized
by the inability to translate or transmit sound
signals into nerve impulses [2]. The process of
hearing loss lasts several years, is gradual, and
most often affects the high frequencies of hear-
ing first, sometimes unrecognizable because the
presentation and clinical course can be variable.
Presbycusis is characterized by reduced hearing
sensitivity and reduced intelligibility of speech
in a noisy environment, slowed central pro-
cessing of acoustic information, and impaired
localization of sound sources [3]. In addition,
hearing loss accompanied by difficulties in
speech intelligibility contributes to a decrease
in concentration and memory, which negatively
affects the social isolation of these persons.
The cause of presbycusis is a combination
of multiple factors — genetics, cumulative en-
vironmental exposures, and pathophysiologi-
cal changes associated with aging [4]. Based on
numerous studies, it was concluded that pres-
bycusis most often refers to the loss of sensory

structures in the inner ear, although the main
causes are still unclear [5].

Living with hearing loss is, in many ways,
experienced by patients as having a chronic ill-
ness. Older people often ignore their ailments
and do not accept listlessness, sadness, which
is due to age, shame, lack of understanding or
fear of feeling rejected. Many people experi-
ence social isolation and rejection in old age as
a result of single life, lack of close family ties.
In people with hearing impairment, the pos-
sibility of communication is reduced, which
leads to social isolation, because the sense of
hearing is an important prerequisite for social
interaction [6]. Difficult or impossible com-
munication can also lead to emotional diffi-
culties that usually accompany some chronic
conditions (endocrinological, vascular, neuro-
logical, oncological) 7, 8]. Research shows that
with the progression of hearing loss, anxiety
occurs most often [9]. Clinically significant
symptoms of anxiety are present in 15-42% of
elderly people and most often occur in those
who have a chronic disease or some degree of
disability. The prevalence of anxiety disorders
in older people ranges 12-15% in society, and
up to 28% in clinical institutions [10]. Anxiety
as an emotional disorder is reflected in a num-
ber of biological, social and physical factors.
Anxiety symptoms, fear, poor sleep quality, loss
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of interest, reduced concentration, chronic unexplained
pain are often attributed to old age, dementia or a person’s
poor general condition, which means that anxiety in old
age can be undiagnosed for a long time and therefore inad-
equately treated [11]. In these patients, it is very important
to diagnose poor audiology and the time when hearing
amplification should be recommended in order to prevent
physical, cognitive and functional conditions. The main
goal of the rehabilitation of these patients is to minimize
the effect of the hearing deficit and enable them to actively
participate in family and social activities, helping them to
cope with the hearing loss and the limitations it causes.
Most often, monaural adaptations are carried out, even
with bilateral hearing loss.

The reasons for this can be different: refusal to use two
hearing aids, reduced ability to handle the devices, asym-
metric hearing loss, reduced central processing of informa-
tion, aesthetic reasons, financial problems, etc. [12]. Timely
hearing rehabilitation can give significant results; however,
it must be taken into account that the optimal time interval
for the intervention is very short so that the hearing reha-
bilitation results are as effective as possible [13].

The aim of this work is to examine the socio-emotional
state of elderly people with hearing loss with hearing am-
plification at the beginning of research and a year after
that, and also of people without hearing amplification at
the at the beginning of research and a year after using it.

METHODS
Study design and procedures

A total of 120 subjects participated in this research, 60
subjects with senile hearing loss using hearing amplifi-
cation and 60 subjects with senile hearing loss without
hearing amplification. The age of the respondents ranged
47-85 years. The selection of subjects was carried out after
audiological observation and evaluation at the Department
of Audiology and Vestibule at Clinical Hospital Center
Zemun after establishing or confirming the diagnosis of
senile hearing loss.

The research was conducted from April 2017 to
September 2018 at the Department of Audiology and
Vestibulology of the Zemun Clinical Hospital Center.
The basic data were obtained on the basis of audiological
diagnostics, through questionnaires and interviews with
respondents. The first examination was conducted when
the subjects came to the otorhinolaryngology or audiol-
ogy clinic, and the second examination was performed
one year later.

A subjective assessment of social and emotional func-
tioning was conducted using a Likert-type scale, the
Hearing Handicap Inventory for the Elderly - HHIE [14].
This questionnaire was designed to assess the emotional
and social functioning of subjects with presbycusis and to
monitor the effect of auditory rehabilitation. The scale is
composed of two subscales — the HHIE-E subscale, which
has 13 items and examines the emotional consequences
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of hearing impairment, and the HHIE-S subscale, which
comprises 12 items and investigates social and situational
aspects. Respondents responded to the offered answers: yes
(4), sometimes (2), and not (0), according to the current
state. HHIE scores range 0-16 (no hearing impairment),
17-42 (mild to moderate hearing disability), > 43 points
(significant hearing disability).

We used a Likert scale to assess the general hearing
score as bad, neither bad nor good, good, and excellent
(Table 2).

In the statistical processing of the data, descriptive mea-
sures, the arithmetic mean with the associated standard
deviation, as well as the minimum and maximum were
used. Frequency and percentages, and t-test for depen-
dent samples were used. The level of statistical significance
was defined as p < 0.05 for all analyses. Statistical process-
ing and analysis was done using IBM SPSS Statistics for
Windows, Version 22.0 (IBM Corp., Armonk, NY, USA).

The research has received consent by the decision of the
Ethics Committee, of the Zemun Clinical Hospital Center
(protocol number 224/1-2017).

RESULTS

A total of 120 respondents aged 46-85 years participated
in this research. The average age of the respondents was
68.68 years, and standard deviation was 8.4.

In the group of respondents with hearing amplification,
there were 31 (51.7%) male respondents and 29 (48.3%)
female respondents, while in the group without hearing
amplification there were 29 (48.3%) male respondents and
31 (51.7%) female respondents (Table 1).

Table 1. Structure of respondents by gender, with hearing amplifica-
tion and without hearing amplification

i Gender
Audlt.o‘ry . Total
amplification M F
Number 31 29 60
Yes
% 25.8 24.2 50
No Number 29 31 60
% 24.2 25.8 50
Number 60 60 120
Total
% 50 50 100

Table 2. Hearing Handicap Inventory for the Elderly Scale - subjects
with auditory amplification at the beginning of research

General N =60 HHIE HHIE-S HHIE-E
hearing score - M SD M SD M SD
No answer 1 / / / / / /
Poor 4 61 | 93 | 36 |365| 25 | 7.63
Neithergood | 3, | 5093 | 17.07 |30.73| 9.21 | 202 | 957
nor poor

Good 22 | 454521252682 | 11.6 | 1864 | 11.04
Very good 3 40.7 | 2532|2867 | 19 12 10

HHIE - Hearing Handicap Inventory for the Elderly Scale; M - average; SD -
standard deviation

The group of respondents with hearing amplifica-
tion (Table 2) defines their health as neither good nor
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Table 3. Hearing Handicap Inventory for the Elderly Scale - subjects without
auditory amplification at the beginning of research

General hearing |\ _ ¢ HHIE HHIE-S HHIE-E
score M | sD | M | sD| M | sD
No answer 2 / / / / / /

Poor 83 | 424 | 47 | 141 | 36 | 282
sgg:‘er goodnor | 5g | 4825 | 17.41 | 2007 | 932 | 1918 | 983
Good 26 | 3746 | 1561 | 2492 | 893 | 1254 | 7.62
Very good 2 44 | 282 | 292 | 1346 | 14 | 282

HHIE - Hearing Handicap Inventory for the Elderly Scale; M - average; SD - standard
deviation

Table 4. Hearing Handicap Inventory for the Elderly Scale - test and retest of
respondents with auditory amplification

Test M SD Stand. error t p

HHEretest | a4 | 1932 | 247 | 107 | 028
HHESretest | 2098 | 1075 | 13 | 3 | 000%
HHEErewest | 2144 | 1033 | 132 | (88 | 0

HHIE - Hearing Handicap Inventory for the Elderly Scale; M - average; SD - standard
deviation; t — hearing disability; p - social interaction;
*statistically significant (p < 0.05)

Table 5. Hearing Handicap Inventory for the Elderly Scale - test and retest of
respondents with subsequent auditory amplification

Test M SD Stand. error t p

HHErewest | 3718 | 2111 | s12 | 27| 006"
HHESretest | 2165 | 995 | a1 | 2% | 000
HHE Eretest | 1553 | 11s4 | 28 | 084 | 032

HHIE - Hearing Handicap Inventory for the Elderly Scale; M - average; SD - standard
deviation; t — hearing disability; p - social interaction;
*statistically significant (p < 0.05)

bad (n = 30): HHIE (M = 50.93; SD = 17.07), (HHIE-S
(M =30.73; SD = 9.21), HHIE-E (M = 20.20; SD = 9.57),
which is in the domain of mild to moderate hearing im-
pairment that has a negative impact on emotional and
social functioning in daily life activities. Hearing ampli-
fication enables better listening; however, its quality de-
pends on several factors so that the impaired person people
with hearing loss, despite hearing correction, often cannot
clearly define their attitude and its impact on the overall
state of health.

The group of respondents without hearing amplifica-
tion (Table 3) defines their health as neither good nor
bad (n = 28): HHIE (M = 48.2; SD = 17.41), HHIE-S
(M =29.07; SD = 9.32), HHI-E (M = 19.18; SD = 9.83),
which is in the domain of mild to moderate hearing im-
pairment that negatively affects emotional and social func-
tioning in daily life activities.

Table 4 shows the average score (M) and standard de-
viation (SD) of the HHIE test and retest scores of sub-
jects with auditory amplification: HHIE test (M = 50.03;
SD =19.32), HHIE retest (M = 48.43; SD = 19.35); HHIE-S
test (M = 30.03; SD = 10.73), HHIE-S retest (M = 26.98;
SD = 10.75); HHIE-E test (M = 20; SD = 10.23); HHIE-E
retest (M = 21.44; SD = 10.33). A dependent samples t-test

‘ DOI: https://doi.org/10.2298/SARH231226050M
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examined the difference between test and retest HHIE,
HHIE-S, and HHIE-E scores, in terms of mean score,
standard deviation, and degrees of freedom (SD and
df) to determine whether the difference was large
enough so that it could be considered statistically sig-
nificant (p < 0.05).

In the total score of the HHIE, no statistically sig-
nificant difference was observed at the beginning of the
study and after one year in the subjects with hearing
amplification (t = 1.07, df = 59, p = 0.28), but a statisti-
cally significant difference was observed in the score of
the HHIE-S (t = 3.0, df = 59, p = 0.004), with a lower
mean score of the HHIE-S on the retest (test M = 30.03,
SD =10.73 / retest M = 26.98, SD = 10.75), which con-
tirms the audiological view of the positive effects of
auditory amplification on the reduction hearing dis-
ability and improving social interaction. The analysis
of the HHIE-E subscale did not reveal a statistically
significant difference (t = -1.88, df = 59, p = 0.06) on
the test and retest.

In the case of 17 subjects who did not have a hearing
aid at the beginning of the research, hearing amplifica-
tion was carried out during the research, over a period
of one year. A good correlation of the HHIE score and
subscales on the test/retest was found (Table 5). HHIE
at the beginning of the research and after one year, for
significance level p < 0.05: HHIE test/retest (t = 2.7,
df = 16, p = 0.016); HHIE-S test/retest (t = 2.96,
df = 16, p = 0.009); HHIE-E test/retest (t = 0.64,
df =16, p = 0.52). Comparing the average HHIE on
the test (M = 43.12; SD = 22.19) and retest (M = 37.18;
SD =21.11), we can see that after hearing amplification
the subjective assessment of hearing impairment was
expressed to a lesser degree after one year. The statisti-
cal significance of the difference between the HHIE-S

score on the test and the retest (p = 0.009) was observed,
and by comparing the average score on the test (M = 26.71;
SD = 12.86) and the retest (M = 21.65; SD = 9.95), a lower
assessment of hearing disability was observed on the re-
test, which indicates a significant impact of auditory am-
plification on the social component of hearing disability.
Auditory amplification, the ability to listen and establish
communication influenced the improvement of the so-
cial life of the respondents. By comparing the value of the
HHIE-E subscale score (p = 0.52), no statistically signifi-
cant difference was observed between the non-test and the
retest in subjects who underwent auditory amplification
during the research.

DISCUSSION

Listening is a complex process of absorbing and interpret-
ing sound and is essential for understanding information
[15]. Hearing makes it possible to localize sound, that is
- navigate in space, perform complex life functions, and
exchange information. However, over the course of life, the
sense of hearing decreases in each individual following the
process of physiological aging [16].
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In this research study, there were an equal number of
male and female respondents. Among those with auditory
amplification, there were 31 (51.7%) male respondents and
29 (48.3%) female respondents. In the group without audi-
tory amplification, there were 29 (48.3%) male respondents
and 31 (51.7%) female respondents. These findings are
consistent with previous research [17, 18].

The age of the respondents in this study ranged 46-85
years, the average age of the respondents was 68.68 years.
The results of this study are comparable with the results
of a number of studies that state that hearing loss occurs
in the elderly [19, 20].

Hearing loss in people with presbycusis occurs gradu-
ally; very often, the period until hearing amplification
is very long (five to 10 years). Losing the ability to hear
and clearly understand a particular voice message leads
to alienation, isolation, loneliness, and reduced energy. In
this way, a person with hearing loss becomes an observer
and not an active participant in their life [21].

The results of the research in this study showed a nega-
tive impact of hearing impairment on the socio-emotional
state of persons with presbycusis (p = 0.002, for p < 0.05)
with greater hearing disability after one year (test /
M =44.29, SD = 15.73; retest / M = 49.29; SD = 15.73) in
the group without auditory amplification, which confirms
previous views about the negative impact of hearing impair-
ment on the quality of life and deepening of complaints if
hearing correction is not performed [22, 23]. Older adults
with hearing loss face many of the same fears as any person
with a disability. External factors also have a significant
effect on the feeling of hearing impairment: environment,
education, socio-economic status, satisfaction with family
and professional life, as well as many other life issues and
situations to which a person is exposed. Due to limited op-
portunities for communication, social isolation and other
consequences, people with presbycusis often experience a
deterioration in their general health, i.e. anxiety and de-
pression [24]. However, in the case of 17 respondents who
did not have a hearing aid at the beginning of the research,
during the research, over a period of one year, hearing am-
plification was carried out. A good correlation of the HHIE
score and subscales on the HHIE test/retest at the begin-
ning of the study and after one year was established, for the
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MpoueHa couujanHor U eMOLMOHANHOT CTakba 0coba ca npecbuakysujom Koje

KOpucrte CaywHy amnnud;ukau,ujy

WBaHa Manetuh-Cekynuh', Muna bynujesau', Huiocnasa [iparytuHosuh?, Becta Cimukuh'
'J3Y BonHnua ,CBeTn Bpauesu’, bujesbuta, Penybnuka Cpricka, bocHa 1 XepLerosuHa;

’Onwta 6onHuua MediGroup, beorpag, Cpbuja

CAMETAK

YBop/Linsmb Mpecbuakysuja nnm ctapayka HarnyBocT je ¢pusio-
JIOLLIKa MojaBa Koja ce MaHndecTyje nocTeneHnm rybutkom ciy-
Xa Ko ogpacnux ocoba. Linrb oBor papa je ncnuraty coumjanHo
1 eMOLMOHAJTHO CTakbe KoJ CTapujux ocoba ca owTehermem
cnyxa.

Mertope VicTpaxuBatbe je cnpoBefeHo Ha OaceKy 3a ayano-
norwujy u sectéynorujy KnmHnuko-60nH1YKor LeHTpa, 3emyH"
CnpoBefeHa je cybjekTrBHa npoLeHa YNUTHUKOM O CIyLUIHOM
XeHavKeny 3a ogpacne ocobe (Hearing Handicap Inventory for
the Elderly — HHIE). OBaj yNUTHWK A13ajHMpPaH je 3a NpoLeHy
€MOLMOHaNHOT 1 colmjanHor GyHKLMOHKCatba ocoba ca npec-
6uraky3mjom, Kao 1 3a npahetbe edexTa CilyLHe pexabunuraum-
je. OcHoBHU nogaLm fobujeHy cy ayAronoLIKOM AnjarHOCTU-
KOM, MyTeM YNUTHNKA 1 HTEPBjyOM Ca NCNUTaHULMA.
Pesyntatin Y oBom nctpaxuBatby yyectsoBasio je 120 ncnmra-
HrKa — 60 MCMUTaHWKa ca cTapaykom HarnysoLwhy Koju Kopu-

DOI: https://doi.org/10.2298/SARH231226050M

cTe cnywHy amnandurKkaumnjy n 60 ncnutaHmKka ca ctapaykom
Harnysowhy 6e3 cnywHe amnnndukauuje. Kog ncnutaHmka ca
CnyLIHOM amnnndmKaLmjom y pesyntatima HHIE Ha noyeTky mc-
TpaXkvBakba 1 Mocse roAnHY laHa HeMa CTaTUCTUYKI 3HavajHe
pasnuke (t = 1,07, df =59, p = 0,28), ann y ckopy HHIE-S youaBa
Ce CTaTUCTMYKM 3HaYajHa pa3nuka (t = 3, df = 59, p = 0,004). Kog
17 ncnutaHuKa Koju Ha MoYeTKy CTPaxmnBarba HUCY Manu CIly-
LIHW anapart, TOKOM jeIHOrOANLLHbEr UCTPaXMBatba CpoBeeHa
je cnywHa amnandrKkaumja 1 ytepheHa je aobpa kopenauuja
HHIE v nopckane Ha Tecty/petecty HHIE.

3akmyuak CnyliHa amnnnduKaLmja YecTo Kog nojefuHala He
1cnyraBa CBOj b — Nobosbllake ClyLlakba U PasyM/bUBOCT
roBopa, LUTO MOXe 61T NnocneayLa HebnaroBpemeHe amniv-
dukaumje.

KrbyuHe peun: ctapocT; npecbuakysuja; ciyLHa OHecnoco-
6/beHOCT; pexabunuTaupja cnyxa
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Positive outcome of a twin pregnancy after the
administration of tocilizumab to a pregnant woman
with severe COVID-19

Isidora Dickov'?, Sanja Bulatovic¢', Dorde Petrovi¢'?, Ksenija Anti¢-Trifunovi¢', Anita Krsman'2

'University Clinical Center of Vojvodina, Clinic for Gynecology and Obstetrics, Novi Sad, Serbia;
2University of Novi Sad, Faculty of Medicine, Department of Gynecology and Obstetrics, Novi Sad, Serbia

SUMMARY

Introduction Tocilizumab is an IgG1 monoclonal antibody targeting the interleukin 6 receptor. We present
a case of a pregnant woman with COVID-19 pneumonia, which rapidly worsened despite the advanced
treatment. Therefore, the administration of tocilizumab was deemed necessary.

Case outline Our patient was a 31-year-old pregnant woman hospitalized on the seventh day after
contracting COVID-19. She was in the 21st week of a twin pregnancy, specifically monochorionic diam-
niotic. Her general condition was severe, accompanied by elevated inflammation markers: C-reactive
protein — 94.6 (mg/L), procalcitonin — 1.44 (ng/mL), and IL-6 — 79.3 (pg/mL), along with extensive bilateral
pneumonia evident in the X-ray image. She required respiratory support in the form of high flow nasal
cannula, continuous positive airway pressure, and intensive monitoring. The following day, her condition
deteriorated further, prompting the decision to administer tocilizumab. After receiving tocilizumab, the
X-ray image deteriorated, but the inflammation markers decreased. After 33 days of hospitalization, she
was discharged with normal laboratory findings and a clear X-ray. On July 16, the patient was admitted
to the Clinic for Gynecology and Obstetrics of the Clinical Center of Vojvodina at 36 weeks of gestation
(35 gw + 2 day) due to premature contractions. On the same day, a caesarean section was performed,
and both neonates were in good general condition.

Conclusion Managing severe COVID-19 in pregnant women poses significant challenges. This case study

suggests that tocilizumab may hold efficacy in treating this condition.
Keywords: tocilizumab; bilateral pneumonia; twin pregnancy; IL-6

INTRODUCTION

The cytokine storm, or cytokine release syn-
drome, plays a pivotal role in the progression
and exacerbation of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2).
Cytokine release syndrome involves an uncon-
trollable immune response marked by elevated
cytokine levels, notably IL-6 [1]. A significant
challenge during the COVID-19 pandemic
is the absence of a proven antiviral drug, es-
pecially for pregnant women. Tocilizumab
(TCZ) has displayed considerable efficacy in
curbing the inflammatory response to SARS-
CoV-2, potentially preventing cytokine storms.
Hence, this medication is being explored as
an off-label treatment for moderate to severe
COVID-19 [2]. TCZ, known as RoActemra® in
the European Union, is a humanized monoclo-
nal IgG1 antibody targeting the IL-6 receptor. It
impedes IL-6 binding to cell receptors, reduc-
ing immune-mediated damage [3]. Treating
pregnant women with COVID-19 poses uncer-
tainties [4]. The United States Food and Drug
Administration (FDA) has categorized TCZ as
a category C drug in pregnancy [5]. There is a
general belief that due to its size and hydro-
philic nature, TCZ mainly remains in the blood
plasma and extracellular fluid [6]. However, the

expanded circulating fluid volume in pregnant
women might lead to reduced plasma con-
centration of many medications as is the case
with TCZ [7]. Some studies have verified TCZ’s
ability to cross the placental barrier, detected
through cord blood tests, newborn plasma, and
even in breast milk [8]. Nonetheless, there is no
definitive evidence indicating an elevated risk
of congenital anomalies [9].

CASE REPORT

Our patient is a 31-year-old pregnant woman
in her second pregnancy (G2P1) in the 21st
gestation week (gw) of spontaneously conceived
and regularly monitored monochorionic-diam-
niotic twin pregnancy without any complica-
tions. She was admitted to the Clinic for
Gynecology and Obstetrics of the Clinical
Center of Vojvodina (CGO CCV) on April 3,
2021, on the seventh day of the illness due to
worsening general condition caused by SARS-
CoV-2. Her symptoms started in the form of
nasal congestion and weak unproductive cough
when nasopharyngeal swab was positive for
COVID-19, based on reverse transcription-
polymerase chain reaction (RT-PCR). During
the initial four days, the patient received oral
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Table 1. Laboratory data during the course of COVID-19

Dickov I. et al.

Day of the disease
'f‘iizci’rg?arn . 7th 8th 9th 10th 11th 16th 27th 40th
reference values
Whbc * (10”L) (4-10) 475 7.97 8.67 7.16 9.33 11.27 10.62 7.21
:\‘Zil;gr/*(;ﬁg;lb))/ (%) 4.26/89.7 7.36/92.4 7.77/89.6 6.12/85.5 7.77/83.3 9.41/83.5 7.95/74.8 4.52/62.7
(Lg?_l:::; ;((ggj}()))/ (%) 0.4/8.4 0.53/6.6 0.76/8.8 0.89/12.4 1.32/14.1 1.26/11.2 1.47/13.8 1.56/21.6
CRP (mg/L) (< 5) 94.6 98.4 100.2 46.7 22.7 1.4 0.28 0.09
PCT (ng/mL) (< 0.05) 1.44 1.42 1.08 0.67 0.42 0.08 <0.05 <0.05
Rbc * (10'%L) (3.9-5.4) 29 3.2 29 2.8 2.9 3 3.31 2.99
Hbg (g/L) (120-160) 88 94 86 82 86 89 29 89
Hct (L/L) (0.37-0.47) 0.26 0.28 0.26 0.25 0.26 0.26 0.29 0.26
PLT * (10°L) (140-400) 93 117 122 153 178 302 257 110
D-dimer (mg/L) FEU (< 0.5) 1.27 2.06 1.45 2.06 5.40 4.5 1.56 0.89
Blood sugar (mmol/L) (3.9-6.1) 5.2 6.6 43 4.4 54 5.3 4.5 4.8
Arterial blood analysis
pH 741 7.42 7.45 743 7.45 747 747
pCoO, (mmHg) 36 37 38 42 42 38 344
pO, (mmHg) 85 87 91 104 351 163 100.2
Lac (mmol/L) 1.1 1 0.8 1.6 1.5 1.4 1.72
HCOS(mmol/L) 22.8 25.2 26.4 279 29.2 27.7 25.7
SO, (%) 96 96 97 98 100 100 100

Whbc - white blood cells; Neutr - neutrophils; Lymph - lymphocytes; Rbc - red blood cells; Hbg - hemoglobin; HCT — hematocrit; PLT - platelets;
pCO, - partial pressure of carbon dioxide; pO, - partial pressure of oxygen; Lac - lactate; HCO - bicarbonate; SO, - oxygen saturation

cephalosporin antibiotic (cefixime) as an outpatient. As her
condition worsened with the increased body temperature
up to 38°C, she was subsequently admitted to a secondary
health facility where she underwent treatment with paren-
teral cephalosporin antibiotic (ceftriaxone), antipyretics,
and received oxygen therapy through a nasal cannula. She
had never undergone surgery, had not had any serious ill-
nesses, did not receive regular therapy for chronic condi-
tions and she did not have any allergies. On the admission
to CGO CCV, the patient was conscious, oriented, com-
municative, without neurological symptoms, afebrile, nor-
motensive, tachycardic up to 120 beats/minute, tachypneic
with 26 respirations per minute, and oxygen saturation
88-92% with oxygen therapy via oxygen mask flow of
15 L/minute. We verified by ultrasound a vital monocho-
rionic-diamniotic twin pregnancy at the 21st gw, a normal
amount of amniotic fluid, placenta localized on the poste-
rior wall, and both fetuses exhibited normal anatomical
structures. During the examination, there was a further
drop in oxygen saturation to 85% with 29 respirations per
minute. Due to her severe general condition, respiratory
insufficiency and tachydyspnea, she was transferred on the
same evening to the Intensive Care Unit (ICU) and non-
invasive ventilatory support was started. The continuous
positive airway pressure (CPAP) started with (FiO, 100%,
PEEP 5 cmH, O, Psupp 5 cmH,O) with the intermittent
application of high-flow nasal cannula (FiO, 100%, flow
70 L/minute) where saturation of oxygen (SpO,) was 100%.
Gas analysis and blood count (Table 1) showed the patients
anemia with elevated values of inflammation markers CRP
and procalcitonin. Next morning, the X-ray revealed bilat-
eral diffuse opacities that radiologically correspond to

‘ DOI: https://doi.org/10.2298/SARH230901048D

massive bilateral pneumonia with preserved transparency
of the lung apices (Figure 1). On the eighth day of the illness
and the second day of hospitalization, dual antibiotic par-
enteral therapy ceftriaxone 1 gr / 24 hours and piperacillin/
tazobactam 4.5 gr / 6 hours, corticosteroid dexamethasone
8 mg / 24 hours i.v., therapeutic doses of low molecular
weight heparin (LMWH) dalteparin 5000 IU / 12 hours
s.C., gastroprotective pantoprazole 40 mg / 24 hours per os,
and vitamin therapy were prescribed according to the
National Guide for the Treatment of SARS-CoV-2, Version
11 [9]. Dual antibiotic therapy was prescribed for only one
day, after which it was continued with piperacillin/tazobac-
tam monotherapy. During the same afternoon the patient
was afebrile, normotensive, tachycardic up to 123 beats/
minute, tachypneic with 27 respirations per minute with
rapid desaturation on room air SpO, < 80%. The IL-6 val-
ue was 79.3 pg/mL, which is nearly 20 times higher com-
pared to values in healthy pregnant women in the second
and third trimesters of pregnancy. Considering the worsen-
ing of her general condition, extremely elevated IL-6 levels
and values of inflammatory parameters, massive bilateral
pneumonia, the need for high FiO, and oxygen therapy
flows, in agreement with the infectious disease specialist,
it was decided an administration of intravenous TCZ in a
double dose of 8 mg/kg for 2 days (on the eighth and ninth
days of the disease). After the second dose, there was a
decrease in the values of the inflammation markers with
an increased level of d-dimer (Table 1). Despite unchanged
parameters of oxygen therapy, there is an improvement in
arterial blood gas exchange (Table 1). On the 10th day, the
patient’s general condition was better. The control X-ray
image, taken a day after the second dose of TCZ (Figure 2)
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Figure 1. X-ray of the patient’s heart and lungs on the eighth day of
iliness, before the administration of tocilizumab; chest radiograph
reveals shadows in bilateral lung fields, with preserved transparency
of the lung apices

Figure 3. X-ray of the patient’s heart and lungs seven days after the
administration of two doses of tocilizumab; compared to the previous
chest X-ray, there is slightly increased transparency in the right lung
and lower part of left lung due to a mild regression in the density of
merged consolidations, accompanied by a less pronounced air bron-
chogram and a more clearly outlined hemidiaphragm - all consistent
with mild regression

indicates a progression of bilateral pneumonia with less
prominent lung apex transparency. Regarding the course
of the pregnancy and an ultrasound examination, every-
thing was normal, and the pro-inflammatory markers con-
tinued to decrease. Due to the improvement in saturation,
the usage of high-flow nasal cannula and continuous pos-
itive airway pressure was stopped, so the patient began us-
ing an oxygen mask with an oxygen flow of 12 L/minute.
The administration of parenteral antibiotics was complet-
ed on the 16th day of the illness. The blood tests revealed
normal renal and liver function tests as well as the analysis
of urine and hemostatic system. Anemia was persistent in
laboratory findings, with reduced iron levels of 6.5 umol/L
(reference range for the second trimester of pregnancy is
8-32 pmol/L), along with normal values of transferrin, fer-
ritin, folic acid, and vitamin B,,. Mild leukocytosis was also

Srp Arh Celok Lek. 2024 Jul-Aug;152(7-8):391-396

Figure 2. X-ray of the patient’s heart and lungs a day after the ad-
ministration of two doses of tocilizumab; lung fields on both sides
with persistent diffuse shadowing, more extensive compared to the
previous finding
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Figure 4. X-ray of the patient’s heart and lungs 14 days after the admin-
istration of two doses of tocilizumab; significant regression of inflam-
matory changes in the lung parenchyma on both sides

present, a phenomenon called glucocorticoid-induced leu-
kocytosis [10]. Due to the continuous use of corticosteroids,
blood sugar levels were measured daily, which showed el-
evated values only once — 6.6 mmol/L. Seven days after the
second dose of TCZ, an X-ray was taken again (Figure 3),
where a greater transparency of both lungs and a clearer
outline of both hemidiaphragms was evident, which point-
ed to the regression of the disease. Considering the im-
proved general condition, the reduced need for oxygen
therapy as well as the vital twin pregnancy, it was decided
to transfer the patient to the CGO CCV, to a unit dedicated
to pregnant women and postpartum mothers with
COVID-19 named Covid-7 unit of CCV after 10 days spent
in the ICU. During her stay at the CGO CCYV, the vital
parameters, blood, and urine laboratory analyses, as well
as regular ultrasound checks, were consistently monitored.
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As the gas exchange parameters improved, the patient re-
ceived oxygen therapy through a 7 L/minute flow mask,
but after a few days the patient switched to oxygen therapy
via a nasal cannula. On the 27th day of the illness, in the
laboratory findings, the inflammation marker continued
to decline along with the improvement of anemia. Fourteen
days after the administration of two doses of TCZ, the X-ray
(Figure 4) was performed, which showed a significant re-
gression of the inflammatory changes in the lung paren-
chyma on both sides. After 25 days of hospitalization, the
use of corticosteroids was completely stopped, gradually
decreasing the dosage daily. In the following days, the ad-
ministration of oxygen therapy was discontinued. The pa-
tient was breathing spontaneously, maintaining oxygen
saturation 98-99% in room air, with a respiratory rate of
16-18 breaths per minute. After 33 days spent in the hos-
pital, the patient was discharged. She had normal vital pa-
rameters without any subjective complaints. Ultrasound
findings showed a normal twin pregnancy. On July 16,
2021, the patient was hospitalized again at the CGO CCV,
due to premature contractions in the 36th gw. On the same
day, a caesarian section was performed, and both neonates
were in good general condition. The patient was feeling
well, without any respiratory complaints. The blood labora-
tory analysis showed persistent anemia, with negative CRP
findings. Two live male neonates were born with body
masses of 2850 g and 2590 g, respectively, and body lengths
of 48 cm each. Both Apgar scores (AS) were 10/10. The
caesarian section was uneventful under spinal anesthesia,
with blood loss of about 400 mL and regular vital param-
eters. Neonates were eutrophic, normal muscle tone and
well adapted. Due to prematurity and monochorionic twin
pregnancy, both neonates were admitted to the semi-inten-
sive care unit. Three hours after delivery, capillary blood
gas analyses were performed on both twins and acid-base
status, gas analysis, glycemia, and electrolytes of the capil-
lary blood were normal. Blood cultures and CRP levels were
tested and found to be negative. Still, a dual antibiotic treat-
ment was empirically applied for a concise period of three
days. The neonates went to the nursery regularly. There
were no signs or effects of COVID-19. On the fifth post-
operative day, the patient was discharged with both chil-
dren. At the time of discharge, both twins were in a good
overall condition, with normal findings in capillary blood.
The postoperative period proceeded without complications
or any symptoms of respiratory insufficiency. The histo-
pathological examination of the placenta revealed a mono-
chorionic placenta without pathological changes. On the
follow-up examinations, the patient was in good general
condition with an uneventful postpartum course.

In a phone conversation with the patient two years af-
ter the delivery, she mentioned having no health issues
and regularly consulting a pulmonologist. Regarding her
children, both boys are healthy, showing age-appropriate
psychomotor development, up to date with vaccinations,
and attending kindergarten alongside their peers.

The written consent to write and publish this case report
was obtained from the patient. The review was approved by

‘ DOI: https://doi.org/10.2298/SARH230901048D
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the Ethics Committee of the Clinical Center of Vojvodina
number 00-88/22.

DISCUSSION

In light of sparse data, our objective was to evaluate the
maternal and neonatal safety outcomes linked to the ad-
ministration of TCZ in pregnant patients severely affect-
ed by COVID-19 at CGO CCV. The Treatment Protocol
for COVID-19 in the Republic of Serbia (11th Version)
[11], alongside the majority of international protocols
for managing SARS-CoV-2, recommends the use of IL-6
inhibitors, corticosteroids, LMWH, and oxygen therapy;,
in addition to starting empirical antibiotic treatment
pending the identification of specific pathogens [12].
A particularly alarming observation for our medical team
was the marked elevation of IL-6 levels in our patient. It’s
noted that serum IL-6 concentrations are naturally higher
in pregnant women compared to non-pregnant women.
Furthermore, these levels are elevated in the later stages
of pregnancy, the second and third trimesters (below
4.4 pg/mL), in comparison to the first trimester (below
3.52 pg/mL). Our patient’s IL-6 levels were found to be
almost 20-fold higher than those observed in healthy
women during their second and third trimesters [13].
According to the study by Isaac et al. [14], the classifica-
tion of pregnant women upon their hospital admission
was based on the WHO severity scale, a tool recom-
mended by the WHO Working Group for the Clinical
Characterization and Management of COVID-19 infec-
tion to assess the progression of the disease in patients.
This scale spans from 0 (uninfected) to 10 (deceased),
indicating disease severity and involves signs of clinical
worsening, such as increased need for oxygen, declining
radiographic outcomes, and escalating levels of inflam-
matory markers like IL-6, CRP, and d-dimer [15]. Upon
the patient’s admission to the CGO CCV, the WHO score
was 5, which increased to 6 in less than 12 hours. Our
decision to start TCZ treatment was made as our patient
exhibited clinical and radiological deterioration and her
WHO score increasing. In the research conducted by Isaac
et al. [14], 28 expectant mothers with a WHO severity
score of six and critical COVID-19 were treated with TCZ.
Their findings indicated that the majority of these pa-
tients experienced a steady recovery in both clinical and
radiological terms following the initiation of therapy, with
no substantial adverse reactions observed in either the
mothers or their babies. Similar findings were reported by
Abdullah et al. [16], in a report of two pregnant women
with evidence of acute cytokine storm. Both of these pa-
tients improved clinically after the use of a single dose of
intravenous TCZ in addition to supportive treatments.
The most extensive trial included, RECOVERY [17], dem-
onstrated that administering a low dose of dexamethasone
reduced mortality by 20% in COVID-19 patients needing
oxygen and by 33% in those requiring mechanical ventila-
tion. Considering that pregnancy is already a thrombotic
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condition, with increased production of thrombin and
intravascular inflammation, we immediately started with
prophylactic doses of LMWH. In our patient, the presence
of multiple elevations in procalcitonin and CRP values
indicated the possibility of a bacterial superinfection. This
led to the commencement of empirical antibiotic treat-
ment. Considering the heightened levels of neutrophils,
as well as the requirement for non-invasive ventilatory
support and a stay in the ICU, the decision was made to
prescribe piperacillin/tazobactam as a category B drug for
use in pregnancy by the FDA [18].
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Thanks to a multidisciplinary team consisting of an in-
fectious disease specialist, gynecologist, intensivist, pulmo-
nologist, radiologist, anesthesiologist, and a neonatologist,
the patient was successfully cured, without consequences
for her or her children’s health.

The additional research is certainly needed on the ef-
fectiveness of TCZ use and the potential side effects of
this drug in pregnant women with severe clinical course
of COVID-19.
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No3utueaH ucxod 6a13aHauke TpyaHohe nocne npumeHe Touunusymaba
KOA TPYAHULE ca TeWwKUm 061MKom Kosuaa 19

Wcupopa Anukos'?, Carba bynatosuh', hophe Metposuh'?, KceHnja AuTuh-TpudyHosuh', AHnta Kpcman'™

'YHUBEP3NTETCKN KNMHWUYKY LieHTap BojsoanHe, KnuHuka 3a ruHekonorujy 1 akywepctso, Hosu Cap, Cpbuja;
2Ynueepautet y HoBom Cagy, MegnumHckm pakyntet, Kateipa 3a ruHekonorujy v akywepctso, Hosu Cag, Cpbuja

CAXETAK

YBog Tounnusymab je /gGT MOHOKIOHCKO aHTUTENO NPOTUB
peLenTopa nHTepneyknHa-6. lNpepcrasbamo ciyyaj TpyAHU-
Lie ca TeLWKUM 061NKOM NMHEYMOHNje n3a3BaHe KoBuaom 19.
YnpKoc neyetby, cTatbe 60MecHyLe ce 6p30 NOropLUIaBaso Te
je npymeHa Tounnmsymaba 6una HeonxogHa.

Mpuka3 6onecHnka Hawa 6onecHrua je 6una 31-roguirba
TPyAHWLA, XOCMUTan/“30BaHa CeAMOr fjaHa of, NojaBe CUMMTO-
Ma KoBupaa 19.Y nutamy je 6rna 6ar3aHauKa MOHOXOPYIOHCKA
JOMaMHUOHCKa TpyaHoha y 21. rectaumjckoj Hegerbu. OnwTe
CTarbe 6onecHULe 6UIIO je TELLKO, Ca MOBMLIEHUM MapKepuMa
nHdnamaumje: C-peakTMBHY NPOTENH — 94,6 (mg/L), npokanuu-
TOHWH — 1,44 (ng/mL) v unTepneykunH-6 — 79,3 (pg/mL), y3 npu-
CyTHY MacvBHy 6unatepanHy nHeymoHujy. buna joj je notpebHa
pecnupaTopHa MoApLUKa Yy BuAy Tepanmje KUCEOHNKOM BUCOKOT
NPOTOKa NPEKO Ha3aHe KaHue 1 MpYMeHe KOHTUHY pPaHor

DOI: https://doi.org/10.2298/SARH230901048D

MO3UTUBHOT MPUTUCKA NMPEKO JIMYHE MacKe, Y3 NHTEH3MBAH
Hag3op. [laH nocne nprjema onwTe CTake joj ce NoropLuano,
na je ofyyeHo fja ce NpuMeHu Touunmsymab. HenocpegHo
nocse nprmeHe Touunysymaba AoLWwso je 4o Nporpecuje nHe-
YMOHUje, anu cy Mapkepu nHdnamauuje 6unu y nagy. Mocne
33 gaHa xocnuTanu3auuje oTnyLITeHa je ca ypeaHum fabopa-
TOPUjCKMM Hanasrma 1 HOPMasHUM PEHATEHCKUM CHUMKOM.
Ha KnnHuky 3a ruHekonorujy un akywwepcrso npumsbeHa je 16.
jynay 36. rectaumjckoj Heperbu (35 Hefiesba + ABa AaHa) 36or
npeBpemMeHnx KOHTpaKuuja. icTor AaHa HaunbeH je Lapcku
pe3 1 oba HoBopoheHuYeTa cy 6una y 4OO6POM OMLITEM CTakby.
3aksbyuak Jleuetbe TewwKor 06vKa KoBuga 19 kog TpyaHuLa
npepcTaBba n3a3os. OBaj NpuKas bonecHrka nokasyje fa 1o-
umnmusymab moxe 61T eduKacaH y neyery Tor CTama.
KmbyuHe peun: Tounnmsymab; bunatepanHa nHeymoHwja; 6au-
3aHayka TpyaHoha; IL-6
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En bloc kidney transplantation of an infant
to an adolescent girl — one-year follow-up
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SUMMARY

Introduction En bloc kidney transplantation (EBKT) overcomes the problems of insufficient nephron
mass of the solitary kidney of the youngest donors and the creation of a vascular anastomosis with
small blood vessels. Although there are positive experiences with EBKT in adult patients, there is little
data in pediatric recipients.

Case outline The kidney donor was a six-month-old male infant (7 kg), and the recipient was a 16-year-old
adolescent girl (58.7 kg). The estimated glomerular filtration rate increased during the one-year follow-up
after EBKT and reached 88.8 ml/min/1.73 m? which was accompanied by an increase in the dimensions
of the medial and lateral kidneys. Normalization of proteinuria and tubular functions occurred six and
12 months after transplantation, respectively.

Conclusion EBKT in an adolescent girl was performed without vascular complications, with satisfactory
kidney function and physiological values of proteinuria after a one-year follow-up. EBKT of infants could
increase the number of cadaveric donors but also enable better function and survival of the graft, given
that the growth and functional maturation of the infant’s kidneys continue postnatally in the body of

the graft recipient.
Keywords: en bloc kidney transplantation; small infant donor; pediatric recipient; postnatal kidney
maturity

INTRODUCTION to the outcome of EBKT in pediatric recipients,

Kidney transplantation is the gold standard
for renal replacement therapy in children [1].
Although pediatric recipients have priority in
the allocation of cadaveric grafts [2], the num-
ber of pediatric cadaveric transplants is low
primarily due to the small number of quality
cadaveric grafts. By changing the demographic
characteristics of adult cadaveric donors after
brain death (older age, higher body mass index,
comorbidities such as hypertension and diabe-
tes), the quality of the cadaveric graft worsened
[3]. Having in mind that every pediatric patient
with end-stage renal disease needs at least two
to three kidney transplants for an average life
span, the importance of long-term survival of
the transplanted kidney is clear, from which
it follows that borderline donors are not the
best solution for them. En bloc kidney trans-
plantation (EBKT) implies transplanting both
kidneys in a pair together with part of the aorta
and inferior vena cava, which overcomes the
problems of insufficient nephron mass of the
solitary kidney of the youngest donors and
the creation of a vascular anastomosis with
small blood vessels [4]. Application of this
transplantation method is one way to increase
the donor pool of quality grafts for pediatric
patients [5-8]. There are numerous positive
experiences with EBKT in adult patients [3,
9-13]. However, there are few studies related

especially if the graft donor was an infant [5,
7,8, 14, 15]. The aim of our work is to present
the one-year clinical course of EBKT of a six-
month-old infant to an adolescent girl.

CASE REPORT

The kidney donor was a six-month-old infant
(7 kg), whose cause of death was a ventricular
arrhythmia caused by a fetal rhabdomyoma
of the heart. The recipient of the kidney was
a 16-year-old girl (58.7 kg), with a congenital
anomaly of the urinary tract. At the age of 12.5
years the girl was referred to a nephrologist for
the first time, due to unrecognized advanced
chronic kidney disease. She was on chronic
hemodialysis from the age of 13.5 years, until
transplantation. EBKT was performed by cre-
ating a venous T-L anastomosis between the
external iliac vein of the recipient and inferior
vena cava of the donor, and the arterial anasto-
mosis was created between the external iliac ar-
tery of the recipient and the aorta of the donor
(Figure 1). Cold ischemia lasted 6 hours and
35 minutes, and warm ischemia 52 minutes.
Immunosuppressive therapy with basiliximab,
corticosteroids, tacrolimus and mycopheno-
latemofetil was administered. Due to delayed
graft function, the patient required three hemo-
dialysis sessions. The urinary catheter, clogged
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Figure 1. Kidneys transplanted using the en bloc surgical technique,
after the creation of vascular anastomoses and established reperfusion

Cvetkovi¢ M. et al.

and lateral kidney, measured by ultrasound. Normalization
of proteinuria occurred six months after transplantation.
Tubular functions reached physiological values one year
after transplantation.

The authors declare that the article was written ac-
cording to ethical standards of the Serbian Archives of
Medicine as well as ethical standards of medical facilities
for each author involved. No personal data of the patient
were presented in the manuscript. Written consent was
obtained from the patient and her parent.

DISCUSSION

Survival, growth, cognitive development and quality of
life of transplanted children are incomparably better and
morbidity rate is lower, compared to children on dialysis

[1]. Pediatric patients on dialysis have a 78%

Figure 2. Spontaneously voided coagulums from the urinary bladder after removal

of the urinary catheter on the eighth post-transplantation day

by a large coagulum, was removed on the eighth post-
transplantation day, after which the patient spontaneously
passed out several more coagulums (Figure 2). On the 10th
post-transplantation day, a perirenal collection was verified
by ultrasound, positioned in front of both transplanted
kidneys and ureters, which progressively increased, and
on the 17th post-transplantation day its dimensions were
97 x 61 x 25 mm. Due to compression on the venous
flow in the lateral kidney, two months after transplanta-
tion, drainage of this perirenal collection was performed.
Cytological and biochemical findings indicated a lympho-
cele. Recurrent lymphocele was treated by laparoscopic
fenestration at the end of the third post-transplantation
month. During the second post-transplantation month,
the clinical course was complicated by cytomegalovirus
disease, treated with valganciclovir, human cytomegalo-
virus immunoglobulin, and immunosuppressive therapy
reduction. In the fourth post-transplantation month, the
patient was diagnosed with SARS-CoV2-infection, which
was successfully treated with immunosuppression therapy
reduction and supportive therapy. None of the listed com-
plications affected the functional maturation of the grafts
(Table 1). The estimated glomerular filtration rate (eGFR)
during the one-year follow-up increased, which was ac-
companied by an increase in the dimensions of the medial

‘ DOI: https://doi.org/10.2298/SARH240530060C

higher risk of cardiovascular death compared
to age-matched transplanted patients [16].
Furthermore, early transplantation in children
limits the accumulation of cardiovascular risk
such as intima-media thickness, marker of
atherosclerosis, which increases in children on
dialysis over time, and remains stable for years
after kidney transplantation [17]. Worldwide
there is a growing discrepancy between the
number of available cadaveric grafts and the
number of potential recipients, which is the
cause of longer waiting time for a cadaveric kid-
ney [7]. Also, with changing the demographic
characteristics of adult cadaveric donors, the
number of borderline donors increased [3];
however, they are not a good option for pedi-
atric patents due to the extreme importance of long-term
graft survival in this population. Therefore, the impor-
tance of increasing the donor pool of organs for child
transplantation is clear, and EBKT is one of the possible
solutions to this problem [8, 18]. Furthermore, children
who receive a kidney from a pediatric donor have a bet-
ter long-term graft outcome compared to children who
receive a kidney from an adult donor [19]. EBKT remains
a challenge for surgeons, given that it is accompanied by a
higher frequency of vascular and urological complications
[18]. A good selection of donors and recipients, improve-
ment of surgical technique, shorter cold ischemia time,
better immunosuppressive therapy, as well as postoperative
anticoagulation and antiplatelet therapy, contributed to a
significant reduction in the rate of these complications [4,
7,8, 12, 13]. Regarding early post-operative complications,
our patient had large coagulums in the urinary bladder
(Figure 2) and perirenal lymphocele, which was success-
tully treated by laparoscopic fenestration.

Utilization of very small pediatric donor kidneys can
provoke hyperfiltration injury, but careful recipient selec-
tion and EBKT technique (doubling the nephron mass)
with adequate follow-up of transplanted patients, success-
tully overcomes this problem, and provides similar graft
survival in comparison with adult deceased donor or even
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Table 1. Functional maturation and growth of infant kidneys transplanted in pair

results [5, 7, 8, 14, 15]. Yaffe HC et al. [14] and

Months after EBKT Winnicki et al. [7] compared pediatric recipi-
Parameters . c
1 3 6 9 12 ents with grafts from small pediatric donors and
eGFR (ml/min/1.73 m?) 26.1 46.2 68.6 77.2 88.8 pediatric recipients with grafts from standard
Medial kidney size (mm) | 68 x35 | 86x38 | 95x34 | 95x42 | 102x44 donors, and showed that the one-year survival
Lateral kidney size (mm) | 64x41 | 76x44 | 91x44 |100x44| 105x49 of grafts was slightly poorer in the group of re-
FeNa 5.5 FeNa 2.47 FeNa1.96 |  cipients of small pediatric grafts, but five years
Tubular functions (%) FeK 46.7 FeK 18.9 FeK 12.01 after transplantation the outcome was practi-
TRP 53 TRP 74.2 TRP 84.3
. - — cally the same. Chesnaye et al. [15] analyzed the
Urine protein creatinine A o
ratio (UPCR) (mg/mg) 127 0.21 0.14 five-year graft survival of small pediatric donors

EBKT - en bloc kidney transplantation; eGFR - estimated glomerular filtration rate;
FeNa - fractional excretion of sodium; FeK - fractional excretion of potassium; TRP - tubular

reabsorption of phosphate; UPCR - urine protein creatinine ratio

living donor kidneys [4, 7, 11]. One year after transplan-
tation, our patient had eGFR 88.8 ml/min/1.73 m? with
normal proteinuria values, which points against hyperfil-
tration damage of EBKT.

The newborn kidney differs from the mature kidney
anatomically, histologically and functionally. The GFR
of a term newborn is low and after birth it continuously
increases. Functional maturation of the nephron is com-
pleted by the end of the second year of life [20]. In case
the kidney donor is an infant, the functional maturation
and growth of the infant kidneys continue in the body
of the graft recipient [4, 8, 21]. Table 1 clearly shows the
functional maturation of nephrons and the growth of in-
fant kidneys transplanted in a pair to the adolescent girl.

Numerous studies have shown the excellent outcome
of EBKT of small pediatric kidneys in adult graft recipi-
ents in terms of graft function and survival [4, 11, 12, 22].
Recently published follow-up results (mean follow-up of 65
months, range 7-220 months) of adult patients after EBKT
indicated excellent results: 100% patient survival and cre-
atinine clearance which increased during the first three
years before reaching stabilization (at 10 years, the mean
creatinine clearance was 112 ml/minute, 95% confidence
interval 107-117) [4]. During the last year, two EBKT to
adults from preterm neonate donors after circulatory death
(< 30 weeks gestation and weight < 1.2 kg) with accept-
able results five and nine months post-surgery have been
described in the literature [23]. On the other hand, a low
percentage of EBKT was performed in pediatric recipients
[7]. This is why there is a small number of studies assess-
ing the long-term survival of grafts transplanted with this
surgical technique in pediatric graft recipients. However,
the experience of individual centers indicates promising
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En bloc TpaHcnnaHTaumja 6ybpera ogojueta af0NeCLEeHTKUIbY — je4HOTOAULLIbE

npahewe

MwupjaHa LieTkoBUh'?, AHa lMetposuh', Bnagumup Pagnosuh'? MBaHa lojkosuh', BpaHkuua Cnacojeuh'2

'YHuBep3uTeTCKa fievja KNnHKKa, beorpag, Cpbuja;
YHusep3utet y beorpagy, MeguunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBopg TpaHcnnaHTauujom 6ybpera y 6noky (en bloc) (EBTB)
npe.asuase ce Npobnemy HeloBo/bHe HedPOHCKe Mace Co-
nutapHor 6ybpera HajmMnahyx AoHOpa 1 Kperparba BackynapHe
aHacToMo3e ca ManuM KpPBHUM CyAoBUMa. Mako noctoje no-
31TMBHa UCKycTBa ca EBTB kog ogpacnux 6onecHuka, Mano je
rofataka Koj nNeaujaTpujcknx npumanauia.

Mpukas 6onecHuka [JoHop 6ybpera 6uno je LWecTomeceyHo
MyLLKo opojue (7 kg), a npumanal, agonecLeHTKUHba y3pacTa 16
roguHa (58,7 kg). MpouereHa jaumHa rnomepyncke ¢untpavmje
TOKOM jeHoroguiker npahera nocne EGTB je pacna v goctu-
rna 88,8 ml/min/1,73 m? wro je npaheHo nopacTom AMMeH3Vja
MeamjanHor 1 natepanHor 6ybpera. Hopmanusauuja npoteun-

DOI: https://doi.org/10.2298/SARH240530060C

Hypuje NOCTUrHYTa je WeCT MeceLy Nocse TpaHCnaaHTauuje, a
Tybynckux GyHkuUwmja nocne 12 meceuy.

3akmyuak EBTE Kog agonecueHTKrbe je NnpoTekna 6e3 Ba-
CKynapHUX KOMNAUKaLuuja, ca 3afoBosbaBajyhom GpyHKLjom
6y6pera v ¢V3MOoNOWKNM BPeAHOCTMMA NPOTENHYpYje nocsie

jepHorogumwiser npahetba. EBTB opojuagm morna 6u aa noseha

6poj KafaBepUUYHMX AOHOPa, anv 1 fa omoryhu 6oy dyHK-
umMjy 1 NpexuBrbaBatbe rpadTa ¢ 063Mpom Ha To fja ce pacT 1
bYyHKLUMOHaNHO ca3peBatbe 0fl0jaukux bybpera HacTaBbajy
MocTHaTasHO 1y Tefly npumaoLa rpadra.

KmbyuHe peun: en bloc TpaHcnnaHTayuja bybpera; ogojye go-
Hop Oybpera; NneanjaTpujcKkM Nprmanal; NocTHaTalHO ca3pe-
Babe 6ybpera
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Metastatic melanoma of the gallbladder
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SUMMARY

Introduction Malignant melanoma is a tumor of the melanocytes and is one of the most aggressive tu-
mors. In most cases, the first symptoms appear in the metastatic phase of the disease. In clinical practice,
malignant melanoma very rarely metastasizes to the gallbladder. Modern diagnostic methods include
18F-fluorodeoxyglucose positron emission tomography, new computed tomography protocols, new
nuclear magnetic resonance for melanoma protocols, and contrast-enhanced ultrasound. The article
aims to emphasize the necessity of radical surgical treatment of metastatic melanoma of the gallbladder.
Case outline We present a rare case of metastatic malignant melanoma of the gallbladder, which was
treated with cholecystectomy and radical surgical excision of all metastatic lesions.

Conclusion All patients with a positive anamnesis for malignant melanoma require to be checked for
the spread of the disease to the gallbladder and subsequent surgical treatment.

Keywords: malignant melanoma; gallbladder; metastasis; surgical treatment

INTRODUCTION

Malignant melanoma (MM) is caused by the
malignant proliferation of melanocytic cells.
Most commonly, primary MM occurs in the
skin, and less commonly in the eyes, gastroin-
testinal tract, genitourinary system, lymphatic
system, and soft tissues [1, 2, 3]. Metastases
most often occur in the lymph nodes, lungs,
liver, and brain [4, 5]. According to the litera-
ture, primary and secondary MM of the gall-
bladder has been diagnosed only in 58 patients
so far [6]. Wieting and Hamdi [7] reported the
first case of MM metastasizing to the gallblad-
der in 1907. About 50% of gallbladder metas-
tases are attributed to MM. Apart from the
embryological origin, one of the explanations
may be that MM often spreads hematogenously
[8, 9]. For most patients, the primary tumor
is asymptomatic until metastatic disease is
diagnosed [10, 11, 12]. Namely, diffuse meta-
static disease involves other intra-abdominal
organs in 60% of cases [13]. Preoperative di-
agnosis of MM of the gallbladder is challeng-
ing [14]. In addition to clinical presentation,
other diagnostic procedures such as ultrasound
(US), computed tomography (CT), magnetic
resonance imaging (MRI) of the abdomen, and
18F-fluorodeoxyglucose positron emission to-
mography (FDG PET-CT) could be performed,
enabling the differentiation of a malignant from
a benign gallbladder tumor [15]. However,
pathohistological and immunohistochemi-
cal examination is the gold standard. Surgical
treatment is the preferred method of treatment.

In this article, we present a rare case of meta-
static MM of the gallbladder.

CASE REPORT

A 35-year-old man was admitted to our depart-
ment due to pain in the right hypochondrium
and nausea. A year earlier, the patient under-
went left pneumonectomy due to large cell
lung cancer. He had no other comorbidities.
The tumor markers were within the normal
ranges. US, CT, and MRI examinations of the
abdomen and pelvis revealed a tumor in the
lumen of the gallbladder, 64 x 39 mm in di-
ameter. Also, several soft tissue nodular lesions
were detected in other locations: one lesion in
the greater omentum, 8 x 8 mm; two lesions
in the front abdominal wall at the level of the
right rib arch, 40 x 30 mm in size, and supra-
pubically, 8 x 6 mm in size; one lesion in the
right inguinal region, 25 x 20 mm in size; and
one lesion in the subcutaneous region of right
shoulder measuring 18 x 15 mm (Figure 1).

Figure 1. Magnetic resonance imaging scan: axial post-
contrast T1-weighted image in the portal venous phase
clearly depicts an intraluminal viable tumorous lesion
of the gall bladder (black arrow), and also an opacified
nodular lesion, subcutaneously in the right anterior ab-
dominal wall (white arrow)
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melanin-producing cells from the neural crest
to derivatives of the endoderm during embry-
onic development might explain the presence
of melanocytes within their mucosa. This could
explain the possibility of the development of
primordial melanoma in these organs [16].
MM of the gallbladder makes up 50-67% of all
gallbladder tumors [17]. According to autopsy
findings, gallbladder and biliary tract metas-
tases occur in approximately 15% of patients
with MM metastases in the gastrointestinal
tract. However, there are significant statisti-
cal discrepancies in the scientific literature re-
garding this issue [18]. In some cases, patients
are asymptomatic or have symptoms such as
are pain under the right rib cage, nausea and
vomiting, food intolerance, weight loss, and
diarrhea [11]. Jaundice can develop due to the
infiltration of the bile ducts by the tumor or
as the result of their compression. Rarely, a
biliary fistula may develop and hemobilia may
occur [15]. We must always bear in mind the
differential diagnosis, such as primary malig-
nant tumors of the gallbladder, benign polyps,

Figure 2. a - macroscopic image: solid and black-pigmented tumorous lesions were  and adenomyomatosis. Preoperative diagnosis
ver.lﬁed by cutting out thf.' lesions f.rom. the subcutaneous fatty tissue; b —insular apd is established based on US, CT, MRI, or PET/
solid/trabecular histological organization of melanoma cells with areas of hyperpig- L. finiti . is is of
mentation; c — tumor cell showed strong cytoplasmic immunoexpression of HVMB-45 CT examinations. A definitive diagnosis is of-

During the same surgical procedure, cholecystectomy,
excision of the tumorous lesion from the greater omentum,
and lymphadenectomy were performed. Two nodular le-
sions were excised from the anterior abdominal wall, one
was removed from the right groin area, and one was ex-
cised from the right shoulder region (Figure 2a). Complete
surgical exploration found no other tumorous lesions in
the abdomen and pelvis.

Definitive histopathological and immunohistochemical
tindings confirmed metastatic melanoma of the gallblad-
der, the greater omentum, and subcutaneous tissue of the
subcostal, shoulder, and right inguinal regions (Figure 2b).
All of the examined tissue samples showed nodular meta-
static tumor deposits, of whom most showed clear borders
and had free margins, indicating RO resection. All tumor
cells showed clear diffuse cytoplasmic immunoreactivity,
positive for Vimentin, HMB-45, S-100, while a part of the
tumor cells was positive for Melan A and Synaptophysin,
and focally for epithelial membrane antigen (Figure 2c).
The Ki-67 proliferative index was 80%.

The article was approved by the ethics committee of
the University of Belgrade Medical Faculty (No. 1038/7).

DISCUSSION

MM is a very aggressive tumor with a high metastatic
potential and a high mortality rate. Men and women
are affected almost equally. The pathogenesis of metas-

tases has not yet been fully elucidated. The migration of

‘ DOI: https://doi.org/10.2298/SARH230926049N

ten established by combining multiple imag-

ing modalities. However, it is very difficult to
distinguish preoperatively between gallbladder metastases
and primary gallbladder tumors. US can be the initial ex-
amination for evaluating metastasis of melanoma in the
gallbladder. Contrast-enhanced US is useful in differen-
tiating between solid wall lesions and tumefactive biliary
sludge, but it is not possible to make a differential diagno-
sis between adenocarcinoma and gallbladder metastases.
Compared with contrast-enhanced US, CT is the method
of first choice and the most commonly used method for
staging and monitoring therapeutic response in melanoma
patients. CT examination of the gallbladder is based on the
detection of tumor localization (fundus, body, neck, cystic
duct, diffuse), tumor morphology (infiltrative, polypoid,
mass-forming), degree and pattern of enhancement, depth
of invasion and signs of concurrent cholecystitis. The MRI
protocol for gallbladder examination should include thin
slices (<5 mm) axial T1/weighted images, coronal and
axial T2/weighted, 3D-cholangiopancreatic images, axial
dynamic contrast-enhanced images, after intravenous in-
jection of gadolinium contrast agent [19]. CT and MRI can
reveal single or multiple exophytic masses or polyps arising
from the gallbladder wall or infiltrative lesions invading
the mucosal, muscular, or serous layers of the gallblad-
der. MM metastases are generally larger than 1 cm and
attached to the gallbladder wall. If the mass involves the
biliary tree, ductal dilatation and intraluminal masses may
be visualized. The presence of melanin results in hyperden-
sity in unenhanced CT images and hyperintensity in T1-
weighted MRI, facilitating the differential diagnosis of MM
from other primary or secondary gallbladder lesions [7].
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Endoscopic retrograde cholangiopancreatography and
magnetic retrograde cholangiopancreatography are also
helpful, as they can identify biliary obstruction. PET/CT
is very useful in detecting MM metastases throughout the
body, as well as for evaluating response to treatment. The
sensitivity and specificity of FDG PET/CT in the detection
of distant metastases are reported to be 92% and 90%, re-
spectively. FDG PET/CT is being developed as a standard
diagnostic imaging method in melanoma patients [20]. If
radical surgical treatment of MM of the gallbladder is per-
formed, one-year survival is possible in 100% of patients,
while it is 0% in non-operated patients [11]. Surgical treat-
ment reduces symptoms and prevents the further spread
of the tumor. The effect of adjuvant and immunotherapy
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has not yet been determined. According to some studies,
the application of Interleukin-2 leads to tumor remission
in 15% of patients, with a significant effect in the early
stages of the disease. However, its use is very limited due
to its toxicity [21]. The most important prognostic factor is
tumor biology, as demonstrated by numerous retrospective
survival studies of patients with metastatic disease [10].

MM entails poor prognosis, as few patients survive two

years past diagnosis. All patients with a positive anamnesis
for MM should be evaluated for gallbladder disease spread
if the clinical presentation points to biliary involvement.
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MeTacTaTcKu menaHoM Xy4He Kece

Anekcangap Hunuh'2, lywa CraHkuh'2, Hukona Mpy6op?, Munnua Mutposuh-JosaHosuh?3, Hukuua Mpybop'
'YHuBep3uTeTCKN KNMHUYKY LeHTap Cpbuje, KnuHuka 3a gurectusHy xupyprujy, beorpag, Cpbuja;

*YHueep3uTet y beorpapy, MeanunHcku gakyntert, beorpag, Cpbuja;

YHNBeP3UTETCKI KNUHUYKY LieHTap Cpbuje, LieHTap 3a pagronorujy 1 MarHeTHy pe3oHaHLy, beorpag, Cpbuja

CAMXETAK

YBop ManurHu menaHom je Tymop MenaHouuTa 1 cnaga y jefaH
of HajarpecmBHuMjuX Tymopa. Y BehrHU cilyyajeBa npBuv cumr-
TOMM Ce jaB/bajy y MeTacTaTckoj dasm 6onectu. Y KNMHUYKO]
npaKkcy Beoma peTko ce Buha meTacTasmpare ManurHor me-
NaHoMa y XyuHy Kecy. CaBpemeHe AnjarHOCTUYKe MeToAe Cy
NMo3UTPOHCKa emMm1coHa Tomorpaduja ca 180-dnyopogeokcm-
NyKO30M, HOBV MPOTOKOJIN KOMMjyTepu3oBaHe Tomorpaduje n
HyK/ieapHe MarHeTHe pe30oHaHLie 3a MeNlaHOM 1 YNITPa3BykK ca
KoHTpacTom. Liub papa je nctahm HeonxogHoCT paguKanHor
XUPYPLLKOT leyerba MeTacTaTCKor MeflaHoOMa Xy4He Kece.

DOI: https://doi.org/10.2298/SARH230926049N

Mpuka3s 6onecHuka MNpepctaBuhemo cnyyaj petke MetacTat-
CKe 6onecTn ManuMrHor MenaHoMa y Xy4Hoj Kecu, Koju je neyeH
XONeunCTeKTOMIjOM 1 PaAKanHOM XMPYPLLKOM eKCL31jomM
CBUX METACTaTCKUX MPOMeEHa.

3akbyyak CBM 6051eCHMLM Ca MO3UTUBHOM aHaMHE30M Masur-
HOT MeNlaHOMa 3axTeBajy U MPOBEPY PALUMPEHOCTN BonecTn y
XKYUHY Kecy, a NOTOM 1 XMPYPLUKO Nleyekse.

KrbyuHe peun: manurdn menaHom; XXy4yHa Keca; MeTacTtasa;
XVIPYPLUKO Nneyere
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SUMMARY

Introduction Congenital tongue base cysts are uncommon in everyday clinical practice and they could
be asymptomatic or cause stridor, respiratory distress, and asphyxia. We are presenting a case of a two-
month-old infant with the symptoms of stridor and the acute respiratory insufficiency caused by con-
genital tongue base cyst.

Case outline A two-month-old apyretic male infant was admitted to the hospital with the symptoms
of severe dyspnea, nonproductive cough, and stridor. Due to severe respiratory insufficiency the infant
was on mechanical ventilation. Computed tomography scans of the thorax and neck was performed
along with the application of the intravenous contrast where a cystic formation was shown. The depicted
formation narrowed the lumen of oropharynx which is the same as the size of valleculas (3 mm). The
formations pressed both valleculas, more significantly the left one. The same day the marsupialization of
the cyst was done and the material was sent to the pathohistological analysis (the report of the patholo-
gist indicates the cyst of the thyroid channel).

Conclusion Clinical manifestations of the cyst depend on the level of obstruction and can be presented
as inspiratory stridor, apnea, cyanosis, chronic coughing, and feeding difficulty. The flexible nasopha-
ryngeal laryngoscopy or bronchoscopy, computed tomography and magnetic resonance imaging help
consider the differential diagnosis. The symptoms of stridor were removed completely after applied

marsupialization of the cyst.

Keywords: airway obstruction; thyroglossal cyst; stridor; respiratory insufficiency

INTRODUCTION

Laryngomalacia is considered to be the most
common cause of stridor (noisy breathing)
in the neonatal period and infancy [1]. The
obstructions of respiratory airways are com-
mon, while congenital tongue base cysts are
not frequent in everyday clinical practice [2].
A tongue base cyst may cause stridor, respira-
tory distress, or be totally asymptomatic [3].
Owning to their specific position, tongue base
cysts may cause perilous complications through
mass effects on the hypopharynx as well as by
displacing the epiglottis. In the most serious
cases, a cyst can lead to the fatal outcome due
to asphyxia [4]. The mortality rate among the
patients with the diagnosed congenital tongue
cyst in the infant period vary, and in some stud-
ies goes to 40% [5]. Surgical treatment has been
verified as the most efficient method with a sig-
nificant improvement of the symptoms gener-
ated by the compressive effects of the cyst [6].
We are presenting a case of a two-month-old
infant with the symptoms of laryngeal stridor
and the acute respiratory insufficiency caused
by congenital tongue base cyst.

CASE REPORT

A two-month-old apyretic male infant was ad-
mitted to the hospital with the symptoms of
severe dyspnea, nonproductive cough, and noisy
breathing (stridor). He had been examined four
days before admission by a pediatrician and the
initial treatment included inhalation of short
acting agonist beta 2 bronchodilators (fenoterol
ipratropium bromide) and parenteral cortico-
steroids (methylprednisolone). The difficulties
were persistent, and on admission day, the child
was inconsolably crying for hours, breathing
heavily, and had cyanotic attacks. The child had
been previously hospitalized for seven days due
to bronchial obstruction and dyspnea caused
by whooping cough (Diagnosis Pertussis per
Bordetella Pertussis, confirmed by polymerase
chain reaction technique) when he was only
one month old. DTP (diphtheria, tetanus and
pertussis) vaccine should be given at the age of
two months, and because the infant was only a
month old, he was given solely Euvax-B (prevent
hepatitis B) and BCG (Bacillus Calmette-Guérin)
vaccine (prevents tuberculosis) after labor.

On admission, he was conscious and alert,
pale, tachypneic with the respiratory rate of 50
breaths per minute, oxygen saturation of 97%
on room air, heart rate of 150 beats per min-
ute, and the normal body weight of 4800 gr.
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In physical examination lung auscultation revealed wheez-
ing, bilateral early-inspiratory crackles on the lungs and in-
spiratory stridor. All other physical findings were normal.
The initial analyses were within normal ranges [C-reactive
protein (CRP) 3.8 mg/L, white blood cells (WBC)
10.9 10°/L, red blood cells (RBC) 3.77 10'%/L, hemoglo-
bin (HGB) 101 g/L, hematocrit (HCT) 29.0%, platelets
361 x 10°/L]. Testing of his arterial blood gases showed
combined metabolic and respiratory acidosis (pH 7.291,
pCO, 4.42 kPa, pO, 7.8 kPa, standard bicarbonate HCO -std
16.6 mmol/L, base excess BE -9.7 mmol/L). Due to repeating
noisy breathing and wheezing, alpha-1 antitrypsin (1.51 g/L)
and total immunoglobulin E (IgE < 30 ug/L) were estimated
and results were within referent values. Chest X-ray showed
bilateral decreased transparency of lungs.

After admission, the inhalations with bronchodilator
(ipratropium bromide/fenoterol hydrobromide) every four
hours and corticosteroid (budesonide) every 12 hours were
included. Respiratory physiotherapy (postural drainage as-
piration) was applied. On the second day of the treatment
around 13:00 p.m., the deterioration of the respiratory status
and symmetrically weakened breathing sound were noted.
The noisy high tonal wheezing with the saturation drops
up to 70, and a heartbeat of over 200/min with occasional
apneas lasting over 10 seconds occurred. The infant was
tachydispneic (respiratory rate / 60 min), with ash gray skin,
with visible intercostal and xiphoid retraction, nares dilata-
tion (flaring) using additional intercostal musculature, with
seesaw respiration. The deteriorating inspiratory stridor was
present. The oxygen therapy through nasal cannula initially
two liters per min up to six liters per minute was applied,
and systemic corticosteroid methylprednisolone was given.
Because of the general status deterioration empiric antibi-
otic ceftazidime was included parenterally. The gas analyses
were urgently done (pH 6.946, pCO, 7.21 kPa, pO, 7.6 kPa,
BE(B)-20.9 mmol/ L, HCO, std 9.3 mmol/ L) indicating
the non-compensative critical metabolic and respiratory
acidosis. The inflammatory markers in the laboratory analy-
ses were still normal, not showing the acute infection (CRP
22mg/L, WBC 15.9 x 10°/L, RBC 3.44 x 10'%/L, HGB 90 g/L,
HCT 26.8%). The progressive deterioration of the respirato-
ry status was caused by the obstruction of the upper airways.
Applied measures did not give signs of improvement. Due to
the development of the respiratory insufficiency, the infant
was intubated and on synchronized intermittent-mandatory
ventilation. During the evening hours of the same day, the
increase of the inflammatory parameters occurred (CRP
38.3 mg/L) so the therapy switched another antibiotic van-
comycin. The parameters of the mechanical ventilation were
gradually decreasing, so the infant was extubated the next
day and initially transferred to high flow nasal cannula and
then to oxygen therapy through nasal cannulas. Because
the gas exchange was stable, oxygen saturation satisfactory,
the needs for additional oxygen ceased on the fourth day of
hospitalization. Further on, the infant was in good general
condition, while the parameters of acute inflammation were
dropping.

The dual antibiotic therapy of ceftazidime and van-
comycin continued during 14 days in total. At the same
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Figure 1. Cystic formation on the base of the tongue

Figure 2. Sagittal computed tomography scan of neck with detected
cystic formation at the base of tongue which narrow respiratory airway

time, bronchodilator inhalations went on every six hours,
while the interval between the inhalations was gradually
prolonged. The infant was put in the high headboard bed
with his head tilted back because of the laryngeal stridor
in order to relieve airways. A cardiologist and a pulmo-
nologist were consulted, all potential causes of stridor
and difficult breathing in infancy were considered, so
the directoscopy of larynx and rigid bronchoscopy were
recommended. The otolaryngologist was consulted and
unusual formation was detected. A computed tomogra-
phy (CT) of the thorax and thoracic neck was performed
along with the application of the intravenous contrast
where a cystic formation on the base of the tongue was
shown (Figure 1). On the posterior tongue base in the
middle section right above the epiglottis and between
valleculas and piriform recess uses, the clearly visible cys-
tic formation with the dimensions of 12 x 9 x 9.4 mm
was positioned, liquid density without central, post con-
trast imbibition (Figure 2). The depicted formation nar-
rows the lumen of oropharynx which is the same as the
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anterior posterior (AP) diameter of valleculas (3 mm). The
formation compressed both valleculas, more significantly
the left one. An otorhinolaryngologist indicated the op-
erative removal of the cyst. The directoscopy of the larynx
and rigid bronchoscopy were performed and on the left
side of the tongue base an oval whitish formation leaning
on the left entrance of the larynx was spotted causing the
difficult intubation. The trachea had normal ring-shaped
form, with the membrane wall and preserved lumen. Other
results of the bronchoscopy were normal. The same day,
the marsupialization of the cyst was done and the tissue
specimen was sent to the pathohistological analysis. After
the operation parenteral antibiotic therapy with cefepime
(cephalosporin of IV generation) was applied along with
bronchodilator and corticosteroid. A few days later child
was in a good general condition, with regular gas exchange
and peroral nutrition (adapted milk formula), with gradu-
ally increased intake. At the control otorhinolaryngologist
examination, the result after marsupialization of the cyst
was normal, without stridor. The pathohistological analysis
of the tissue showed that it was formed of smooth laminar
layer of epithelium with mucosal glands. In the deeper
layer, there was transverse muscle tissue and edematous
connective tissue. The report of the pathologist described
the cyst of the thyroid channel.

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

DISCUSSION

Causes of heavy breathing in infants are numerous and
can be the result of innate states, congenital anomalies or
inherited diseases. Clinical manifestations depend on the
level of obstruction (choanal atresia for instance, larynx)
and the degree of the obstruction (different size of the
cyst or some other formation that obstruct the airway [7].
The common cause of bronchial obstruction and wheez-
ing in infancy is the atopic constitution of a child and
the tendencies of later development of allergic diseases
(asthma, allergic rhinitis, conjunctivitis and eczemas) [8].
Acute airway obstruction can be life threatening condition
which requests prompt reaction and treatment. Seldom,
the deterioration of respiratory status can be that serious
to require around the clock monitoring at the intensive
care wards with the applied intubation and ventilation.
In medical literature, a variety of terms have been used
for tongue base cysts, such as epiglottic cyst, lingual cyst,
vallecular cyst, or laryngeal cyst [9]. Two major hypoth-
eses to explain the pathogenesis of these cysts are the
ductal obstruction of mucus glands or an embryological
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malformation [10]. The most affected infants have symp-
toms during the first week of life [11]. Clinical manifesta-
tions consist of various degrees of upper airway obstruction
such as inspiratory stridor, chest retraction, apnea, cyanosis,
and feeding difficulty. Stridor is the most common symptom
[12]. In neonatal stridor, evaluation of the airway anatomy
and differential diagnosis from other causes of stridor are
important to prevent any mortality and morbidity from
these sources [10, 11]. Clinical presentation is usually related
to upper respiratory tract. Obstruction and stridor are the
most frequently encountered symptoms of vallecular cyst
cases. Other symptoms include dyspnea, feeding difficul-
ties, voice changes, chronic coughing and cyanotic attacks.

Definitive diagnosis can be obtained from bronchos-
copy or laryngoscopy [13]. Primary diagnostic approach
to laryngeal or vallecular cyst should be a flexible nasopha-
ryngeal laryngoscopy or bronchoscopy. CT and magnetic
resonance imaging help narrow the differential diagnosis,
and note differences between lingual, thyroid, proximal
cystic dilatation of the thyroid duct, lymphangia or heman-
gioma, dermoid cyst, lipoma, fibroma, or carcinoma [14].

Timely differential diagnosis of laryngeal stridor and its
consequences is crucial in critically ill patients with severe
respiratory failure. Laryngomalacia is the most common
cause of noisy breathing in infancy [15]. While having
deteriorations of the respiratory status, our patient had
the episodes of apnea (breathing breaks longer than 10
seconds followed by desaturation and bradycardia). It is
significant to differ periodical breathing from apnea, the
type of apnea (central, obstructive, or mixed), as well as
to determine if its cause is a certain metabolic disorder
which is manifested by apnea [16]. Subsequent manage-
ment consists of determining the underlying etiology and
instituting specific targeted therapy to the identified cause.

Congenital base cysts are rare and can be confused with
laryngomalacia due to their nonspecific symptoms. They
present a bulging mass at the base of tongue, obstructing
the upper airway and are responsible for severe respiratory
distress that sometimes can be fatal. Direct laryngoscopy;,
neck CT scan, and pathological analysis are key for prop-
er diagnosis. Cyst marsupialization was the treatment of
choice. The symptoms of heavy breathing were removed
completely after marsupialization. The incidence of relapse
within the monitoring period is low.
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YpoheHa uucta 6ase je3anKa Kao HeyobuuajeH y3poK apuHreanHor cTpugopa

oAojuera

[lejaHa Bajuh', 3opaH Komazew®*
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2KnuHn4Kky LeHTap BojeopuHe, KnuHiKa 3a OTOPUHONAPUHTONOTWjY 1 XUpypriijy rase v Bpata, Hosu Cag, Cpbuja;
3YHuBep3uTet y HoBom Capy, MeauumHckn dakynter, Katefipa 3a otopuHonapuHronorujy, Hosu Cag, Cpbuja

CAMETAK

YBopa YpoheHe LycTe 6a3e jesvika He cpehy ce CBaKOAHEBHO Y
KNVHWYKOj MPaKcK, a Mory 61T acMMNTOMATCKe UK U3a3nBaTm
CTPUAOP, OTEXaHO Aucare unm achukcujy. Mprkasyjemo cnyyaj
[BOMeCeYHOr Ofi0jueTa ca CTPAOPOM 1 Pa3BUjeHOM aKyTHOM
pecnmpaTtopHoOM NHCybULMjeHLIMjOM ycnel NPUTHCKA LUCTe
Ha 6a3su je3uka.

Mpukas 6onecHuka MyLiko apebpunHo ofojue, y3pacta aBa
MeceLa, NPUM/bEHO je y 60MHULY 360r OTEXaHOT Ancaa, He-
NPOAYKTUBHOT Kallsba 1 CTpUAopa. Ycnen TelKor noropliama
pecnupatopHe QyHKUMje feTe je MPUK/bYYEHO Ha MEXaHUYKY
BeHTUnauujy. CKeHep rnaBee 1 BpaTa ca NpYIMeHOM KOHTpacTa
[eTeKTOBAO je LIMCTY Y NpeAeny BpaTa, TauHuje y KOpeHy jesu-
ka. OnncaHa popmauja je cysuna nymeH opopaprHKca Ha 3
mm, KONMKO je 1 NymeH Banekyna. Lincra je nputuckana obe

DOI: https://doi.org/10.2298/SARH240111059B

BaneKy/e, BULLE NeBY, yC/Ie[ Yera je HacTana orncexHa oncTpyK-
upnja ancajHor nyTa. Mocne paagvonoLllKor Hanasa, ypaheHa je
Mapcynujanu3aimja LmcTe, Koja je nocsaTta Ha MaToXMCTONOLLKY
aHanu3y. /i3BewTaj natonora ykasyje Ha LMCTY TUPEOrIoOCHOT
KaHana.

3aksmyyak KnuHnuke maHudecTaLmje LmcTe 3aBumce of HABOA U
06vimMa oncTpyKLyje, @ MOry fia Ce NCMOJbe Kao MHCMUPATVPHN
CTPYAOP, anHea, LnjaHo3a, XPOHUYaH Kallasb 1 noTelkohe ca
xpatberoem. DnekcmbunHa HazodapuHreanHa 1apUHrocKonuja,
6poHxockonwja, KomnjyTepr3oBaHa ToMorpaduja 1 MarHeTHO
CHUMare MOTy ia MOMOTHY Y AvdepeHLMjaiHOj AnjarHOCTHLM.
CymnTOMM CTPUAOPA 1 OTEXAHOT AKcCatba Cy MOTMYHO HeCTanu
nocsie Mapcynujanusaumje yucre.

KrbyuHe peun: oncrpyKuwja ancajHnxX nyTesa; TpeornocanHa
LMCTa; CTPUAOP; PecnmpaTopHa MHcyduLmjeHurja
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SUMMARY

Intolerance of gluten containing cereals (wheat, rye, and barley) is an etiopathogenetically heterogeneous
and relatively common problem of modern man. It occurs as an adverse immune-mediated condition
in genetically predisposed individuals. According to the pathogenetic mechanism of intolerance to the
components of these cereals, it is classified into celiac disease as an autoimmune disease, wheat allergy
as an allergic disease, and non-celiac gluten sensitivity as a non-autoimmune and non-allergic disease.
Each of these disorders is characterized by specific intestinal and/or extraintestinal manifestations, which
resolve on a gluten-free diet. This review article presents the basic characteristics of these disorders in

accordance with modern knowledge.

Keywords: gluten-containing cereals; clinical forms of intolerance; celiac disease; diagnostics; nutrition;

pediatrics

INTRODUCTION

Gluten-containing cereals (wheat, rye, and bar-
ley) represent an everyday part of the diet of a
large part of the human population [1, 2]. They
are an important source of polysaccharides,
proteins, B vitamins, minerals, and a small
amount of fat [1, 2]. Wheat flour is extensively
included in the menu of man from 10,000 years
ago [1, 3]. It is introduced into the infant’s diet
4-12 months after birth [4].

Gluten, a complex storage protein consisting
of prolamins and glutenins, makes up about
75-80% of the total flour proteins of wheat, rye,
and barley [5]. They are characterized by high
contents of proline-rich polypeptide residues
resistant to effective gastric and pancreatic pro-
teolysis and accordingly high antigenic poten-
tial followed by an inadequate immune reaction
in genetically predisposed individuals [5-8].
Although both protein components of gluten
can cause an inadequate immune reaction, the
main causes of intolerance to these grains are
prolamins, i.e. wheat gliadin, rye secalin, and
barley hordein [6]. In addition to gluten, wheat,
rye, and barley flour contains a-amylase/tryp-
sin inhibitors (ATIs), lectins, non-specific lipid
transfer proteins (LTPs) and other proteins,
which can also cause adverse immune reactions
in predisposed individuals [5, 8].

The spectrum of gluten-related disorders
consists of celiac disease, wheat allergy (WA),
and non-celiac gluten sensitivity (NCGS) [2].
Each of these disorders is characterized by

specific intestinal and/or extraintestinal mani-
festations, which resolve on a gluten-free diet
[2]. This review article presents the basic char-
acteristics of these disorders in accordance with
modern knowledge.

CELIAC DISEASE

Celiac disease (CD) is a systemic autoimmune
disease that occurs in polygenically predisposed
individuals on a gluten-containing diet [7, 9,
10]. In members of the white population, it
presents with a prevalence of about 1%, while
in other population groups it is much rarer or
extremely rare [10-13]. It is particularly com-
mon in first- and second-degree relatives (5-
15%), and somewhat rarer (3-10%) in patients
with other autoimmune diseases, selective IgA
deficiency, and Down, Turner, and Williams
syndromes [9, 10, 13, 14]. As other autoim-
mune diseases, it is more common in persons
of the female versus male sex (1.5-2:1) [15, 16].

Although the pathogenesis of CD is based
on a polygenic predisposition and exposure
to gluten, additional factors, such as gastroin-
testinal infections, alteration of the intestinal
microbiota, some medications and others, are
also involved in its occurrence, which explains
its incomplete prevalence in monozygotic twins
(83-86%) [3, 8, 17, 18]. The basic factors in the
hereditary predisposition to CD are the HLA
genes DQ2 and DQ8 (6p21.32), which are reg-
istered in 98-99% of patients [8, 13, 19]. HLA
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DQ2 molecules are found in 85-95% of patients, and HLA
DQ8 in 5-15% [20, 21, 22]. However, apart from HLA
DQ2 or DQ8 genes, non-HLA genes also have an indis-
pensable presence in the occurrence of the disease [8, 10].
The importance of DQ2 and DQ8 glycoproteins present on
antigen-presenting cells (dendritic cells and macrophages)
in the pathogenesis of CD lies in their ability to, after bind-
ing with deaminated gluten polypeptide hydrolysates, ac-
tivate intestinal CD4+ T-cells [7, 10]. The deamidation
of gluten hydrolysates, which increases their affinity for
binding to HLA DQ2 and DQ8 molecules, is catalyzed
by tissue transglutaminase (tTG). Activated CD4+ T-cells
by releasing proinflammatory cytokines activate intraepi-
thelial cytotoxic CD8+ T-cells, which lead to enterocyte
apoptosis and inflammation of the small intestine mucosa,
and at the same time, by differentiation of B lymphocytes
into plasma cells, to the production of antibodies against
gluten peptides and autoantibodies to tTG, endomysium,
and other body structures [8].

Gluten-sensitive enteropathy, i.e. non-specific inflam-
mation of the small intestinal mucosa that resolves on a
gluten-free diet, is the main feature of the CD and the
basis of its diagnosis [9, 10, 13, 17, 23]. According to the
modified Marsh criteria, inflammation of the small in-
testine mucosa is classified into infiltrative (I), infiltra-
tive-hyperplastic (II), and destructive (III), whereby the
destructive type is additionally differentiated into partial
(ITa), subtotal (IIIb ), and total (Illc) [24]. A fourth type of
mucosal damage is also possible, which is characterized by
complete atrophy of the villi, but without crypt hyperplasia
and typical signs of mucosal inflammation.

Observed from the clinical aspects, CD is differentiated
into symptomatic and asymptomatic, while symptomatic,
according to the type of manifestation, into classical and
non-classical [7, 9, 17]. The classical form of the disease
is characterized by chronic diarrhea, anorexia, occasional
vomiting and general malnutrition, while in the clinical
picture of the non-classical disease, extraintestinal manifes-
tations dominate, the only manifestations in a significant
number of cases [7, 9, 17, 25]. The classical form of the dis-
ease is most often seen in infants and young children, and
the non-classical in later childhood and in adults [17, 25,
26]. The most frequent symptoms of CD in later childhood
and adolescence are sideropenic anemia, poor appetite,
malnutrition, short stature, delayed maturation, recurrent
abdominal pain, constipation, enamel hypoplasia, recur-
rent aphthous stomatitis, chronic malaise and change in the
personality [10, 13, 17, 25, 27]. The main manifestations
of CD in adults are anemia, chronic fatigue, weight loss,
recurrent abdominal pain, bloating, flatulence, constipa-
tion, mouth ulcer, headaches, depression, and osteopenia
or osteoporosis [26, 28]. In addition, women have an in-
creased risk for infertility, miscarriage, and early meno-
pause [28]. In about 1-1.5% of total cases of CD, celiac
crisis (CC) and refractory CD (RCD) occur [10, 16]. CC
is an urgent and potentially fatal complication of untimely
recognized CD most often seen in early childhood [16]. It
is clinically manifested by deterioration and rapid progres-
sion of serious digestive dysfunction followed by profuse
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watery diarrhea, severe dehydration, metabolic acidosis,
meteorism and very pronounced global malnutrition [16].
RCD, which primarily affects adults, is characterized by
malabsorption, weight loss, as well as persistent villous
atrophy after oneyear of a strict gluten-free diet [7, 13].
There are two subtypes of RCD - type 1, in which the
phenotype of the intraepithelial lymphocyte population is
normal (CD3+CD8+), and type 2, in which it is abnormal
[10]. RCD, particularly type 2, is highly associated with
serious complications, such as ulcerative jejunitis and en-
teropathy-associated T-cell lymphoma [10, 19]. Although
the classical type of the CD is described most often and
best studied, today it is known that it represents only the
“tip of the celiac iceberg” and that the largest number of
patients, both children and adults, are those with a non-
classical and asymptomatic form of the disease [17].

The diagnosis of CD is based on pathohistological
examination of the small intestinal mucosa obtained via
endoscopic biopsy [9, 10, 13, 17, 23]. Since the histologic
changes may be patchy in distribution and confined to the
duodenal bulb, one or two samples should originate from
the bulb and four or more from the distal duodenum [9, 10,
17]. The European Society for Pediatric Gastroenterology,
Hepatology, and Nutrition (ESPGHAN), as part of the rec-
ommendations published in 2012 considers that entero-
biopsy is not necessary in patients with symptoms and/
or signs consistent with CD, and in addition, they have
an IgA titer antibodies to tissue transglutaminase (AtTG-
IgA) > 10 times above the upper reference value, positive
antiendomysial antibodies of the same class (EMA-IgA)
and “celiac HLA” (DQ2 and/or DQS8) [9]. ESPGHAN, as
part of the additional modification of the criteria for the
diagnosis of CD, published in January 2020, consider that
enterobiopsy is not necessary even in asymptomatic pa-
tients with a serum level of AtTG-IgA class > 10 times
above the upper reference level values and positive EMA-
IgA in a second serum sample [19]. This year’s guide re-
lated to the diagnosis of CD in children and adults of the
American College of Gastroenterology (ACG) do not differ
from the latest ESPGHAN recommendations [13]. The
American Gastroenterological Association also agrees with
the ESPGHAN and ACG guidelines in the diagnosis of CD
in children, with the fact that in adults, for purposes of dif-
ferential diagnosis, upper gastrointestinal endoscopy with
duodenal biopsy can also be performed [23]. However, the
North American Society for Pediatric Gastroenterology,
Hepatology and Nutrition and the European Society for the
Study of Celiac Disease in their guidelines for the diagnosis
of CD include endoscopic enterobiopsy as a mandatory
[10, 17]. This attitude is based on the fact that without
an endoscopic diagnostic approach, comorbid conditions
with CD, such as peptic and eosinophilic esophagitis or
Helicobacter pylori gastritis, can be overlooked.

The basis of CD therapy is a gluten-free diet [9, 10,
13, 17, 23]. Most patients with a symptomatic type of
the disease, especially with the classical one, during the
initial phase of treatment require the correction of mi-
cronutrient deficiencies, primarily iron and folate, and
sometimes temporary restriction of lactose [13]. Patients
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with CC, in addition to the correction of hydroelectrolyte
and acid-base imbalance and removal of edema, require
semi-elemental and/or parenteral nutrition, and sometimes
short-term glucocorticoid therapy [10, 16]. RCD therapy
also includes parenteral nutrition and immunosuppres-
sion with steroids or azathioprine, 6-mercaptopurine, and
methotrexate, whereas in the treatment of RCD2 additional
medications are applied, such as cyclosporine, cladribine,
and fludarabine associated with anti-CD52 monoclonal
antibodies (alemtuzumab) [10, 29]. RCD1 usually responds
to a gluten-free diet, nutritional support, and immunosup-
pressive medications, while the therapeutic response in
RCD2 is incomplete and, accordingly, prognosis is often
poor [13].

The prognosis of timely recognized and consistently
treated CD is excellent, while its late detection or non-
compliance with the gluten-free diet, however, can lead
to numerous consequences, and sometimes to life-threat-
ening complications [10, 16, 27, 25, 30].

NON-CELIAC GLUTEN SENSITIVITY

Non-celiac gluten sensitivity is a non-allergic and non-
autoimmune type of intolerance to wheat, rye and barley
flour [31, 32]. It is characterized by a wide range of gastro-
intestinal and/or extraintestinal manifestations that resolve
on a gluten-free diet [10, 31, 32]. Due to the lack of objec-
tive diagnostic indicators, the exact frequency of NCIG
is not known and according to data from the literature, it
occurs in 0.6-6% of members of the general population,
whereby six times more often in adult women compared
to men [8, 31, 33].

The pathogenesis of NCIG is not clear [2, 8, 10, 31]. It
is assumed that the basis of the disorder is an inadequate
innate immune reaction to gluten [8, 31, 34, 35]. Activated
adaptive immunity is probably involved in the problem [8,
35]. Also, apart from gluten, other components present in
wheat, rye, and barley flour participate in the pathogenesis
of NCGS, such as wheat germ agglutinins, amylase/trypsin
inhibitors, and fermentable oligo/di/monosaccharides and
polyols [8, 10, 31, 35, 36].

The clinical picture of NCIG is highly variable, both
in terms of severity and type of disturbance. It consists of
different and most often combined gastrointestinal and/
or extraintestinal manifestations [31, 32, 35]. The major
gastrointestinal symptoms are episodes of abdominal pain,
nausea, heartburn, flatulence, pronounced flatulence, diar-
rhea, and constipation, and extraintestinal symptoms are
chronic fatigue, lethargy, anxiety, intermittent headache,
depression, skin rash, arthralgia, fibromyalgia, and oth-
ers [8, 31, 33, 35]. Symptoms disappear on a gluten-free
diet and appear again after a gluten challenge within a few
hours or a couple of days [10, 35].

For now, there are no clearly defined criteria for the
diagnosis of NCIG. Studies have shown that half of pa-
tients with NCIG have HLA DQ2 and/or DQ8 and positive
antigliadin antibodies of the IgG class, but these findings,
although almost twice as common as in gluten-tolerant
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individuals, have no diagnostic value [2, 8, 31, 33]. Also,
the microscopic appearance of the mucosa of the small
intestine is normal, except for minimal lymphocytic infil-
tration of the lamina epithelialis in a small number of cases
[8, 10, 33]. Hence, the basis of the NCIG diagnosis, after
excluding CD and wheat flour allergy, is the disappearance
or alleviation of symptoms on a gluten-free diet and their
reactivation after switching to a standard diet [10, 31, 32,
33]. In cases where the gluten-free diet does not result
in the desired effect, when considering the cause of the
problems, one should take into account gastrointestinal
intolerance of carbohydrates, primarily lactose, idiopathic
irritable colon and other conditions with a similar clinical
presentation [10, 31, 32].

The basis of the NCIG therapy is the gluten free diet
[10, 31, 32, 36]. Unlike CD and WA, fewer patients with
NCGS tolerate smaller amounts of gluten containing cere-
als [10, 35, 37, 38].

WHEAT ALLERGY

Wheat allergy is the rarest clinical entity within gluten-
related disorders. It occurs in 0.2-0.5% of children and
in about 0.8% of adults as an immunoglobulin E (IgE)
or non-IgE-mediated reaction [33, 38, 39]. An important
feature of the disorder is the relatively frequent association
with other food allergies, such as cow’s milk, egg, peanuts,
tree nuts, fish, and seafood [33, 40].

IgE-mediated WA is characterized by gastrointestinal
(abdominal pain, nausea, vomiting, diarrhea), dermal (red-
ness, urticaria, angioedema), respiratory (rhinitis, cough,
bronchial obstruction), cerebral (headache, dizziness,
migraine) and systemic (anaphylaxis) manifestations [31,
33, 38]. Depending on the severity of the reaction, it can
be mild to life-threatening, such as anaphylaxis. Adverse
reactions are of a rapid type, i.e. occur within two hours
after exposure to gluten-containing cereals, usually after
a few minutes [38]. The reaction is a consequence of T
helper type 2 activation and IgE production by B and T
cells [38]. The diagnosis is based on the connection be-
tween the mentioned clinical manifestations and wheat
ingestion, as well as positive in vivo (skin prick tests) and/
or in vitro (specific serum IgE) tests [39]. Therapy involves
a strict diet without gluten-containing cereals. In severe
allergic reactions, it is necessary to use antihistamines, and
in anaphylaxis epinephrine, inhalation beta2-adrenergic
agonists, glucocorticoids, and other measures [41].

Non-IgE-mediated WA (delayed-onset WA) represents
the pathogenetic basis of eosinophilic esophagitis (EoE)
and gastritis (EoG), as well as food protein-induced enter-
opathy (FPE), food protein-induced allergic proctocolitis
(FPIAP) and food protein-induced enterocolitis syndrome
(FPIES), which occur in infants and young children [33,
38, 42, 43]. As a consequence of eosinophilic inflamma-
tion, symptoms related to EoE are dysphagia, chest pain,
regurgitation and food impaction, and for EoG loss of ap-
petite, nausea, vomiting, abdominal pain and sometimes
diarrhea [33, 39, 40, 44]. Unlike IgE-mediated WA, the
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etiopathogenesis of these disorders is based on the stimula-
tion of innate immunity through alteration of the mucosal
barrier inducing the activation of IL-C2 cells that produce
IL-13 and IL-5 responsible for eosinophil recruitment [39,
44]. The diagnosis is confirmed by pathohistological verifi-
cation of eosinophilic inflammation in biopsies of affected
organs [33, 39, 40]. Treatment for EoE and EoG includes
proton pump inhibitors (PPI) therapy, corticosteroids, and
elimination diets [40, 45]. Esophageal dilation is indicated
for treatment of esophageal strictures and fibrostenotic
changes [40, 45]. FPE is manifested by chronic malabsorp-
tive diarrhea, intermittent vomiting and failure to thrive,
FPIAP with visible specks or streaks of blood mixed with
mucous in the stool or mild mucous-bloody prolonged
diarrhea, and FPIES with repeated vomiting, profuse diar-
rhea and severe dehydration [38, 42, 43]. The pathogenesis
of these clinical entities is not sufficiently clear, but it is
considered that cellular immunity is responsible for driving
the allergic inflammatory response [43, 46]. The diagnosis
of FPIAP and FPIES, with the exclusion of other diseases
with a similar clinical picture, remains, for the most part,
a clinical one, with the exception of FPE, in which histo-
logical confirmation is usually required [43]. In addition
to a strict elimination diet, FPE requires the correction
of a nutritional deficit, and FPIES the normalization of
hydroelectrolyte and acid-base status.

IgE-mediated WA that occurs during early childhood
usually disappears with age, while disorders that continue
from childhood into adulthood or are adult-onset usually
remain permanent [42]. EoE and EoG are usually lifelong
disorders, while FPE and FPIAP disappear by the age of
1-2 years, and FPIES by 3-5 years [42, 43].
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CONCLUSION

Intolerance of gluten-containing cereals consists of three
different immune-mediated disorders: CD as an autoim-
mune, WA as an allergic, and NCGS as a non-autoimmune
or allergic. After lactose intolerance, it is the most common
food-related disorder. This fact should not be surprising,
because gluten-containing cereals, as well as animal milk,
viewed from the aspect of evolution, have relatively recently
become a daily ingredient in the diet of the majority of the
human population. They are characterized by highly vari-
able and largely non-specific gastrointestinal and extrain-
testinal symptomatology, and accordingly the necessity of
a subtle diagnostic approach. CD is a permanent disorder,
while WA is in a high percentage, especially if it occurs in
early childhood, of a transient nature. Also, NCGS can be
a transient disorder. The basis of the treatment of all three
disorders is a gluten-free diet, with the fact that in NCGS,
unlike CD and WA, it does not have to be strict.
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WUHTONEepaHLMja Ha XKUTapuLe ca IYTeHOM

Lekovi¢ Z. et al.

3opaH Jlekoswuh'?, Bnagumup Pagnosuh'?, Mapuja MnageHosuh?®, Cununwa [yuyuh'?, Metap Pocuh? Topax Hypuunh'?,

Jenuua MNpepojeuh-Camapynh*®, Hegerbko Pagnosuh®

'YHuBep3uTeTCKa fevja KnnHrka, beorpag, Cpbuja;
*Yuueep3utet y beorpapy, MeanunHcku gakyntert, beorpag, Cpbuja;

3YHuBepauTet ,CuHrnayHym’, OakynTeT 3npaBCTBEHIX, NPAaBHUX 1 MOCIOBHUX CTYANja, Barbeso, Cpbuja;
*YH1BeP3UTETCKM KNMHWYKM LieHTap Peny6nike Cpncke, barba Jlyka, Penybniuka Cpncka, bocHa 1 XepuerosuHa;
YHueep3utet y barboj Nlyuu, MegnunHckmn dakynter, barba Jlyka, Penybnuka Cpncka, bocHa 1 XepLieroBuHa;
Cpncko NeKapcko ApyLUTBO, AKademuja MeanNLMHCKNX Hayka Cprickor nekapckor apylwTsa, beorpag, Cpbuja

CAXETAK

VIHTonepaHuwja Ha XUTapuLe Koje cafipKe ryTeH (MweHunuya,
pa’ 1 jeyam) ETMOMATOreHETCKM je XeTepPOreH 1 PenaTMBHO YecT
npo6nem caBpeMeHOT YOBEKA. JaB/ba Ce Kao HEXKerbeHO NMYHO-
NOLUKY NMOCPEA0BAHO CTakbe KO FEHETCKIN NPeANCTIOHPaHNX
ocoba. Mpema naToreHeTCKOM MexaHU3My VHTONepaHLje Ha
KOMMOHEHTE OBUX XUTapuLia, Knacuduikyje ce Ha LenmnjauHy
6011eCT Kao ayTOMMYHCKY 60MeCT, aneprujy Ha nweHYHo bpa-
LUHO Kao aneprujcky 60nect 1 HelenvjayHy oCceT/byBOCT Ha

DOI: https://doi.org/10.2298/SARH230712054L

rMyTeH Kao HeayTOUMYHCKY 1 Heaneprujcky 6onect. CBaku o
oBUx nopemehaja Kapaktepuily cneynuduyHe NHTeCTUHaNHe
N/MNn eKCTpanHTeCTMHaNHE MaHdecTaLuje, Koje ce noBnave
Ha Aujetn 6e3 rnyTeHa. Y OBOM NperfiiefiHOM YnaHKy npukasa-
He Cy OCHOBHe KapaKTepucTuke oBrx nopemehaja y cknagy ca
CaBpPEMEeHUM Ca3HambM1Ma.

KrbyuHe peun: Xutapuue ca rnyTeHOM; KINVHUYKU 06nmnum
VHTONEepaHLuje; LennjayHa 6onecT; 4njarHoCTUKa; MCXpaHa;
negujatpuja
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Perspective of robotic-assisted treadmill training
effect in children with cerebral palsy on motor

functions and gait

Dragana Buri¢, Sunitha Bhagavathi Mysore
Fatima College of Health Sciences, Abu Dhabi, UAE

SUMMARY

Robotic-assisted treadmill training has been applied in the last two decades for children with cerebral
palsy. The high technology of robotic devices enables an individualized approach, physiological gait pat-
tern, intensive training through a large number of repetitions, while enhancing motivation with active
attention that influence motor learning and neuro plasticity. The results of clinical studies are controversial
regarding the effectiveness of robotic-assisted gait training on speed and endurance in walking, gross
motor functions, postural control, and balance in children with cerebral palsy who are at different levels
of motor functioning. Scientific evidence does not highlight the superiority of robotic gait rehabilitation
over conventional therapies. The intensity, frequency, duration of therapy, and sustainability of effects
are current research questions. Future studies should involve a larger number of participants, higher
methodological quality, standardization of reporting robotic parameters, and the impact on the activity,
participation, and quality of life of children with cerebral palsy.

Keywords: cerebral palsy; robotic-assisted gait training; motor functions; gait; children

INTRODUCTION

Cerebral palsy (CP) is a non-progressive neu-
rodevelopmental disorder affecting a child’s
motor and sensory system due to brain lesion,
and consequently movement, posture, and
walking [1].

Gross motor function classification sys-
tem (GMFCS) is an evidence-based tool that
measures the severity of motor functioning in
CP. The functional mobility of CP children is
classified into different levels as independent
walking (Level I-II), walking with handheld
aids (Level III), and wheelchair mobility (Level
IV-V) [2].

Children with CP have impaired gait func-
tion due to motor impairments such as spastic-
ity, muscle weakness, lack of selective motor
control, reduced range of motion and joint
contractures. Common gait deviations seen in
CP children as equines or crouch gait include
reduced speed and endurance, decreased step
and stride length, decreased toe clearance,
decreased balance, fatigue and pain [3, 4, 5].
As the children mature, they tend to have de-
creased balance and gait stability due to grow-
ing related musculoskeletal impairments which
have negative implications on the activity, par-
ticipation, and quality of life especially for chil-
dren at level IIT and IV on GMFCS, who are the
most at risk for losing locomotor abilities [6].
Hence, there is high emphasis on gait training
in children with CP for maintaining their gait
pattern for a long period of time [7].

ROBOTIC-ASSISTED GAIT TREADMILL
TRAINING (RAGTT)

There are different ways of providing gait
training on the ground with and without
body weight support (BWS) and one of the
advantages of robotic gait training is that it
allows children on level IIT and IV to walk
while maintaining the same quality for longer
periods. RAGTT is a high-technology inter-
vention with increasing popularity in reha-
bilitation centers [8]. Lokomat® (Hocoma AG,
Volketswil, Switzerland) is one of the most
popular RAGTT that supports the patient on
a treadmill with adjustable robotic orthoses
(exoskeletons) for each leg, suspension sys-
tem controlling body weight, treadmill, and
feedback screen [9]. The system offers varying
levels of BWS, to enable stepping practice for
both ambulatory and non-ambulatory patients.
Robotic orthosis movements synchronize with
the treadmill speed through a computer algo-
rithm for hip and knee joint motion, providing
a near physiological gait phases [10]. The multi-
modal Lokomat control has adjustable settings
for muscle assist ranging from passive to active
resistance, allowing muscle activity and incre-
mentally reducing dependence on robotic sup-
port by progressively decreasing BWS and guid-
ance while increasing the treadmill speed [6].
The computer algorithm for treadmill walking
is connected to a video game that sets target,
provides feedback on the screen and constantly
engaging active cognitive and motor participa-
tion of the children during the training.
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RAGTT has shown positive possibilities for increas-
ing gait speed, stride length, lower limb strength, muscle
endurance, balance spatiotemporal gait parameters in chil-
dren and adolescents with CP due to its high repetition,
intensive practice [6, 11]. In addition, it is known to en-
hance cardiovascular endurance, improve muscle strength,
balance, motor planning and other physiological functions
[10, 12, 13]. The hip and knee extension can be adjusted
to allow standing even in severely affected CP children,
which could have an impact on muscles flexibility, range of
motion, spasticity, balance, gait, and postural control [14].

RAGTT is a stationary type of robot and has a few limi-
tations — it is a costly device, takes up much space, thera-
pists require training, and the equipment requires ongoing
maintenance. It allows only forward-walking without any
opportunities to change direction, practice walking back-
wards, or walking on uneven terrain.

MOTOR LEARNING AND NEUROPLASTICITY
ASSOCIATED WITH RAGTT

RAGTT provides intensive, repetitive, task-oriented mo-
tor activities by increasing motivation, attention, and ac-
tive participation which influences motor learning and
neuroplasticity [12]. RAGTT produces bilateral changes
in cortical areas, which are involved in motor coordina-
tion and complex movements, in proprioceptive control,
in spatial memory and in attention, in self-control, and in
working memory [12].

A neuroimaging study using functional near-infrared
spectroscopy in children with CP after 12 RAGTT sessions
as an adjunct to conventional therapy showed significant
differences in the activation of sensorimotor cortex. The
increase in prefrontal activity was found to be positively
related to concentration, attention, and engagement with
therapy [15].

EFFECTIVES OF RAGTT ON GROSS MOTOR
FUNCTIONS, GAIT SPEED, GAIT ENDURANCE
ACCORDING TO THE LEVEL ON GMFCS AND AGE

Level of motor functioning, comorbidities, and age are
important factors influencing effectiveness of any CP in-
terventions [16].

Most of the randomized control trials in their RAGTT
studies for children with bilateral spastic CP use functional
tests such as Gross motor function measure (GMFM) di-
mensions D (standing) and E (walking, running, jump-
ing ), six-minute walk test for gait endurance, 10-meter
walk test for gait speed. The studies on the effectiveness
of RAGTT have mixed results with most studies showing
improvements in gait speed and endurance. A systematic
review with meta-analyses done by Cortés-Pérez et al. [12]
that included 15 articles with 413 CP children, a mean
age of 10.33 + 4.1 years concluded that RAGTT is more
effective than conventional therapy on gait speed, walking

‘ DOI: https://doi.org/10.2298/SARH240307047D
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distance, and dynamic balance associated with locomotion
(improvement in dimension E on GMFM). Similarly, a
systematic review by Volpini et al. [17] synthesizing seven
studies with a total of 77 participants showed improve-
ments in gait endurance.

A study done by Cherni et al. [4] showed improvements
in gait speed, endurance, and step length, regardless of the
severity level on GMFCS. A study done by Jin et al. [16]
showed more improvement in the GMFM (D and E score)
in ambulatory compared to non-ambulatory children indi-
cating that children with mild and moderate impairments
benefit more from RAGTT.

In contrast, systematic reviews done by Olmos-Goémez
et al. [18] and Conner et al. [19], on eight papers each,
found a weaker and inconsistent evidence on the use of
RAGTT for gait and motor function on children, ado-
lescents, and young adults with CP. Vezér et al. [5] in a
meta-analysis that included seven papers on CP did not
show a difference between RAGTT and conventional phys-
iotherapy [5]. This raises an important question about the
high cost involved with RAGTT and it may not always be
justifiable [19].

A study done by Ammann-Reiffer et al. [9] reported no
significant changes in motor function and walking with
15 sessions of RAGTT for children 6-18 years of age with
level II-IV on GMFCS. This is because the participants
included in this study had reached their maximal motor
capabilities with early intervention programs, intensive
rehabilitation, and prior RAGTT [9].

Most of the studies included only children and adoles-
cents, with a few older than 21 years [19, 20]. Klobucka
et al. [20], for adolescents and adults with bilateral spastic
CP, levels II-IV on GMECS, found statistical improvement
on GMFM in the RAGTT group in comparison to con-
ventional therapy.

INTENSITY, FREQUENCY, DURATION AND FOLLOW
UP OF RAGTT

The optimal training intensity, duration, and frequency of
RAGTT sessions is an ongoing discussion among research-
ers and clinicians [10]. As the cost of RAGTT is very high,
it is important to have evidence of the optimal number of
sessions required for RAGTT.

The number of sessions utilized in the current literature
on RAGTT range 1240, for 3-12 weeks, with a frequency
of 1-5 times per week, with session duration lasting 20-45
minutes. The studies that have shown positive changes on
gait and motor function have an average of 20 Lokomat
sessions with short intervention duration of four weeks
and high frequencies, five sessions per week [4, 20]. The
effectiveness of therapy if repeated more than once is still
not very well understood.

A recent study by Choi et al. [21] examined different
intensities of speed and BWS on RAGTT for children with
level II-III on GMFCS. With 18 sessions, better results
were seen on GMFM with high-intensity (fastest walking
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speed and lowest BWS) and comfortable intensity (inter-
mediate speed and intermediate BWS) when compared to
the low-intensity group.

Several studies have 3—-6 months of follow-up assess-
ments after the RAGTT. In adolescents and adults, scores
on all dimensions of GMFM were maintained 3-4 months
after RAGT'T [20]. Six months of sustained effects were
seen in a study done by Cherni et al [4] after 24 sessions
of RAGTT.

FURTHER STUDIES

It is well known that RAGTT is considered an adjunct
therapy rather than the substitute for conventional phys-
iotherapy [3, 21, 22]. To get precise information about the
effectiveness of RAGTT, high-quality randomized studies
are needed, involving larger number of participants, ho-
mogenized patient groups, research standardization, and
monitoring sustainability of the effects [3, 5, 6, 18].

As there is no standardized protocol for RAGTT, deter-
mining the parameters of robotic training is an individ-
ual decision of the physiotherapist. To optimize RAGTT,
guidelines for selection of parameters are essential [6],
and emphasis must be placed on walking speed, BWS, and
guidance force, which contribute to a better understand-
ing of the effects of RAGTT and correlate the results to
clinical practice [23].

Furthermore, assessments on the influence of RAGTT
on functional activities, participation, and quality of life
need to include patient- or parent-reported outcomes [5].
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To what extent children improve fitness level, reduce tired-
ness in physical activities, and decrease assistance in daily
life after RAGTT is yet to be explored.

CONCLUSION

RAGTT is an enjoyable and safe intervention for CP chil-
dren, with simultaneous motor and cognitive engagement
with positive effect on motor learning and neuroplasticity.

The main goal of this paper was to synthesize and reflect
on the research findings about efficiency of RAGTT on
motor functions, gait speed, endurance and intensity of
the sessions and sustainability of RAGTT effects.

Studies have shown that children with mild and moder-
ate impairments improve dynamic skills such as locomotor
skills, walking distance and speed. However, for those with
severe impairment, improvements are seen only in rolling
and sitting, which might be due to better postural control.

Most of the studies used intensive training of 20 sessions
as an adjunct to conventional therapy with pre-, post-, and
follow up at three and six months, demonstrating the sus-
tained functional effects of RAGT'T.

The future studies need to consider larger sample size,
longer follow-up, and influence on participation restriction
and quality of life.
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Pasmatpare yTuuaja poboTCKM NOTNOMOTHYTOr TPEHWHIA X043 HA NOKPETHOj Tpauu
Ha MoTOopuUKe QYHKLMje 1 X0oa Aeue ca uepebpanHom napanmsom

[parana hypuh, Cynuta barasatu Majcop

Konet 3apaBcTBeHMX Hayka ,Datuma’, A6y [labw, YjeaurseHu Apancku Emupartn

CAXETAK

Po6OTCKM MOTMOMOTMHYT TPEHWHT X0fa Ha NOKPETHOj TpaLu
npuMetbyje ce y nocneatbe fBe AeLieHuje Koa JeLle ca Lepe-
6panHom napanvsom. Bucoka TexHonorumja pobotckor ypehaja
omoryhaBa UHAMBUAYANHN NPUCTYN, Gu3nonoLwky obpasal
XOfa, UHTEH3MBAH TPEHWHT KPO3 BENNKU 6Poj NoHaBsbatba Y3
nocrneLBakbe MOTVBALIMjE 1 aKTVIBHE NaXtbe, Koje YTy Ha
MOTOPVYKO YUetbe 1 NAACTULUTET Mo3ra. Pe3yntati KNnnHUYKNX
CTyAwuja Cy KOHTPOBEP3HM y mornefy epuKacHOCTU pobOTCKM
MOTMOMOTHYTOT TPEHMHIA XOAa Ha B6P3UHY 1 N3LPXK/bUBOCT Y
xopy, rpybe motopuuke GyHKLMje, NOCTypanHy KOHTPony 1
6anaHc Kop AeLie ca LiepebpanHom napann3om Koja cy Ha pa-

doi:

3/IMYUTOM HUBOY MOTOPUYKOT dYHKLMOHUCarba. HayuHy foKasu
He UCTNYY CYynepUOPHOCT PO6OTCKe pexabunuTauuje xoaa y
OfIHOCY Ha KOHBEHLIMOHaNHY Tepanujy. IHTEH3WTET, yuecTanocT,
Tpajarbe Tepanuije 1 0JPKUBOCT edeKaTa Cy akTyesiHa UCTPaXu-
Bauka nuTtama. bypyhe ctyamje Tpeba fa obyxsate Behu 6poj
WCMUTAHWUKA, BULIW METOLOSOLLKI KBaNUTET, CTaHAapAM3aLujy
13BelUTaBakba POOOTCKYX NapameTapa v yTuLaj PoboTCKy NoT-
MOMOFHYTOT TPEHUHTa X0fa Ha akTUBHOCT, MapTuLunauujy v
KBaNIUTET XMBOTa feLie ca LiepebpanHoM napannsom.

KrbyuHe peun: LepebpanHa napanusa; poboTCKu NOTMOMOTHYT
TPEHVHT X0Aa; MOTOpUYKe GyHKLMje; XOof; AeLia
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SUMMARY

Treatment of gastroesophageal junction carcinomas have been debated for many years. This type of
carcinomas has been classified as either gastric or esophageal carcinomas until Siewert’s classification
was established and they were defined as a distinct entity. Risk factors for the development of these
cancers are gastroesophageal reflux and Barrett’s esophagus, obesity, Helycobacter pylori infection, smok-
ing, and alcohol. Symptoms of this disease include retrosternal pain, dysphagia to aphagia, and weight
loss. Esophagogastroduodenoscopy with biopsy and pathohistological verification as well as CT of the
chest and abdomen are crucial in establishing the diagnosis. Adenocarcinoma is predominant histo-
logical type of these tumors. The stage of the disease is defined by the TNM classification. Treatment of
gastroesophageal junction cancer is complex, multidisciplinary, and multimodal, and involves the use
of surgery, chemotherapy, and radiotherapy, alone or in different combinations. Surgery is the major
treatment modality for these tumors, especially in local stages. Radiotherapy is used in the treatment of
these tumors in all stages of the disease, and especially in the multimodal treatment of locally advanced
gastroesophageal junction cancer, both preoperatively and postoperatively, usually in combination with
chemotherapy. Chemotherapy is used in the treatment of these cancers as preoperative, postoperative
and systemic. Immunotherapy and target therapy, as new promising therapy, is usually applied in a
systemic and postoperative approach. Future directions in the treatment of these cancers are directed
towards new surgical procedures, new types of immunotherapy, as well as new radiotherapy techniques.

Keywords: gastroesophageal junction cancer; surgery; radiotherapy

INTRODUCTION

Gastroesophageal junction (GEJ]) carcinomas
are relatively rare and aggressive tumors with
an increase in the incidence rate in recent de-
cades [1].

Siewert’s classification defines them as tu-
mors located within 5 cm of the anatomical
cardia (distal or proximal):

1) type I - adenocarcinoma of the distal
esophagus with tumor epicenter 1-5 cm above
the GEJ,

2) type II - adenocarcinoma of the cardia
with the epicenter of the tumor 1-2 cm below
the GEJ, and

3) type III - subcardial gastric carcinoma
with the epicenter of the tumor 2-5 cm below
the GEJ.

Risk factors for GE]J cancers are gastro-
esophageal reflux and Barrett’s esophagus,
obesity, Helicobacter pylori infection and
smoking [2]. The most common symptoms
include retrosternal pain, dysphagia to apha-
gia, regurgitation of the stomach contents and
weight loss. The key methods for diagnosing
GEJ cancers are esophagogastroduodenoscopy
with biopsy and thoracic and abdominal com-
puted tomography. Histopathology with immu-
nohistochemical staining is used for definitive

diagnosis and the majority of GE]J cancers are
adenocarcinomas, less often they are squa-
mous type. The genome of gastroesophageal
carcinoma is complex and includes mutation
of the most common genes (especially TP53),
high microsatellite instability, and mutation of
oncogenic kinases (EGFR, HER2, and MET).
According to the TNM staging, GEJ carcino-
mas can be divided as follows:

1) local (early) stage (Tis-T1 NO MO),

2) locally advanced stage (T2-4 N1-3 MO0),
and

3) metastatic stage (T1-4 N1-3 M1).

TREATMENT

The multimodality and multidisciplinarity
are necessary in the treatment of GEJ cancer.
Surgery, radiotherapy (RT), and chemotherapy
(CT) are treatment modalities. The basic prin-
ciples of treatment are that early GE]J cancers
are treated only with surgery, locally advanced
cancers with a combination of surgery, CT, and
RT, and metastatic cancers with CT or RT. Most
widely used recommendations for the treatment
algorithm are the National Comprehensive
Cancer Network (NCCN) and the European
Society of Medical Oncology (ESMO).
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Early stage

Local (early) GEJ carcinomas includes Tis and T1a-b NO
stage of disease.

The primary approach in early stage of the disease is
radical surgery and includes endoscopic techniques such as
endoscopic mucosal resection and endoscopic submucosa
dissection (ESD), as well as classical surgical techniques
such as esophagectomy with gastrectomy and lymphad-
enectomy.

Endoscopic mucosal resection is an option for T1a le-
sions smaller than 10-15 mm and ESD may be considered
in T1a lesions larger than 15 mm [3]. If after endoscopic
resection histopathology parameters show poor differ-
entiation, lymphovascular invasion, or positive margins,
further steps may include adjuvant radiochemotherapy
(RCT).

For T1b GEJ cancers esophagectomy is indicated, but
for T1b cancers with favorable histopathological pattern
(well-differentiated, smaller than 2 cm and without LVI)
ESD may be a good alternative to esophagectomy. Two
types of esophagectomy are used, transthoracic (Ivor-Lewis
procedure) and transhiatal. The radicality of surgery is im-
perative due to the significant deep and per continuitatem
spread of these tumors (significantly more in type I and II
than in type III) [4]. The consensus in surgical treatment
of GEJ type I cancer is esophagectomy with transthoracic
approach [5]. GEJ type II carcinomas are true junctional
tumors, so the choice of surgical approach is very contro-
versial. Two types of surgery are used, total gastrectomy
with transhiatal distal esophagectomy and transmediastinal
esophagectomy with proximal gastrectomy [6]. Total gas-
trectomy with distal esophagectomy is needed for GEJ type
III carcinomas [6]. Lymphadenectomy implies a dissection
of mediastinal and abdominal lymph nodes (“two-field”).
Recommendations for lymphadenectomy in GEJ type I
cancer are upper, middle, and lower mediastinal and ab-
dominal dissection, in type II are upper, middle, and lower
mediastinal and abdominal dissection, and in type III these
are lower mediastinal and abdominal dissection [7].

In recent years, newer surgical procedures in the treat-
ment of GE]J carcinoma such as robot-assisted, hybrid, and
minimally invasive esophagectomies may have the poten-
tial to achieve better results compared to conventionally
accepted surgical techniques [8].

Locally advanced stage

Locally advanced GEJ carcinomas include T2-T4 N0-3
stage of the disease.

For patients who are medically fit and present with good
performance status (ECOG PS 0-1) with potentially re-
sectable locally advanced disease stage T2-T4a, indication
is preoperative RCT with/without surgery, perioperative
CT with surgery or neoadjuvant/perioperative immune
checkpoint inhibitors therapy with/without surgery. T4b
tumors with involvement of the surrounding organs are
unresectable, so that patients, if they are medically fit with
ECOG PS 0-2 are candidates for definitive CRT or CT.

‘ DOI: https://doi.org/10.2298/SARH240423052M
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Today, a standard in the treatment of a locally advanced
GE]J carcinoma is a multimodal approach (a combination
of RT, CT, and surgery). Even though RCT provides higher
rates of complete pathologic response and better locore-
gional control then perioperative CT, survival in both types
of therapy is similar [9]. The ESOPEC-trial [10], which
compares these two modalities in neoadjuvant setting in
patients with esophageal adenocarcinoma, is in progress,
and results are expected. For GEJ adenocarcinomas pre-
operative RCT is generally used in the USA, while periop-
erative CT is favored in most European countries, but for
GEJ squamous cell carcinomas, preoperative RCT is the
standard of care in general. The most important study that
established the benefit of preoperative RCT is the Dutch
CROSS trial [11], with over 300 patients that compared
the five-year survival of two groups of patients, treated
with surgery alone or with a combination of preoperative
RCT (CT with paclitaxel/carboplatin and 3D conformal
RT with TD 41,4 Gy) and surgery. The percentage of RO
resection was 92% vs. 69%, five-year survival was 43.2 vs.
27.1 months (RCT and surgery group vs. surgery group),
PCR was 23%, and grade III toxicity was up to 10%. The
most relevant study on the role of perioperative CT in
gastric and GEJ cancer is MAGIC trial [12], with 500 pa-
tients, which compares two groups of patients treated with
surgery alone and patients treated with perioperative CT
(epirubicin/CDDP/5-FU) with surgery. The results showed
acceptable toxicity (0.3-23.8% of hematological grade III
and 2.6-6.4% of non-hematological grade III), and five-
year survival rate of 36% vs. 23% in favor of the CT group.

The combination of radiotherapy and CT enhances the
effect of the therapy. The most modern radiotherapy tech-
niques include intensity modulated radiotherapy (IMRT)
and volumetric modulated arc therapy (VMAT) [13].
Radiotherapy doses in preoperative RCT are ~ 41.4-50.4
Gy in ~ 23-28 fractions.

After preoperative RCT, if there is local disease (partial
tumor regression or stable disease), patients are referred
for surgery. However, in the case of a complete clinical
response, patients can undergo esophagectomy or continue
to follow-up [14].

Perioperative CT with FLOT (5-fluorouracil, leucovo-
rin, oxaliplatin, and docetaxel) has become the gold stan-
dard treatment for medically fit patients with operable gas-
troesophageal adenocarcinoma [15]. In patients who are
intolerant to multiple agents, HT with 5FU/CDDP can be
used [16]. Perioperative CT is incorporated in guidelines
such as ESMO and NCCN, but preoperative RCT is emerg-
ing as the standard in the treatment of locally advanced
GE]J carcinomas [17, 18]. Preferred regimens combination
of cytostatic drugs in preoperative RCT are 5-FU/CDDP
and paclitaxel/carboplatin.

Definitive radiotherapy is performed less often on GE]J
cancer patients who are considered medically unfit for
surgery, in unresectable disease (cT4b stage) cases, and
on patients with resectable disease who decline surgery.
RT technics and a combination of cytostatic drugs are the
same as in preoperative RCT, and RT doses are 45-54 Gy
in 25-30 fractions.

Srp Arh Celok Lek. 2024 Jul-Aug;152(7-8):419-423
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In postoperative approach after esophagectomy, further
therapy depends on previous therapy (preoperative CT/
RCT), margin resection status, nodal status, number of
extracted lymph nodes, tumor stage, tumor differentiation,
and tumor invasion [17, 18].

In general, there is no consensus in adjuvant treatment
of GEJ cancers. Although most patients with locally ad-
vanced disease receive preoperative therapy, postoperative
RCT remains a standard of care for GE]J/gastric cancers
in the USA. Postoperative CT is a standard of care in the
East [19].

Research that can serve as a landmark regarding the ap-
plication of postoperative RCT in GEJ cancers is INT 0116/
SWOG 9008 trial [20]. In this trial, surgery or surgery plus
postoperative RCT have been used in over 500 patients with
gastric or GEJ cancer (RT with 45 Gy in 25 fractions and
CT with 5-fluorouracil/leucovorin). Three-year survival
was 50% vs. 41% in favor of the RCT group, and local and
regional relapse was reduced in the RCT group (19% vs.
29% and 65% vs. 72%). The radiation techniques used in
postoperative RT are also IMRT and VMAT, and the doses
are also in the range of 45-50.4 Gy in 25-28 fractions.

The use of adjuvant CT after surgery is established after
the CLASSIC trial [21], which included 1000 patients with
gastric and GEJ cancer and showed enhanced five-year
survival in patients who had postoperative CT over the
patients who had only surgery. Preferred combination of
cytostatic drugs in postoperative CT are also 5-FU/CDDP
and paclitaxel/carboplatin.

Advancements in radiotherapy techniques are improving
tumor delineation (RT planning based on MRI and PET),
reducing interfraction motion (using IGRT and 4DCT)
and intrafraction motion (respiratory-gated RT), increasing
the dose to the tumor [simultaneous integrated boost (SIB)
technique of RT] [22]. Recently, proton therapy has shown
promising results especially in sparing of organs at risk.

In the treatment of GEJ cancers, immunotherapy with
monoclonal antibodies is used, such as trastuzumab and
“checkpoint” inhibitors such as pembrolizumab and
nivolumab.

Adjuvant nivolumab after surgery in patients with
esophageal and GEJ cancers, who had received neoadjuvant
RCT and have evidence of residual pathological disease
in the resection specimen (>ypT1 and/or >ypN1) leads to
significant improvement in disease-free survival [23].

Metastatic stage

Metastatic GE]J carcinomas include T1-T4 N1-N3 M1 stage
of the disease.

CT with/without immunotherapy is the standard of
treatment in metastatic disease, followed by palliative ra-
diotherapy. Patients with good ECOG PS (0-2) are con-
sidered for systemic CT.

Srp Arh Celok Lek. 2024 Jul-Aug;152(7-8):419-423

Combination treatments with two drugs (fluoropyrimi-
dines + platinum) are the treatment standard, combina-
tions with three drugs (5-FU + platinum + docetaxel) are
controversial but could be applied in patients with excellent
ECOG PS, while monotherapy (fluoropyrimidine, irino-
tecan, weekly taxane) could be the choice in patients with
poor ECOG PS [24]. Adding transtuzumab to standard
CT in the first-line setting led to improved outcomes in
patients with HER2-positive, advanced GEJ cancers [25].
Nivolumab in combination with standard first-line CT
demonstrate superior results [26]. Both paclitaxel and
irinotecan are reasonable second-line treatment options
because there is no statistically significant difference be-
tween them in the overall survival [25].

The first clinical trials on the application of immu-
notherapy based on human dendritic cells showed good
tolerance and prolonged survival time in patients with
gastrointestinal tract cancers, but the application is still a
great challenge [27].

More than 40% of patients with metastatic cancer re-
ceive palliative radiotherapy [28]. Indications are local re-
currence, bleeding, obstruction, pain, and bone and brain
metastases, and radiation doses are 8 Gy in one fraction,
16 Gy in four fractions, 20 Gy in five fractions, or 30 Gy
in 10 fractions.

CONCLUSION

Treatment of GEJ cancers is complex and involves the use
of RT, CT, surgery, and immunotherapy alone or in differ-
ent combinations. Surgery is the first choice of GEJ cancer
treatment, especially in the localized stage of the disease.
RT has a significant role in the treatment of these tumors in
all stages of the disease, especially in locally advanced can-
cers in the neoadjuvant approach, usually in combination
with CT, but also in the adjuvant approach. The modern
RT techniques have enabled the application of higher doses
of radiation with significant protection of the surround-
ing healthy tissues in this region, leading to a significant
reduction in the toxicity of RT alone or in combination
with CT. Various CT regimens are unavoidable in the treat-
ment of GEJ cancer in a neoadjuvant, adjuvant, or systemic
approach. Immunotherapy as a new promising therapy
is being imposed in the treatment of these cancers. The
future of treatment of these cancers is directed toward new
surgical procedures, wider application of immunotherapy,
as well as new RT techniques.
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KapumHom ractpoesodareanHor cnoja — akTye/Ha Tema 1 guneme y neverby

Hukona Munowesuh', Cy3aHa CrojaHoBuh-PyHauh'? CphaH Munanosuh', E6paxum Kepamatonax?®, Mpeapar Cabrbak®?,

OrtbaH Ckpobuh?3, Munow bjenosuh*

MHcTuTyT 33 oHKonorujy 1 paguonorujy Cpbuje, beorpag, Cpbuja;
*YHueep3uTet y beorpagy, MegnunHcku gakyntet, beorpag, Cpbuja;

3YHUBeP3NTETCKM KNMHUYKY LeHTap Cpbuje, KnuHuka 3a gurectnsHy xupyprujy — Npsa xvpypluka knHuka, beorpag, Cpbuja;

*bonHuua,Eypomenuk’, beorpag, Cpbuja

CAMETAK

KapuvHomu ractpoesodareanHor cnoja gyro cy n3asusanv
auneme 1 KnacuorKoBaHU Cy Kao KapLMHOMM Xenyua uim
jenmaka cee po CnuepToBe KnacuduKkaumje Kaga cy aepuHu-
caHU Kao nocebaH eHTutet. DakTOpM pU3NKa 3a pa3Boj Kap-
LMHOMa racTpoe3odareanHor croja cy ractpoesodareanHm
pednykc v bapeToB jefrbak, rojasHocT, HbeKLMja 6akTepujom
Helycobacter pylori, nywetse 1 ankoxosn. Cumntomm oe 6onecti
YKIbyuyjy peTpocTepHanHu 6on, aucoarujy go adaruje, peryp-
rUTauujy »enyaayHor cagpxaja v rybutak texuHe. Esodaro-
racTpoayofeHocKonuvja ca 61Moncujom 1 NaToxXCToNOWKOM
BeprdUKaLvjom, Kao 1 KOMMjyTepr3oBaHa Tomorpaduja rpya-
HOT KOLLa 1 abAOMEHa KIbyYHe Cy Y MOCTaB/bakby fUjarHO3e.
AAeHOKapLIHOM je AOMVIHAHTHI XVICTONIOLUKM TUM OBUX TYMOpa.
Cragujym 6onectu ce pedvHuwe TNM knacudrkaumjom. Jleye-
b€ KapLHOoMa ractpoe3odareasnHor croja je KOMMIEKCHO, MyJi-
TUAVCLMMIVHAPHO U MyNTAMOAANHO 1 NOfpasyMeBa NpuMeHy
XMpypruje, xemyotepanuje 1 paguotepanuje, CaMoCTanHo Un
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Y PasnuunTm KombrHaLmjama. Y MynTrmMoaanHoM feyerby Jio-
KaJlHO y3Hanpe[oBasior KapLyHOMa racTpoe3odareasnHor cnoja
nocToje Auneme Kao LITO Cy ONTUManaH XMpypLUK NPUCTyn
1 Tepanujckm pegocne. Xvpypruja je rnaBHU HauviH fieverba
0BVX TYMOPa, MOCEBOHO Y NOKaHUM CTagujymuma. Paguotepa-
nvija ce KOPUCTU Y NleYetby OBMX TyMOpa Y CBM CTagujyMnuma
6onecTun, a nocebHO y MynTVMOAANHOM Neyetby NOKaHO y3-
HanpefoBanor KapLurHoma ractpoesodareanHor croja, npe-
onepaTrBHO 1 MOCTONEPATMBHO, Hajuyellhe y KOMOUHaLKju ca
XemMunoTepanujom. XemmoTepanuja ce KOpUCTU y CBUM 06nmLv-
Ma y Nleyerby OBUX KapLMHOMa Kao npeonepaTuBHa, nocTorne-
paTuBHa 1 cuctemcka. imyHoTepanuja v LubHa Tepanuja, Kao
HajHOBMj1 06NV Neyerba, 06MUHO Ce NPUMEtbYjY CUCTEMCKM
1 nocTonepaTtvBHO. byayhn npasuy y neuerby 0BrX KapLHOMa
Cy YCMepeHM Ka HOBVM XVPYPLUKM NpoLiefypama, HOBVM TUMO-
BUMa VIMyHOTEpanuje, Kao 1 HOBMM TeXHMKaMa pagnoTepanuje.
KmbyuHe peun: KapuynHoM ractpoesodareasiHor npenasa; Xxu-
pypruja; paguotepanuja
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National clinical practise guidelines — prevention and
treatment of uncomplicated urinary tract infections

Nada Dimkovic, Visnja LeZai¢

Serbian Medical Society, Academy of Medical Sciences of the Serbian Medical Society, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Uncomplicated urinary tract infections occur in persons with morphologically and functionally normal
lower and upper urinary tract, normal kidney function, and a competent immune system. They are one of
the leading reasons of antibiotics misuse. There is much controversy regarding the screening, diagnosis,
and treatment of urinary tract infection. This article summarizes the most common urinary tract infections
and those that cause the most doubts in daily clinical practice. The goal is to stimulate physicians in us-
ing the latest recommendations of the national guidelines that may help them in daily clinical practice.
Keywords: uncomplicated urinary tract infection; recommendations; national guidelines

INTRODUCTION

Urinary tract infections (UTIs) are one of the
leading cause of antibiotics use worldwide. On
the annual level, UTIs are found in more than
150 million people globally, which ranks them
among the most common infectious diseases
[1]. The true incidence of UTIs in Serbia is not
easily determined because they are not subject
to mandatory reporting.

Uncomplicated UTTIs are defined as UTIs oc-
curring in persons with morphologically and
functionally normal lower and upper urinary
tract, normal kidney function, and a compe-
tent immune system. There is much contro-
versy regarding the screening, diagnosis, and
treatment of these infections. The new national
guidelines have given recommendations for
uncomplicated UTIs [2]. This overview sum-
marizes the most common topics that cause the
most doubts for treatment in clinical practice.
The goal is to stimulate physicians in using the
guidelines in appropriate medical situations so
that the practice of all doctors in our country
could be uniform.

ASYMPTOMATIC BACTERIURIA

Asymptomatic bacteriuria (AB) is a significant
concern in current guidelines due to its link
to unnecessary antibiotic use. AB is defined as
the presence of one or more bacterial species
in urine taken properly (= 10° colony-forming
units per ml) regardless of the presence of py-
uria and without symptoms of urinary infection
[3]. In some cases, especially among the elderly,
AB can be mistaken for a UTI when patients
show general deterioration (e.g., mental state

changes, lethargy, loss of appetite). However,
these symptoms might be caused by factors
other than a UTL. Therefore, it is crucial to ex-
plore other potential causes before attributing
such conditions to UTI and initiating antibiotic
treatment [3].

Screening for AB is not recommended ex-
cept for pregnant women (when it is treated
and controlled) and before urological interven-
tions that are accompanied by bleeding (such as
transurethral resection of the prostate). A single
dose of antibiotics is given before the interven-
tion, and the drug is possibly used for a short
time or while a temporary urinary catheter is
in place. Screening and treatment of AB be-
fore spinal surgery is recommended for patients
with a urinary catheter, neurogenic bladder or
urinary incontinence in order to reduce the risk
of Gram-negative infection at the surgical site.

ACUTE UNCOMPLICATED CYSTITIS

Acute uncomplicated cystitis refers to sudden
inflammation of the bladder without underly-
ing health issues or urinary tract abnormalities.
Around half of women experience it at least
once in their lives, and a third have it by the
age of 24. Diagnosis is often based on symp-
toms like pain during urination and urgency
without vaginal discharge or pain [4]. In typi-
cal cases, urine analysis might not be neces-
sary [4]. However, in older women, symptoms
might not always signify cystitis, requiring
laboratory confirmation [5]. The presence of
leukocytes in urine is not specific for UTI, but
detecting nitrites is highly indicative of bac-
terial presence. However, some bacteria types
(Staphylococcus, Enterococcus, Pseudomonas)
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do not convert nitrates to nitrites, and the absence of ni-
trites does not rule out infection (e.g., due to diluted urine
or certain bacteria types).

Urine culture is indicated when the diagnosis of acute
uncomplicated cystitis is not clear, in case of persistence
of symptoms, early return of infection, suspected resistant
infection or when therapeutic options are limited due to
multiple allergies.

The first-choice drugs for uncomplicated cystitis treat-
ment are fosfomycin trometamol in a single dose of 3 g,
nitrofurantoin 100 mg twice a day for five to seven days,
and pivmecillinam 400 mg three times a day for three to
five days [6]. Trimethoprim + sulfamethoxazole, the most
commonly used drug for this indication, can only be used
empirically if the local E. coli resistance rate is less than
20% [7]. Fluoroquinolones are extremely effective in three-
day regimens, but they should be considered as alternative
antibacterial drugs because of side effects.

RECURRENT URINARY TRACT INFECTIONS

Recurrent UTIs (rUTI) are common in women across vari-
ous demographics. Around 60% of women experience an
acute bladder infection in their lifetime, 20-40% of them
might have recurrent episodes, and almost half experienc-
ing multiple recurrences [8]. A diagnosis of rUTI typically
requires two infections in the past six months or three
within the previous year [8].

To identify the underlying causes of rUTI, medical
examinations are crucial including pelvic, gynecological,
and urological evaluations. These examinations may detect
anatomical or functional issues like stones, diverticula, or
nerve-related bladder problems. Bowel issues, prior an-
tibiotic use, Clostridium difficile infection, antibiotic re-
sistance, allergies, menopausal status, contraceptive use,
sexual activity, and genital tract symptoms should be taken
into consideration. Additionally, conditions like bladder
or vaginal prolapse, rectal issues, cysts, and infections in
genital areas need consideration. Examining pelvic floor
muscles, especially in elderly and women who have given
birth multiple times, is essential [9]. Neurological condi-
tions (brain and spinal cord damage, diabetes and veg-
etative polyneuropathy) and ongoing therapies affecting
urine flow should also be taken into account. Treating the
primary issue often resolves the recurring infections.

Positive urine culture is necessary for diagnosing rUTL
Routine cystoscopy and upper urinary tract imaging are
not routinely advised but might be considered in case of
poor response to therapy or if infections return rapidly
with the same microorganism. It is reccommended to wait
for urine culture results before starting treatment [10].
Antibiotic selection relies on prior culture results, favoring
first line therapy like nitrofurantoin, trimethoprim-sulfa-
methoxazole, or fosfomycin for shorter courses, typically
lasting up to seven days. Prophylactic antibiotics might be
considered after discussing the risks and benefits either on
the daily basis or during the risk conditions (sexual inter-
course, travel, all-day work, diarrhea, or constipation). The
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duration of prophylaxis varies from three to 12 months
with periodic patient monitoring. Immunoprophylaxis
with polyvalent vaccines [Uro-Vaxom® (OM-89, OM
Pharma, Meyrin, Switzerland)] or autovaccines can be
advised. Peri- and postmenopausal women, without con-
traindications, may consider using vaginal estrogen [11,
12]. Post-treatment, urine analysis is needed only for those
with persistent symptoms.

ACUTE UNCOMPLICATED PYELONEPHRITIS

Acute uncomplicated pyelonephritis is an inflammation
of the renal pelvis, calyces, and tubules, typically caused
by bacteria and presenting with fever and signs of sys-
temic infection [13]. Urine analysis is crucial for diagnosis,
which reveals blood, leukocytes, and nitrites via a test strip.
Microscopic urine analysis shows high leukocyte counts,
leukocyte cylinders, and bacteria. In E. Coli infections,
erythrocytes might be present. Initial Gram staining may
help in selecting the most suitable therapy. Urine culture
confirms the infection and identifies the causative agent
and its sensitivity [14]. Blood tests often show increased
leukocytes, neutrophils, sometimes anemia, rarely low
platelets. Inflammation is indicated by increased values
of C-reactive protein, D-dimer and accelerated sedimenta-
tion. Electrolyte imbalances, kidney failure, and elevated
procalcitonin levels are indicators of systemic infection or
even sepsis [15].

Acute uncomplicated pyelonephritis treatment can be
on outpatient or in hospital basis depending on the sever-
ity of the disease. Outpatient treatment begins after urine
sampling with empirical antibiotics like fluoroquinolones
or third-generation cephalosporin. Mild form of the dis-
ease may start with a single dose of intravenous antibiotics
initially [16].

Moderate form of the disease can be treated on an out-
patient basis if the patient can consume liquids, food, and
medications orally or if home-based intravenous therapy
is feasible. Otherwise, hospitalization is recommended.
Severe, septic form of pyelonephritis requires hospital
treatment with carbenicillin or ureidopenicillin with/
without aminoglycosides (adjusted to kidney function)
along with supportive measures [16].

URINARY TRACT INFECTIONS DURING PREGNANCY

UTIs often occur during pregnancy and present a risk
factor for maternal and fetal morbidity [17]. Pregnancy
increases the risk of UTI due to changes in the function
of the endocrine and immune systems, but also due to the
mechanical compression of the ureters and bladder by the
enlarged uterus.

Screening for AB by urine culture is recommended for
all pregnant women during the first trimester of preg-
nancy with the aim of reducing the risk of pyelonephritis,
premature birth, and low birth weight [18]. In pregnant
women with AB, empirical use of antibiotics and one-day
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use of antibiotics is not recommended (exception is
fosfomycin-trometamol in single dose of 3 g). Women
with proven group B streptococcal bacteriuria should be
treated with appropriate intravenous antibiotics, aiming
to prevent diseases in newborns, and the drugs of choice
are penicillin, Cephalexin (Hemofarm AD, Vr$ac, Serbia)
and Clindamycin (CHEPHASAAR chem. - pharm. Fabrik
GmbH, St. Ingbert, Germany) [19]. Urine culture control
is advised until delivery.

Cystitis in pregnant women requires empiric thera-
py (after urine is taken for analysis) with cefpodoxime,
amoxicillin-clavulanate, and fosfomycin for three to seven
days, unless fosfomycin is used. Urine culture is advised
one week after the end of therapy [20]. Antimicrobial pro-
phylaxis is advised if pregnant women have three or more
episodes of cystitis during pregnancy.

Most episodes of acute pyelonephritis (AP) occur dur-
ing the second and third trimester of pregnancy, and are
accompanied by numerous complications. For pregnant
women who have fever and/or pain in the loins or back,
some other obstetric complications should be considered
such as: intra-amniotic infection, placental abruption,
nephrolithiasis and acute abdomen [20]. Radiological
diagnostics of the kidneys and urinary tract may be justi-
tied when AP recurs or responds slowly to treatment [20].
Treatment of AP is carried out in hospital setting for the
first 48 hours, where empiric antibiotic therapy with par-
enteral beta-lactam antibiotics is started. Fluoroquinolones
and aminoglycosides should be avoided. If bacterial re-
sistance to the empirical antibiotic is found, a change of
antibiotic is necessary regardless of whether the symptoms
of the infection improve or not. The duration of AP treat-
ment is 10-14 days, and antibiotic prophylaxis is recom-
mended for women who have had at least two episodes of
AP during pregnancy.

URINARY TRACT INFECTIONS IN ELDERLY PEOPLE

UTIs are responsible for about 15.5% of hospitalizations
due to infectious diseases in persons > 65 years of age and
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HauunoHanHe cmepHULLE KNMHUYKE NpaKce — NPeBeHLMja U leyetbe
HEeKOMN/IMKOBaHUX MHEKLMja MOKpahHUX nyTeBa

Hapa nmkosuh, Bulutba Jlexanh

Cpncko nekapcko ApyLTBo, AKagemuja MeguumMHCKIX Hayka Cprickor nekapckor apyLtsa, beorpag, Cpbuja;

YHuBep3uteT y beorpagy, MeguuuHcku dakyntet, beorpag, Cpbuja

CAMETAK

HekomnnukoBaHe nHbeKLMje MoKpahHUX NyTeBa ce ogHoce
Ha 0cobe ca MOPHOIOLLKY U GYHKLMOHAIHO HOPMaTHUM ypu-
HAPHMM TPAKTOM 1 OUYBaHVM UMYHCKUM cucTemom. OHe cy 1
Hajuewwhu pasnor 310ynoTpebe aHTM6KOTMKA. MOCTOjU BULLE
KOHTPOBEP3U O CKPVHIWHTY, ANjarHOCTKOBAtbY 1 Nlevetby He-
KOMMNMKOBaHVX MHdeKLMja MOKpahHUX NyTeBa. Y 0BOM UilaHKy
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caxeTe Cy Npernopyke O AnjarHOCTUKOBakbY U NleYetby Hajue-
whux nHbeKuUrja MoKpahHUX NyTeBa Koje cy 1 Hajuelwhin y3pok
Avnema y KnMH1YKoj npakeu. Linb je fa ce nekapu nogctakHy
[la KopucTe nNpenopyke HajHOBMjer BOANYA y CBAKOAHEBHOM
KJIMHUYKOM pagy.

KmbyuHe peun: HekomninkoBaHe nHdeKLje MOKpahHMX my-
TeBa; NPENOpPYKe; HaLMOHaNHN BOAMNY
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmeEema pyKkonuca YpegHUIITBY YaCOMNM-
ca ,CpIcku apxuB 3a IeTOKYIHO NeKapcTBo“ (CA)
cBU ayTOpH Tpeba Ka MpounTajy YIyTCTBO 3a ayTope
(Instructions for Authors), rae he mponahu cBe norpe6ne
uHdopMalyje 0 MUCaBy Y NPUIPEMU pajfa y CKIagy
ca cTaHflapanMa yaconuca. Beoma je BaykHo fa ayTo-
pu npunpeMe paj npemMa gaTUM IPONO3NNjaMa, jep
YKO/IMKO PYKOIIUC He Oyfe ycKIal)eH ¢ oBUM 3aXxTeBUMa,
Ypenuumrso he oIoKuTy Wiu ox6MTH HeroBo My6nu-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapury.
3a wraHke koju he ce o6jaBurn y CA, caMoM HOHYOM
papga CprckoM apXmnBYy CBU ayTOPM pajia peHoce CBoja
ayTopcKa IpaBa Ha u3fgaBaya yacomnmuca — Cprcko me-
KapcKo PYHITBO.

OIIIITA YIIVTCTBA. CA 06jaB/byje pasoBe Koju ;0
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTH VTN JeIOM, HUTH
npuxBaheny 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM ¥ CPIICKOM je3uKy. 360r 607be JOCTYITHOCTH
u Behe IMTHPaHOCTM Iperiopydyje ce ayTopuMa Ja pa-
IIoBe CBUX OO/MNMKa Ipefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBpyjy cnepehe kaTeropuje pajosa: yBOGHUIY,
OPWIVHATHM PafIOBY, TIPETXOIHA U KpaTKa CaolIITemka,
IpuKasy 60NeCHUKaA U CTy4ajeBa, BU/e0-YIaHIMN, CTIMKe
U3 KIMHIYKe MeIUIIHE, TIPeTIeTHN PajJoBH, aKTyeTHe
TeMe, PaJioBY 3a IPAKCY, PafioBM 13 MICTOPHje MeAVIIHE
U jesnKa MefUIVHe, MEeIVNIIMHCKe eTUKe, PeryTaTOPHUX
CTaHfapfa y MeIVMIMHY, M3BEIITaji ca KOHTpeca U Ha-
YYHMX CKYTIOBA, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
PY, IMCMa YPEHNKY, IPUKa3yU KIbUTa, CTPYIHE BECTH,
In memoriam v gpyru npunosu. OpuUrnHaIHA PafoBMU,
IpeTXOfIHA 1 KPaTKa CaoMIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUICO-4IAHIIN, CTIMKe U3 KIIVHIIKe MeUIVIHE,
IperefHN PaloBM M aKTyeTHe TeMe, TyOnmKyjy ce mc-
K/bY4MBO Ha EHITIECKOM je3UKY, @ OCTase BPCTe pajoBa ce
MOTY yOIIMKOBATH M Ha CPIICKOM je3VKY CaMo 10 Oy IH
Ypepunmrsa. PaoBu ce yBek J0CTaB/bajy ca caKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3UKy (y CKJIOIY CaMoT PyKo-
mica). TekcT pafia KynaTu y mporpamy 3a o6pajry TeKcTa
Word, boutom Times New Roman v BeTUIMHOM C/I0Ba
12 Tavaka (12 pt). CBe yeTupu MapryHe HOfeCUTH Ha 25
mm, BeMIYMHY CTpaHNIle Ha GopMat A4, a TEKCT KYL[aTh ¢
TBOCTPYKMM IIPOPENIOM, JIEBVM ITOPaBHAEM U YB/Ia4eHheM
cBaKor macyca 3a 10 mm, 6e3 ferpera peun (xudeHanyje).
He xopuctuty TabynaTope u y3acTOIlHe IIpasHe Kapak-
Tepe (cIiejcoBe) pajy IOpaBHamba TEKCTa, Beh anaTke 3a
KOHTpOJTy HOpaBHama Ha nemupy u Toolbars. 3a mpemasax
Ha HOBY CTpaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haxa
MHTEPIYHKIMje CTABUTY CaMo jeflaH IpasaH Kapakrep.
AKO ce y TEeKCTY KOPUCTe CIlelMjanHy 3Hauu (CuMO0mn),
kopuctuty pout Symbol. Ilogany o xopuurheHoj mure-
paTypy y TeKCTy O3Ha4yaBajy ce aparckuM 6pojeBrma y
yIJIacTMM 3arpafiama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce 1ojaBIbyjy y TeKcTy. CTpaHMIle HyMepIUCaTU pefoM Y
JIOEEM JIECHOM YTy, TI0YeB Off HaC/IOBHE CTpaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTH je3andKor craugapna American English u xopuct-

TV KpaTKe I jacHe pedeHnIle. 3a HasvBe 1eKoBa KOPUCTUTU
MCK/bYYUBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpuMyKyM HasMBNMA, a UME U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTu 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunry (amp. Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

YKonMKO je paj eo MarucTapcke Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, Win je ypaheH y OKBUpy Hay4HOT Ipoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenn Ha kpajy
Tekcra. Takobe, yKONMKO je paj IpeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTY 3BaHI9aH Ha3/B CKY-
Ia, MeCTO U BpeMe Ofip>KaBamba, /ja 1M je pajj 1 Kako my6-
JIMKOBaH (HIP. MICTY VU APYTadMjy HACTIOB U/IM CaXKETaK).

KIMHNYKA NCTPAKMBAIbA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao UCTpaXk1Bama yTHUIaja jef-
HOT MJ/IM BUILE CPeJICTaBa M/IM Mepa Ha UCXOJ, 37paBba.
Perncrapcku 6poj MCTpakuBarmba ce HaBOAM Y TIOCTIeAEM
pemy caxkeTka.

ETNYKA CATTTACHOCT. Pyxonucy o NCTpaXBamu-
Ma Ha JbyiuMa Tpeba fla cafipske M3jaBy y BUAY IMMCAHOT
IPUCTaHKa UCTIUTUBAHUX 0c06a y CKTafy ¢ XelCHHIIKOM
TeKmapanujoM 1 ofo6pembe Ha/IeXKHOT eTIIKOT 0f6opa
7la ce MCTPpaXMBambe MOXKe M3BECTH 1 1A je OHO Y CKIIafy C
IpaBHMM CTaHAapAuMa. ExcriepiMeHnTamHa uCTpaXknBarma
Ha XyMaHOM MaTepujamy U CIIUTYBaba BpIIIeHa Ha XIBO-
THbaMa Tpeba fia cafipyke U3jaBy eTUYKOT 0f60pa yCTaHO-
Be 11 Tpeba fla Cy Y carlaCHOCTH C TPaBHUM CTaHAApAyMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomuc ce npu-
JIaXKe IIOTIMCaHa U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpu M3jallllbaBajy 0 CBaKOM Moryhem
CyKoOy MHTepeca UM HBeroBOM OfICYCTBY. 3a HOfaTHe
MHpOpMaInMje 0 Pa3TMINTUM BpCcTaMa Cykoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYKerma
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) o Ha-
3uBOM ,,IlonuTuka usjase o cykoby unTepeca

AYTOPCTBO. Cse ocobe Koje cy HaBefieHe Kao ayTOpU
pana Tpeba fia ce kBamudukyjy 3a ayropctBo. CBaku ay-
TOp Tpeba [ia je yIecTBOBAO JOBOJLHO Y Pafly Ha PYKOIUCY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 32 IIe/OKYTIaH
TEKCT U pe3y/TaTe USHeCeHe y pajly. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JONIPMHOCY KOHIIEIIIM)U paja, Ko-
Oujamy pesynaTaTa MIN aHANIM3U U TyMadewy pesynTaTa;
IJIAaHMParby PYKOIIMCA V/IY Fer0BOj KPUTUYKOj pEBUSUjU
Ol 3HATHOT MHTENEKTya/THOT 3Ha4aja; 3aBPLUIHOM JOTEPH-
Barby Bepsyje PYKOIMCa KOjy ce IPUIIPeMa 3a ITaMIlarbe.

AyTopu Tpeba fa IpumoKe OIMC JOIPUHOCA MOjeMHATHO
3a CBAaKOT KoayTopa y OKBUpY obpacuia Submission Letter.
DuHaHCHpame, CAaKyI/balbe NofjaTaKa MIN FeHePaTHO
HafI7eflarbe MICTPaKMBayKe IPyIie CaMi 1o cebu He MOTy
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oIpaBfiaTi ayTopcTBO. CBY APYIM KOjU Cy [JOTIPMHENN
u3paju paja, a Koju HIUCY ayTOPM PYKOIUca, Tpebamo
6u na 6yny HaBeleHM y 3aXBaTHUIIM C OIIMCOM HVIXOBOT
IOTIPMHOCA Pafly, HAPABHO, Y3 IMCAHN IPUCTaHAK.

IUTATUJAPU3AM. Op, 1. janyapa 2019. rofune cBu py-
KOIIMCH TIOf{BPTaBajy ce MpOBepM Ha IUIarujapusam/ay-
tortarujapusaM npexo SClndeks Assistant — Cross Check
(iThenticate). PanoBu kop KojuX ce JOKaKe IUTarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKIIMO-
HIICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpannuu pykomnmca
Tpeba HaBecTu crnefehe: HacnoB pasa 6e3 ckpahenna;
TIIPEIIOT KPaTKOT HAac/IoBa pajia, ITyHa IMeHa 1 ITpe3yiMeHa
ayTopa (6e3 TuTyNIa) MHAEKCHpaHa OpojeBYMa; 3BaHNYaH
HAa3MB YCTaHOBA y KOjIMa ayTOPH pajie, MeCTO U pyKaBy
(pemocmenoM Koju ofiroBapa MHAEKCMpaHUM 6pojeBuMa
ayTopa); Ha JHY CTpaHNIle HABECTU MMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj Tenedona, pakca u umejn agpecy
ayTopa 3ay>KeHOT 3a KOPECIIOH/IeHIIIjy.

CAJKETAK. Y3 opurnHaaHm pafi, IpeTX0JHO 1 KPaTKO
CaoTIIITelbe, Mperef IMTepaType, MpUKa3s crydaja (6omec-
HIUKa), Paji U3 UCTOpUje MeULIVHE, aKTYeTHy TeMy, paj
3a pyOpUKY jesuK MeJVILIMHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMIM JOKyMEHTa Tpeba IPUIOKUTHI Caxe-
Tak pasia obuma 100-250 peun. 3a opuruHaaHe pafose,
IPeTXOIHO M KPAaTKO CAaoMIITemhe CakeTak Tpebda la mMa
cnenehy crpykrypy: Yeon/Imm paga, Metoze pana, Pe-
3ynTaTH, 3aK/by4aK; CBaKM Off HABEJCHNX CerMeHaTa -
caTy Kao 1oce6aH 1macyc Koju Mounbe GONIOBaHOM PeylL.
Hagectn HajakHUje pesynrare (HyMepUIKe BPETHOCTN)
CTaTUCTIMYKE aHa/M3€e U HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OuTU IMpPEKTHO IOBe3aH ca
pesynTaTMa paja. 3a mpukase 60IeCHNKa CaXKeTak Tpe-
6a ma nma cnenehe genose: YBox (y OC/en»0j pedeHNIN
HaBecTy Imb), [Ipukas 6omecHnka, 3aK/bydak; cerMeHTe
Takobe mucaTu Kao mnocebaH macyc Kojyu No4nme 601mo-
BAaHOM peun. 3a oCTajle TUIIOBE PafoBa ca)keTak HeMa
oce6Hy CTPYKTYPY.

K/bYYHE PEYN. Vicnon CakeTKa HaBeCTH Of TPU JIO
ImecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
B/bajy pedM U3 HAC/IOBA, a KIbY4He pedr Tpeba fa 6yny
perneBaHTHe VIV ONMNUCHe. Y M360pPy K/bYIHUX pedun KO-
puctutn Medical Subject Headings — MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBOJ] HA CPIICKM JE3UK. Ha tpehoj o peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa MMeHa I IIpe3uMeHa ayTopa (6e3 Tury-
J1a) MHAeKCpaHa OpojeBMMa, 3BaHNYaH Ha3WB YCTAaHOBA
y KojuMa ayTopy paje, MecTo 1 fp>xaBy. Ha cnepehoj -
YeTBPTOj IO Pefly — CTPAHUIM JOKYMEHTA IIPYIJIOKUTY
caxerak (100-250 peun) ¢ KJby4HUM peunma (3-6), 1 T0
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe uTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuu UM CUH-

TarMe 3a Koje IoCToju ofrosapajyhe ume y HaleM jesuky
3aMEHUTHU TUM Ha3MBOM. YKONIMKO je paj] y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHUIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMA,
LeJIOKYTIHM TeKCT Y IbJIMa 1 JIETEH/TY Ha eHITIECKU je3UK.

CTPYKTYPA PAJIA. CBu IOGHAC/IOBY Ce TIMIITY BENMKUM
MacHMM coByMa (607y). OpUTMHAIHY paji U IPETXOTHO
U KpaTKo caollTee 06aBe3Ho Tpeba ga uMajy cnenehe
nopHacnose: YBox (Lnsb pafia HaBeCTH Kao MOCTIEbY Ia-
cyc YBopa), Metone pana, Pesynraru, [Iuckycuja, 3akmy-
vak, /Iuteparypa. IIpernen mureparype u akTyenHy TeMmy
41He: YBOJI, OfiroBapajyhm nmogHacnosy, 3akbydax, JIn-
Teparypa. [IpporMeHOBaHN ayTOp IPErIefHOT pajia MOpa
Ia HaBefe Oap IeT ayTouuTara (Kao ayTop UiIn KoayTop)
panoBa My0IMKOBaHMX Y YacOMICKMa ¢ pelieH3njoM. Ko-
ayTopM, YKOIMKO UX MIMa, MOPajy /ia HaBeny 6ap jeman
ayTOIIMTAT pajjoBa TaKohe My6IMKOBaHMX Y YaCOIMCUMA C
penensujom. IIprkas cmydaja wav 60oecHKa YnHe: YBOJ,
(Llwp papa HaBeCTU Kao MOCTIeN by Iacyc YBoza), IIpukas
6omnecHrka, [lnckycuja, Jluteparypa. He Tpe6a kopuctutu
uMeHa 60JIeCHYIKa, MHMIMjajle, HUTK OpojeBe uctopuja 60-
JIeCTH, HapO4MTO Y WIycTpanyjaMa. [Iprkasu 6omecHnka
He CMejy MMaTy BUIIE Off TIeT ayTopa.

ITpunore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTU Ha
Kpaj PYKOIINCa, @ Y CAMOM Tey TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfTHOCK Ha fiaTu Ipuior. Kpajia mosuiuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a ny6-
NUKOBame.

CKPAREHMIE. KoprctuTu camMo Kajia je HEOIXOIHO,
U TO 32 BeOMa JIyrayKe Ha3VBe XeMUjCKUX jeUEberba, Off-
HOCHO HasuBe Koju Cy Kao ckpahenurie Beh mpemosHat/pu-
Bu (crangappHe ckpahenure, xao Hnp. [JHK, cuna, XVB,
ATTI). 3a cBaky cKkpaheHMIly IyH TepMUH Tpeba HaBeCTH
PV IIPBOM HaBODemY Y TEKCTY, CeM aKo HMje CTaHapfHa
jemmamIa Mepe. He kopuctutn ckpahenniie y Hacnosy.
V36eraBatyt kopuirhemwe ckpaheHnna y caxxeTky, amy ako
CY HEOIIXOfIHe, CBaKy cKpaheHmIly 06jacHITY Ipy TPBOM
HaBoDemy y TeKCTy.

JEOVIMATHU BPOJEBIL. V TeKcTy pafa Ha €HITIECKOM
jesuky, y Tabenama, Ha TpadMKOHMMA ¥ IPYTUM TIPUTIO-
3MMa JelMaHe OpojeBe MUcaTy ca TaykoM (Hmp. 12.5
* 3.8), a y TeKCTYy Ha CPIICKOM je3UKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3a0Kpy>XuTu Ha
jenHy genyMary.

JEOVUHWIE MEPA. [ly>xuHy, BUCUHY, TeXKMHY U 3a1pe-
MVHY U3paKaBaTV y MeTPUYKIM jeAVHMIIaMa (MeTap — 11,
kuorpam (rpam) — kg (g), miarap — ) Wy BUXOBUM JeJo-
BuMa. Temmeparypy uspaxasaru y cterrennMa Iensujyca
(°C), xomuuHy cyncraHie y Monuma (mol), a mpurucax
KpBM y MUIMMeTpPUMa XUBKHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KITMHIIKNX ¥ OMOXeMMjCKIX
Meperba HaBOLUTHU Y MeTPUUIKOM CHCTeMy npema Meby-
HapofHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. IJenokynHu pyKonmuc pajia KOju YnHe
— HAaC/TIOBHA CTPaHa, CayKeTakK, TeKCT Pajia, CIMCaK JINTepa-
Type, CBY IIPU/IO3M, OFHOCHO MOTIINCH 3a FUX U JIETeH/Ia
(Taberne, cnuke, rpaMKOHM, CXeMe, LIPTEX), HACTOBHA
CTpaHa I Ca)keTaK Ha CPIICKOM je3MKy — MOPa M3HOCHUTH
33 OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Ipe-
rnen mureparype fo 5000 peun, a 3a IPETXOZHO U KPATKO
CAOIIIITEeE, TIPUKa3 60/IECHNKA, aKTYeITHY TeMY, Paji 3a
IPaKCy, efyKaTVBHY YWIAHAK ¥ pafl 32 PyOpUKY ,,]e3MK Me-
myyHe 1o 3000 pedn; pafloBU 3a OCTajie pyOpuKe MOry
yMary Hajsuue 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6utn y popma-
Ty avi, mp4(flv). Y npBom kanpy ¢umma Mopa ce HaBeCTH:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO 1eKapCTBO,
HACTIOB pajia, Ipe3yMeHa U MHUIIVjaIy IMEHa U CPeiber
CI0Ba CBMX ayTopa paja (He ¢puaMa), roguHa uspage. Y
IPYTOM Kafpy MOpa OMTH YCHUMI/bEH TeKCT pajia y BULY
arcrpakTa jio 350 peun. Y nocnenmeM Kaapy Gpuama Mory
ce HaBeCTM MMeHa TeXHIIKOT 0cob7ba (pexija, CHIMaTerb,
CBET/I0, TOH, PpoTorpaduja u ci1.). Y3 Buaeo-pagose foc-
TaBUTH: TOCEOHO TEKCT y BUAY arncTpakTa (o 350 peun),
jemny ¢ororpadujy Kao miaycrpanujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofipudy ay-
TOPCKVX TIpaBa y KOPUCT ayTopa pajia.

ITPVIJIO3M PAZTY cy ta6erne, cuke (¢potorpaduje, up-
TEXU, CXeMe, IpadUKOHM) Y BUEO-IPIUTIO3NL.

CeBaka Tabena Tpeba fa O6yme cama 1o ceb6u 1ako pas-
ympuBa. Hacnos Tpeba oTkynary usHap Tabene, a
objamrmema ucroy we. Tabenre ce 03HaUaBajy apancKuM
6pojeBnMa mpema pefocneqy HaBobhema y Texcry. Ta-
6erne pTaTH UCK/BYUNBO y Iporpamy Word, Kpo3 MeHI
Table-Insert-Table, y3 nedunucarme TagHOT OpOja KOIOHA
U perioBa Koju he 4nHNTH MpeXy Taberne. [lecHUM KIMKOM
Ha Muy — nomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHoCcHO fennty hemuje. Kynatu ponrom Times
New Roman, BenmuumnHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
npopenoM i 6e3 yBnaderwa Tekcra. Kopumrhene ckpahe-
Hulle y Tabemu Tpeba 06jacHITH y JIeTeHAM UCIIOf, Tabe-
71e. YKOJIMKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUIOXKUTU
HasuBe Tabesa U leTeHAy Ha o6a jesuka. Takobe, y jenny
Tabery, y okBUpy ucTe henmje, yHeTH 11 TEKCT Ha CPIICKOM
U TEKCT Ha €HITIECKOM je3UKy (HMKaKO He IIPaBUTH JiBe
Tabese ca iBa je3ukal).

Ciuke cy cBy 00/myLy rpaUuKmx IPUIOTa U Kao ,,CIMKe
y CA ce 06jaBmyjy dpororpaduje, npresxu, cxeMe u rpadu-
koHM. CIiKe 03HaYaBajy ce apalckuM 6pojeBuMa ImpeMa
penocneny HaBobemwa y TekcTy. IIpuMajy ce nck/byunBo
pururanHe ¢pororpaduje (pHO-6eme mm y 60ju) peso-
nyuuje Hajmame 300 dpi n popmara sanuca tiff unm jpg
(mare, MyTHe M CTIMKe JIOLIeT KBanuTeTa Hehe ce mpuxBa-
TaTH 3a mMTaMmame!). YKOIMKo ayTopy He OCeRyjy nim
Hycy y MoryhHocTH fia focTaBe gurutanse ¢pororpaduje,
OHJIa OPUTVHAJTHE C/TUKe Tpeba CKeHUPATH Y Pe3omyIyju
300 dpi v y OpUTMHATHO]j BeTMYMHN. YKOIIVKO je paji Heo-
IIXOJTHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6mutu
006jaB/beHO HEKOMMKO, a ocTasie he 6utu y e-Bep3uju wiaH-

Ka kao PowerPoint mpe3eHTanyja (cBaka cMka MOpa OUTH
HyMepJCaHa J IMaTH JIETeH ).

Bupneo-npunosu (mnycrpauuje paja) Mory Tpajatu 1-3
MMHyTa 1 6utn y popmaty avi, mp4(flv). ¥3 Bugeo moc-
TaBUTY ITOCeOHO CIUKY Koja 611 6uta mirycTpariyja Buyeo-
IpyKasa y e-M3amy 1 06jaB/beHa y IITaMIIaHOM U3JIabYy.
YKOnuKO je pyKOINC Ha CPIICKOM je3UKY, IIPMTIOKUTH Ha-
3UBe C/IMKa J JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecI MOTY IIITaMITaTy y 60ju, anmu fofiaTHe
TPOILIKOBE IITaMIle CHOCE ay TOPH.

Ipadukonu tpeba na 6yny ypahennu u jocrasbeHu y Ipo-
rpamy Excel, na 6u ce Bupierne mpatehe BpeHOCTHI pacIo-
pebene o henujama. Vicre rpaduxone npekonupaTu u y
Word-oB okyMeHT, e ce rpadMKOHN O3HaYaBajy apal-
cknM 6pojeBrMa IpemMa pefociefy HaBohemwa y TEKCTY.
Csu nopany Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopnmthene ckpahennie Ha rpa¢pukony tpeba
06jacHNTH Yy JIeTeH UCTION rpaduKoHa. Y MTaMIIaHoOj
Bep3Mju YWIaHKa BepoBaTHIje je fa rpadukoH Hehe 6uTn
IHITaMIIaH y 60ji1, Te je 6ojbe u3beraBaryu Kopuinhemwe 60ja
y TpadpMKOHMMA, NIV VX KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOJIKO je PyKOINC Ha CPIICKOM je3MKY, TPUIOKUTI
Ha3uBe rpaduKoHa VI JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce foCTaBIbajy y jpg wu tiff opma-
Ty. Cxeme ce mory upraru u y nporpamy CorelDraw ummn
Adobe Illustrator (mporpamu 3a paj ca BeKTOpUMa, KpyBa-
Ma). CBU IOfaLiyt Ha CXeMM Ky1iajy ce y outy Times New
Roman, Bemanna cnosa 10 pt. Kopuihene ckpahennre
Ha cxeMy Tpeba 06jaCHUTH y JTeTeH/M NCIIOf, CXeMe. YKO-
JIVKO je PYKOIIIC Ha CPIICKOM je31KY, IIPUIOXKIUTI Ha3uBe
cxeMa I JIereHAly Ha 00a je3uka.

3AXBAJTHUIIA. HaBecTu cBe capajiHVKe KOji Cy IOIpPH-
HeJNM CTBapamy pajia a He MCIYbaBajy Mepiiia 3a ayTop-
CTBO, Kao0 LITO €y 0cobe Koje 06e36ehyjy TexHUUKY 1o-
Moh, ToMOh y Imcamy pajia MM PyKoBOJie Ofie/berbeM Koje
o6e36ebhyje ommury moppuky. uHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEH M)A, TTOK/IOHA,
olpeMe, IeKOBa U IpyTo, Tpebda Takobe fa Oyae HaBemeHa.

JIMTEPATYPA. Cnucax pedepeHIy je ORTOBOPHOCT ay-
TOpa, a HUTUPAHY WIAaHIM Tpeba fja Oyy TaKko MpUCTy-
MavHM YnTaonyMa yaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj WwiaHKa (jenMHCTBEHY
HIICKY KapakTepa Koja My je gomerbeHa) 1 PMID 6poj yko-
JIMKO je WIaHaK MHAeKcupaH y 6asy PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM aparnckum 6pojeBrmMa
IpeMa pefocelly HaBohema y TekcTy. bpoj pedepeHnru
He 611 Tpebano fa Oyne Behu ox 30, ocuM y mmperieny -
TepaType, y KojeM je 103BO/beHO fa ux Oyzme fo 50, uy
MeTaaHajusM, Ie UX je fo3BobeHo fo 100. bpoj nuTn-
PaHMX OPUTMHATHUX pafoBa Mopa 6Ty HajMame 80%
oJI yKyIIHOT 6poja pedepeHIu, 0fHOCHO 6poj uuTupa-
HUX KIbUTA, [IOI/IaB/ba y KIbMTaMa ¥ IIpereHMX YIaHaKa
Mamy off 20%. Ykonuko ce fomahe MoHorpadcke my6mm-
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Kallyje ¥ WIAHIY MOTY YBPCTUTH Y pedepeHLIie, ayTopu
Cy AY>KHM fa ux untupajy. Behnua nurupannx naydunx
YlaHakKa He 61 Tpebano fa 6yne ctapuja of IeT rofu-
Ha. Huje 03BO/beHO IVTHpabe ancTpakaTa. YKOIMKO je
OUTHO KOMEHTAPUCATH pesy/Tare KOji Cy MyO/IMKOBaHN
CaMo y BIJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy paja. Pedepeniie wianaka Koju cy npuxsahenn
3a LITaMIIY, a1 jOILI HICY 06jaB/beHN, Tpeba 03HAYUTI
ca in press ¥ IPUIOKUTI JOKA3 O IIPUXBaTarby pajia 3a
o0jaB/buBatbe.

Pedepente ce nutnpajy nmpema Bankysepckom ctumy
(yHudopMmcaHNM 3aXTeBMMa 3a PYKOIIVICE KOjI ce Ipe-
Hajy 6MoMemVIIIMHCKUM YacOIMCUMa), KOjU je YCIIOCTaBMO
MebhyHapogHy KOMIUTET ypeJHIMKa MeANIIMHCKUX Jaco-
muca (http://www.icmje.org), unju dopmat kopucte U.S.
National Library of Medicine n 6a3e Hay4yHuUX my6nuKa-
nyja. [Tpumepe HaBohema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpaduja, eleKTPOHCKOT, Heo0jaB/beHoT I
Ipyror 06jaB/beHOT MaTepujaia) MOry ce mpoHahu Ha MH-
TepHeT-cTpaHuuu http://www.nlm.nih.gov/bsd/uniform_
requirements.html. IIpunukoM HaBobemwa nmureparype
BeoMa je BayKHO IIPUAP)KaBaTU ce IOMEHYTOT CTaHAaP/a,
jep je To jemaH Off HajOUTHMjUX PaKTOpa 3a MHIEKCUPabe
IPUIVKOM KTacuyKaIije HayYHIX 4acOMca.

ITPOIIPATHO IIMCMO (SUBMISSION LETTER). V3
pyKorc 06aBesHO IPUIOXKIUTHU 06pasary Koju Cy MOTIIN-
CaJIy CBU ayTOPH, a KOju Caip>ku: 1) usjaBy #a paj mper-
XOJIHO HUje My6IMKOBaH U Jja HUje UCTOBPEMEHO MOfHET
3a 00jaB/bMBaIbe Y HEKOM JIPYIOM YacoIINCY, 2) U3jaBy ja
CY PYKOIIIC IIPOYUTAIIY ¥ OFOOPIIN CBU ay TOPY KOjU UC-
IyHaBajy MepuiIa ayTopCTBa, M 3) KOHTAKT MOJJATKe CBUX
ayropay pany (agpece, uMejn agpece, TenedoHe UTH.).
brmanko obpasary Tpeba mpeyseT ca MHTepHET-CTPaHNUIle
vacomnuca (http://www.srpskiarhiv.rs).

Taxobe je morpe6HO HOCTaBUTH KONMje CBUX HO3BOTIA
3a: peIpoAyKoBame MPeTXOfHO 06jaB/beHOT MaTepljaa,
ynorpeby mryctpanuja u o6jaBbuBarme nHbopManyja o
HO3HATIM JbYAMMA VI IMEHOBabe /by KOjU CY JOIIPH-
HeJIM M3pafiu paja.

YIAHAPUHA, ITPETIUTIATA 1 HAKHAJIA 3A Ob-
PATY YITAHKA. Jla 6u pajy 6uo pa3marpat 3a 06jaB/bu-
Bambe y yaconucy Cpilcku apxus 3a yenoKyiHo 1ekapciieo,
CBJ ayTOPM KOjM CY JIeKapy My croMaTonosu us Cpouje
Mopajy 6uty draHoBy CpPIICKOT JIeKapcKoT ApyITBa (y
CK/Magy ca wiaHoM 6. CraryTa [IpymTsa) u USMUPUTH
HaKHajy 3a oOpapny wiaHaka (Article Processing Charge)
y usHocy of; 3000 guHapa. AyTopu U KOayTOpH U3 UHO-
CTpaHCTBa Cy y 06aBe3y Ja IIaTe HaKHaAy 3a o6pamy
unaHaka (Article Processing Charge) y usHocy of 35 eBpa.
Ynmara y jefHoOj Ka/leHAapcKoj TofuMHY 00yXBaTa U CBe
HapeJHe, €BEeHTYya/IHe YIaHKe, I0C/IaTe Ha pasMaTpame y

T0j rouHu. CBU ayTOPM KOji II/IaTe OBY HAKHA[Y MOTY,
YKOJIUKO TO XeJle, ja IIPUMajy LITaMIIaHO U3Jjalbe 4aco-
muca. Tpeba HalOMeHyTH [ja OBa yIIIaTa Hije rapaHiuja
na he pag 6utn npuxsaheH u o6jaBmwen y Cpiickom apxu-
8y 3a yenokyiino nexapciieo. Obasesa mahama HakHage
3a 00pajy YWIaHKa He OFHOCH Ce Ha CTY[eHTe OCHOBHUX
CTy[ija 11 Ha MpeTIUIATHIKE Ha YaCOIINC.

YcraHoBe (IpaBHa MHUIIa) He MOTY ITPEKO CBOje IMpeTIUIaTe
Jla VICITyHe 0Baj /0B ayTopa (($13ndKor muia). Y3 pyko-
mnc paga Tpeba JOCTaBUTH KOIMje YIIATHMIIA 32 YWIaHa-
PMHY U IIpeTIVIaTy / HaKHa/y 3a 00pajy YWIaHKa, Kao JoKa3
0 yIUIaTaMa, yKOJIMKO M3fiaBad HeMa eBUIEHL)Y O TOMe.
Yacomuc npuxBsara fjoHalyje Of CIIOH30pa KOji CHOCE [Ie0
TPOLIKOBA W/IJ TPOIIKOBE y LIJIMHU OHUX ayTopa Koju
HICY y MOryhHOCTH Ja M3Mype HaKHAAy 3a 00pajy WiaHKa
(y TakBMM C/Ty4ajeBuMa HOTPEOHO je YaCONUCy CTaBUTH
Ha YBUJ, OIIPaBJaHOCT TAKBOT CIIOH30PCTBA).

CJTAILE PYKOIIMCA. Pykomuc pajia ¥ CBM IIPUJIO3N Y3
Paj fOCTaB/bajy ce MCK/bYYMBO e1eKTPOHCKY IIPEKO CHCTe-
Ma 3a [IpMjaB/bMBalbe Ha MHTEPHET-CTPAHMIIN JaCcOIINCa:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ucniymaBsa yc/l0Be OBOT YIIYT-
cTBa He MOXKe 6utu ynyheH Ha penensujy u 6uhe Bpahen
ayTopMMa Jia ra IomyHe 1 ucnpase. [IprpxaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuTu Bpeme
Ie/IOKYITHOT TIpoIieca 10 06jaB/biBaba pajia y qacolncy,
mTo he MO3NTMBHO yTULIATH Ha KBAIMTET WIaHAKa U pe-
JIOBHOCT M3/Ta’Kerba JacoIlnca.

3a cBe momaTHe MHpOPMaIVje, MOTIMO Jia ce obpaTuTe
Ha JloJie HaBefieHe afipece 1 6poj TenedoHa.

AJIPECA:

CpIIcKo eKapcKo APYIITBO

Ypeauumrpo yaconyca ,,CpIcKu apXus 3a IeTOKYITHO
eKapcTBO

V. kpampune Harannmje 1

11000 beorpap
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INSTRUCTIONS FOR AUTHORS

Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all the
necessary information on writing their manuscript in
accordance with the journal’s standards. It is essential
that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives
of Medicine provides no fee for published articles. By
submitting a paper for publishing consideration, au-
thors of a paper accepted for publication in the Serbian
Archives of Medicine grant and assign all copyrights to
the publisher - the Serbian Medical Society.

GENERAL INSTRUCTIONS. Serbian Archives of Medicine
publishes papers that have not been, either in their entirety
or partially, previously published, and that have not been
accepted for publication elsewhere. Serbian Archives of
Medicine publishes papers in English and Serbian. For
better availability and citation, authors are encouraged
to submit articles of all types in English. The journal
publishes the following article types: editorials, original
papers, preliminary and short communications, case re-
ports, video-articles, images in clinical medicine, review
articles, current topics, articles for practitioners, history of
medicine articles, language of medicine articles, medical
ethics (clinical ethics, publication ethics) and regulatory
standards in medicine, congress and scientific meeting
reports, personal view articles, invited commentaries,
letters to the editor, book reviews, professional news,
In memoriam and other articles. Original papers, case
reports, preliminary and short communications, review
articles, current topics, video-articles and images in clini-
cal medicine are published in English only, while other
article types may be published in Serbian if the Editorial
Office reaches such decision.

The papers are always submitted with Summary in both
English and Serbian, included in the manuscript file. The
text of the manuscript should be typed in MS Word using
the Times New Roman typeface, and font size 12 pt. The
text should be prepared with margins set to 25 mm and
onto A4 paper size, with double line spacing, aligned left
and the initial lines of all paragraphs indented 10 mm,
without hyphenation. Tabs and successive blank spaces are
not to be used for text alignment; instead, ruler alignment
control tool and Toolbars are suggested. In order to start a
new page within the document, Page Break option should
be used instead of consecutive enters. Only one space fol-
lows after any punctuation mark. If special signs (symbols)
are used in the text, use the Symbol font. References cited
in the text are numbered with Arabic numerals within
parenthesis (for example: [1, 2]), in order of appearance
in the text. Pages are numbered consecutively in the right
bottom corner, beginning from the title page.

When writing text in English, linguistic standard Ameri-
can English should be observed. Write short and clear
sentences. Generic names should be exclusively used for

the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., 997Tc,
IL-6, 02, B12, CD8). If something is commonly written in
italics, such as genes (e.g. BRCAL1), it should be written in
this manner in the paper as well.

If a paper is a part of a master’s or doctoral thesis, or a
research project, that should be designated in a separate
note at the end of the text. Also, if the article was previously
presented at any scientific meeting, the name, venue and
time of the meeting should be stated, as well as the man-
ner in which the paper had been published (e.g. changed
title or abstract).

CLINICAL TRIALS. Clinical trial is defined as any re-
search related to one or more health related interventions
in order to evaluate the effects on health outcomes. The
trial registration number should be included as the last
line of the Summary.

ETHICAL APPROVAL. Manuscripts with human medi-
cal research should contain a statement that the subjects’
written consent was obtained, according to the Declaration
of Helsinki, the study has been approved by competent
ethics committee, and conforms to the legal standards.
Experimental studies with human material and animal
studies should contain statement of the institutional ethics
committee and meet legal standards.

CONFLICT OF INTEREST STATEMENT. The manuscript
must be accompanied by a disclosure statement from all
authors (contained within the Submission Letter) declaring
any potential interest or stating that the authors have no
conflict of interest. For additional information on different
types of conflict of interest, please see World Association of
Medical Editors (WAME, www.wame.org) policy statement
on conflict of interest.

AUTHORSHIP. All individuals listed as authors should
be qualified for authorship. Every author should have par-
ticipated sufficiently in writing the article in order to take
responsibility for the whole article and results presented in
the text. Authorship is based only on: crucial contribution
to the article conception, obtaining of results or analysis
and interpretation of results; design of manuscript or its
critical review of significant intellectual value; final revision
of the manuscript being prepared for publication.

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general
supervision of the research group alone cannot justify
authorship. All other individuals having contributed to
the preparation of the article should be mentioned in the
Acknowledgment section, with description of their contri-
bution to the paper, with their written consent.



INSTRUCTIONS FOR AUTHORS

PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

TITLE PAGE. The first page of the manuscript (cover sheet)
should include the following: title of the paper without any
abbreviations; suggested running title; each author’s full
names and family names (no titles), indexed by numbers;
official name, place and country of the institution in which
authors work (in order corresponding to the indexed num-
bers of the authors); at the bottom of the page: name and
family name, address, phone and fax number, and e-mail
address of a corresponding author.

SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
should have the following structure: Introduction/Objec-
tive, Methods, Results, Conclusion. Each segment should
be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
and level of significance are to be included. The conclusion
must not be generalized, it needs to point directly to the
results of the study. In case reports, the summary should
consist of the following: Introduction (final sentence is
to state the objective), Case Outline (Outline of Cases),
Conclusion. Each segment should be typed in a separate
paragraph using boldface. In other types of papers, the
summary has no special outline.

KEYWORDS. Below the summary, 3 to 6 keywords or
phrases should be typed. The keywords need not repeat
words in the title and should be relevant or descriptive.
Medical Subject Headings — MeSH (http://www.nlm.nih.
gov/mesh) are to be used for selection of the keywords.

TRANSLATION INTO SERBIAN. The third page of
the manuscript should include: title of the paper in the
Serbian language; each author’s full name and family name
(no titles), indexed by numbers; official name, place and
country of the institution in which authors work. On the
fourth page of the manuscript the summary (100-250
words) and keywords (3-6) should be typed, but this refers
only to papers in which a summary and keywords are com-
pulsory. The terms taken from foreign literature should be
translated into comprehensible Serbian. All foreign words
or syntagms that have a corresponding term in Serbian
should be replaced by that term.

If an article is entirely in Serbian (e.g. article on history of
medicine, article for “Language of medicine,” etc.), captions
and legends of all enclosures (tables, graphs, photographs,
schemes) — if any — should be translated into English as well.

STRUCTURE OF THE MANUSCRIPT. All section head-
ings should be in capital letters using boldface. Original
articles and preliminary and short communications should
have the following section headings: Introduction (objective
is to be stated in the final paragraph of the Introduction),
Methods, Results, Discussion, Conclusion, References.
A review article and current topic include: Introduction,
corresponding section headings, Conclusion, References.
The firstly named author of a review article should cite
at least five auto-citations (as the author or co-author of
the paper) of papers published in peer-reviewed journals.
Co-authors, if any, should cite at least one auto-citation of
papers also published in peer-reviewed journals. A case
report should consist of: Introduction (objective is to be
stated in the final paragraph of the Introduction), Case
Report, Discussion, References. No names of patients,
initials or numbers of medical records, particularly in il-
lustrations, should be mentioned. Case reports cannot have
more than five authors. Letters to the editor need to refer
to papers published in the Serbian Archives of Medicine
within previous six months; their form is to be comment,
critique, or stating own experiences. Publication of articles
unrelated to previously published papers will be permitted
only when the journal’s Editorial Office finds it beneficial.

All enclosures (tables, graphs, photographs, etc.) should be
placed at the end of the manuscript, while in the body of
the text a particular enclosure should only be mentioned
and its preferred place indicated. The final arrangement
(position) of the enclosures will depend on page layout.

ABBREVIATIONS. To be used only if appropriate, for
very long names of chemical compounds, or as well-known
abbreviations (standard abbreviations such as DNA, AIDS,
HIV, ATP, etc.). Full meaning of each abbreviation should
be indicated when it is first mentioned in the text unless
it is a standard unit of measure. No abbreviations are al-
lowed in the title. Abbreviations in the summary should be
avoided, but if they have to be used, each of them should
be explained when first mentioned in the text of the paper.

DECIMAL NUMBERS. In papers written in English, in-
cluding text of the manuscript and all enclosures, a decimal
point should be used in decimal numbers (e.g. 12.5 + 3.8),
while in Serbian papers a decimal comma should be used
(e.g. 12,5 + 3,8). Wherever applicable, a number should be
rounded up to one decimal place.

UNITS OF MEASURE. Length, height, weight and volume
should be expressed in metric units (meter — m, kilogram -
kg, gram - g, liter - 1) or subunits. Temperature should be in
Celsius degrees (°C), quantity of substance in moles (mol),
and blood pressure in millimeters of mercury column (mm
Hg). All results of hematological, clinical and biochemical
measurements should be expressed in the metric system
according to the International System of Units (SI units).

LENGTH OF PAPER. The entire text of the manuscript
- title page, summary, the whole text, list of references, all
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enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
in Serbian - must not exceed 5,000 words for original
articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
submitted in the flv video format. The first shot of the
video must contain the following: title of the journal in the
heading (Serbian Archives of Medicine), title of the work,
last names and initials of first and middle names of the
paper’s authors (not those of the creators of the video), year
of creation. The second shot must show summary of the
paper, up to 350 words long. The final shot of the video may
list technical staff (director, cameraman, lighting, sound,
photography, etc.). Video-articles need to be submitted along
with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
signed by the technical staff renouncing copyrights in favor
of the paper’s authors. To check the required number of
words in the manuscript, please use the menu Tools- Word
Count, or File-Properties-Statistics.

ARTICLE ENCLOSURES are tables, figures (photographs,
schemes, sketches, graphs) and video-enclosures.

TABLES. Each table, with its legend, should be self-explan-
atory. The title should be typed above the table and any
explanatory information under the table. Tables should be
numbered in Arabic numerals in order of citation in the
text. Use MS Word, the menu Table-Insert-Table, inserting
the adequate number of rows and columns. By the right click
of the mouse, use the options Merge Cells and Split Cells. Use
Times New Roman, font size 12 pt, with single line spacing
and no indent to draw tables. Abbreviations used in tables
should be explained in the legend below each respective table.

If the manuscript is entirely in the Serbian language, tables and
corresponding legend should be both in Serbian and English.
Also, the table cells should contain text in both languages
(do not create two separate tables with a single language!).

FIGURES. Figures are all types of visual enclosures, and
photographs, schemes, sketches and graphs are published as
‘tigures’ in the Serbian Archives of Medicine. Figures should
be numbered in Arabic numerals in order of citation in the
text. Only original digital photographs (black-and-white
or color), of minimum 300 dpi, and jpg or tiff format, are
acceptable (small, blurry and photographs of poor qual-
ity will not be accepted for publishing!). If authors do not
possess or are not able to provide digital photographs,
then the original photos should be scanned in 300 dpi,
and saved in original size. If a paper needs to be illustrated
with a considerable number of figures, several figures will
be published within the paper, and the rest will be avail-

able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
an illustration in the printed version.

If the manuscript is entirely in the Serbian language, pho-
tographs and corresponding legend should be both in
Serbian and English.

Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the
legend below the respective graph. In the printed versions of
papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
English.

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.

ACKNOWLEDGMENT. List all those individuals having
contributed to preparation of the article but having not met
the criteria of authorship, such as individuals providing
technical assistance, assistance in writing the paper or run-
ning the department securing general support. Financial
aid and all other support in the form of sponsorship, grants,
donations of equipment and medications, etc., should be
mentioned too.

REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, its DOI number and PMID number (if the article
is indexed for MEDLINE/PubMed) should be typed.
References should be numbered in Arabic numerals in order
of citation in the text. The overall number of references should
not exceed 30, except in review articles, where maximum
of 50 is acceptable, and in meta-analysis, where up to 100
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references are allowed. The number of citations of original
articles must be at least 80% of the total number of references,
and the number of citations of books, chapters and literature
reviews less than 20%. If monographs and articles written by
Serbian authors could be included in the reference list, the
authors are obliged to cite them. The majority of the cited
articles should not be older than five years. Use of abstracts
as references is not allowed. If it is important to comment
on results published solely in the form of an abstract, it is
necessary to do so within the text of the article. The references
of articles accepted for publication should be designated as
in press with the enclosed proof of approval for publication.

The references are cited according to the Vancouver style
(Uniformed Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library of
Medicine and scientific publications databases. Examples
of citing publications (journal articles, books and other
monographs, electronic, unpublished and other published
material) can be found on the web site http://www.nlm.nih.
gov/bsd/uniform_requirements.html. In citation of references,
the defined standards should be strictly followed, because
itis one of the essential factors of indexing for classification
of scientific journals.

SUBMISSION LETTER. The manuscript must be ac-
companied by the Submission Letter, which is signed by
all authors and includes the following: 1) statement that
the paper has never been published and concurrently
submitted for publication to any other journal; 2) state-
ment that the manuscript has been read and approved by
all authors who have met the criteria of authorship; and 3)
contact information of all authors of the article (address,
email, telephone number, etc.). Blank Submission Letter
form can be downloaded from the journal’s web site (http://
srpskiarhiv.rs/global/pdf/Submissionletterform FINAL.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND SUBSCRIPTION RATES. For
an article to be considered for publishing in the Serbian
Archives of Medicine, all its authors and co-authors, medical
doctors and doctors of dental medicine, must be members of
the Serbian Medical Society (according to the Article #6 of
the Statute of the SMS) for the year in which the manuscript
is being submitted. All authors pay an “Article Processing
Charge” for the coverage of all editing and publishing ex-
penses. Domestic authors pay 3,000 RSD, and those from
abroad €35. The editing and publishing fee is required for
substantive editing, fact and reference validations, copy
editing, and publishing online and in print. An author who
had already paid the fee can have more articles submitted
for publishing consideration in the year the fee was paid.

All authors who pay this fee may, if they desire so, receive
the printed version of the journal in the year when the fee
is paid. Please note that the payment of this charge does not
guarantee acceptance of the manuscript for publication and
does not influence the outcome of the review procedure,
in accordance with good publishing practice. The journal
accepts donations from sponsors to create a sum for pay-
ment reductions or waivers for authors unable to cover the
Article Processing Charge (a justification of the inability to
pay should be provided in such cases).

The requirement for paying the Article Processing Charge
does not apply to students or to journal subscribers. Insti-
tutions (legal entities) cannot by their subscription cover
this condition on behalf of the authors (natural persons).
Copies of deposit slips for membership and Article Pro-
cessing Charge should be enclosed with the manuscript.
Foreign authors are under no obligation to be members of
the Serbian Medical Society. All the relevant information
can be obtained via email address of the Editorial Office
(office@srpskiarhiv.rs) and on the journal’s web site (http://
srpskiarhiv.rs/en/subscription/).

SUBMISSION. Our online submission system will guide
you through the process of entering your article details
and uploading your files. All correspondence, including
notification of Editorial Office, requests for revision and
Editor’s decision will be sent by e-mail.

Please submit your manuscript and all enclosures via:
http://www.srpskiarhiv.rs.

NOTE. The papers not complying with these instructions
will not be reviewed and will be returned to the authors
for revision. Observing the instructions for preparation
of papers for the Serbian Archives of Medicine will shorten
the time of the entire process of publication and will have
a positive effect on the quality and timely release of the
journal’s issues.

For further information, please contact us via the follow-
ing address:

ADDRESS:

Serbian Archives of Medicine
Editorial Office

Kraljice Natalije 1

11000 Belgrade

Serbia

Phones: (+381 11) 409-2776, 409-4479
E-mail: office@srpskiarhiv.rs

Website: www.srpskiarhiv.rs
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