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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 Vi 4IAHOBA IPYTUX APYIITaBa MEVUIMHCKIX ¥ CPOTHIX
crpyka. O6jasbyjy ce: yBOIHMIIM, OPUTVMHAIHYA PajIOBH, IIPETXO/{HA I KPATKa ca-
OINIITEHA, IIPUKa3y GO/IECHNKA U CTy4ajeBa, BUIeO-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

issue published in 1874. Serbian Archives of Medicine publishes articles of
the Serbian Medical Society members, subscribers, as well as members of other
associations of medical and related fields. The journal publishes the following
article types: editorials, original papers, preliminary and short communications,
case reports, video-articles, images in clinical medicine, review articles, current
topics, articles for practitioners, history of medicine articles, language of medi-
cine articles, medical ethics (clinical ethics, publication ethics) and regulatory
standards in medicine, congress and scientific meeting reports, personal view
articles, invited commentaries, letters to the editor, book reviews, professional
news, In memoriam and other articles.

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

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

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

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

Authors accept full responsibility for the accuracy of all content within the
manuscript. Material in the publication represents the opinions of the authors
and does not necessarily reflect opinions of the Serbian Medical Society. Because
of rapid advances in the medical sciences, users should independently evaluate
information before using or relying on it. Serbian Medical Society, the Editor
or Editorial Board of the Serbian Archives of Medicine do not accept any re-
sponsibility for the statements in the articles. Advertising material is expected
to conform to ethical (medical) and legal standards. Inclusion of advertising
material in this publication does not guarantee the quality or value of such
product or claims made by its manufacturer.

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

Introduction/Objective The objective of this study is to use scanning electron microscopy (SEM) to
analyze working surfaces of new manual and rotary endodontic instruments and to check possible
existence of manufacture dirt particles or defects on the working surface.

Methods In this study, we used three sets of new manual instruments: K-File, KF (Dentsply Maillefer,
Switzerland) and Hedstorm Files, HF (SybronEndo Co, USA) and three sets of mechanical Ni-Ti instru-
ments - type K3 (SybronEndo Co, USA) and BioRaCe (FKG DENTAIRE Swiss Dental Products, Switzerland).
The instruments were analyzed using SEM method at 170 x magnification while semi-quantitative en-
ergy dispersive x-ray analysis was used to determine chemical composition of dirt particles. Fisher test
(p < 0.05) was applied in statistical analysis.

Results Results showed that none of the instruments were defect-free. The most common defect type
was the presence of metal strips, which were noticed at the surface of all tested instruments. Debris was
present on all manual and only one type of mechanical instruments, K3 (39% in the apical and 33% in
the middle third). Fretting was noticed in all manual KF and all mechanical instruments of the K3 group.
Pitting was common in all manual instruments, KF (33% in the apical and 39% in the middle third) and
HF (11% in the apical and 6% in the middle third). Corrosion of the working surface, metal flash, and
disruption of the cutting edge were marked only in the KF group.

Conclusion Manufacture defects were noticed in all instruments and the most common type of irregular-
ity were metal strips. Electropolished surface of BioRaCe instruments showed no debris of organic origin.
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INTRODUCTION

Clinical endodontics implies the so-called “clean-
ing and shaping” concept, with cleaning the
complex endodontic space from vital, necrotic, or
infected pulp tissue, bacteria and their products
and shaping while preserving the original form
of the radix canal [1, 2, 3].

Chemomechanical root canal treatment is
usually performed with manual endodontic
instruments (made of stainless steel or Ni-Ti
alloy) or mechanical Ni-Ti rotary endodontic
instruments with adequate and abundant ir-
rigation of the canal system. The use of rotary
Ni-Ti files in endodontic practice reduces the
possibility of errors during instrumentation,
such as obstruction, steps, transportation, and
perforation of the canal wall [4].

Even though Ni-Ti rotary instruments are
more efficient when compared to manual in
almost every aspect (speed, simplicity, and
uniformity of instrumentation), their drawback
is the possibility of deformation and fracture
during instrumentation, most likely due to
inadequate use [5].

A fractured instrument is a serious threat to
treatment, irrigation, and filling of root canals
and it may significantly affect the outcome of
endodontic treatment [6]. Numerous studies
researched the factors which can influence
deformation and fracture of manual and me-
chanical endodontic instruments: Parashos et
al. [7], Di Fiore [8], Shen et al. [9], Kosti et al.
[10], Priyanka et al. [11], Gil et al. [12]. In 2018,
Boutsioukis and Lambrianidis [13] made an
outline of all these factors and grouped them
into four categories: operator-related factors,
anatomy-related factors, instrument-related
factors and technique/use-related factors.

It is confirmed that endodontic instruments,
due to their design and different manufacture
process, may significantly impact deformation
and fracture during root canal instrumentation
[10]. Most of new endodontic instruments are
non-sterile and can contain various metal de-
bris, dirt particles, and epithelial cells on their
surface. The process of production of stainless
steel files can lead to the presence of small metal
scraps that are more or less retained at the work
surfaces of the files [14].
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Stainless steel endodontic instruments are usually made
by twisting of various steel profiles by longitudinal axis,
thus forming blades from vertical wire edges [15]. Ni-Ti
rotary instruments are used in endodontic procedure due to
their good mechanical properties, biocompatibility, ductil-
ity, corrosion resistance, low elastic modulus, and special
characteristics such as super-elasticity and shape memory
effect [16]. Production of Ni-Ti mechanical endodontic
instruments is more complex when compared to the process
of steel instrument manufacture. Due to memory property
of the Ni-Ti alloy, the majority of instruments are manu-
factured by engraving on a milling machine rather than
by twisting [15]. Despite the fact that top-notch computer
technology is used to manufacture very complicated Ni-Ti
instruments (computer-aided design and computer-aided
manufacturing - CAD-CAM), surface defects including
fretting, cracks, pitting, and dirt are very common [15].
Irregularities at the instrument surface might increase its
vulnerability to fracture. Surface defects seem to be points
of tension and can cause initiation and spread of cracks,
thus potentially highly contributing to possible fractures
during instrument activation [13].

The aim of this study is to use a scanning electron
microscope (SEM) to analyze working surfaces of new
manual and mechanical endodontic instruments and to
check possible existence of manufacture impurities or
defects on the working surface.

METHODS

This research implied the use of three basic sets (each set
consisting of six instruments) of new manual stainless steel
instruments: K-File - KF (Dentsply Maillefer,
Ballaigues, Switzerland) and Hedstorm Files - HF

strips; score 8 — blunt cutting edge; score 9 — disruption
of cutting edge; score 10 — corrosion; score 11 — debris.
Qualitative analysis was performed, though obtained results
were not quantified. Semi-quantitative Energy Dispersive
X-Ray Analysis (EDXS) determined chemical composition
of the found dirt particles.

The study was approved by the Ethics Commission of the
School of Dental Medicine, University of Belgrade (36/6).

Statistical analysis of obtained results was performed
using the Fisher’s test (p < 0.05).

RESULTS

Obtained results are presented in Tables 1 and 2 and Figures
1-9.

The results showed that all tested instruments had some
kind of defect on their working surface. New manual and
mechanical instruments did not show any signs of micro
fractures, fractures, or blunt cutting edges (Tablel).

Metal strips were the most common defect type noticed
on the surface of all tested instruments (Figure 1).

In K3 rotary group of Ni-Ti instruments, the presence
of this contamination was 89% in the apical and 78% in the
middle third. In all other groups, this defect was present in
100% of the cases (Table 1, Figure 2). Fisher’s test statistical
analysis did not show any significant differences between
the tested instruments and their apical or middle thirds.

Analysis of SEM microphotographs determined the con-
tamination of the working surfaces of the tested instruments,
and subsequent EDXS defined the chemical composition
of the contamination (Figure 3, Table 2). Thus, we divided
instruments into two types — instruments contaminated

Table 1. Presence of defects and dirt on the working surface of the tested instruments

(SybronEndo Co, Orange, CA, USA) and three

KF HF K3 BioRaCe

basic sets (each set consisting of six instruments) Defects Apical | Middle | Apical | Middle | Apical | Middle | Apical | Middle
of machine endodontic instruments, type K3 third | third | third | third | third | third | third | third
(SybronEndo Co) and BioRaCe (FKG DENTAIRE Pitting 6 7 2 1 / / / /
Swiss Dental Products, La Chaux-de-Fonds, Fretting 18 18 / / 18 18 / /
Switzerland). SEM analysis (JEOL JSM-6610LV, Metal-flash 2 1 / / / / / /

Tokyo, Japan) was carried out at the SEM-EDS

Metal-strips 18 18 18 18 16 14 18 18

(energy dispersive X-ray spectroscopy) laboratory

Disruption of

s ; ; cutting edge ! / / / / / / /

of the Faculty of Mining and Geology, University 9edg
of Belgrade, without any prior preparation. Corrosion 2 3 / / ! ! / /
Debris 18 18 10 10 7 6 / /

Microphotographs are realized at 170 x mag-

nification, but in case of noticeable changes on
the instruments, for the purpose of more detailed
analysis, they are carried out at magnification of
up to 800 x. The apex and the middle third of
the instruments were analyzed from two differ-
ent directions and each side of instrument was
analyzed by three images.

Analysis of different irregularities and omis-
sions during manufacture process implied the

SEl 20kV

criteria proposed by Eggert etal. [17]: score 1 —no &<

visible defect; score 2 — pitting; score 3 - fretting;
score 4 — micro fractures; score 5 — complete
fracture; score 6 — metal flash; score 7 — metal

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):398-403

HF - Hedstorm files; KF - K-file

SEI  20kV
UB-RGF

Figure 1. (a) Scanning electron microscopy analysis of a K-File instrument work-
ing surface (middle third) with metal strips and fretting (magnification 170 x);
(b) detail from picture (a), metal strips on working surface of the K-File instrument
(magnification 800 x)
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Metal strips
100% 100% 100% 100% 100% 100%
89%
Apical third Middle Apical third Middle Apicalthird Middle Apical third Middle
third third third third
KF (new) KH (new) K3 (new) BioRace (new)

Figure 2. The presence of metal strips on the working surface of the tested in-
struments

Table 2. Chemical composition of impurities (spectrums 1 and 2) and clean K-3instrument

(spectrum 3); chemical analyses are given in wt.% and are normalized to 100 wt.%

Jovanovi¢-Medojevi¢ M. et al.

SEl  20kV
UB-RGF

x170

100  —

Figure 5. Scanning electron microscopy analysis of the
working surface of K3 instruments (apical third) with metal
strips, fretting, and debris (magnification 170 x)

with metal strips and instruments with
debris.

Spectrum| C | N| O |[Na|Mg|Al|Si|S |Cl|K |Ca| Ti |Fe| Ni |Total Debris was present in all manual in-
1 477] 0 |374(23| 1 /02|25]09(36(16|1.1| 06 1.1 | 100 struments: KF instruments (100% in the
2 499 0 |34.1(07|06|04|1.8(03|05|04|76| 2 1.7 | 100 |  apical and middle third) and HF instru-
3 0 0 0 olololololololol43 557 | 100 ments (56% in the apical and middle

third). This contamination type was

Spectrum 3

Spectrum 2

N 200um .

marked in only one type of mechanical
Ni-Ti instruments — K3 (39% in the
apical and 33% in the middle third),
while BioRaCe group did not show any
presence of debris. (Table 1, Figure 4).
While comparing debris in different
manual instruments (KF and HF), a
statistically significant difference was
noticed (p = 0.0029 in the apical and
p = 0.0029 in the middle third). Also,
among different mechanical Ni-Ti in-
struments (K3 and BioRaCE), there
was a statistically significant difference
in debris contamination; (p = 0.076 in
the apical and p = 0.0191 in the middle
third). Statistically significant difference
was also noticed when all manual (KF

Figure 3. Energy-dispersive X-ray spectroscopy analysis

Debris
100% 100%
Apical third Middle Apicalthird Middle Apical third Middle Apical third Middle
third third third third
KF (new) KH (new) K3 (new) BioRace (new)

Figure 4. The presence of debris on the working surface of the tested instruments

DOI: https://doi.org/10.2298/SARH190704018J

and KH) instruments were compared

to all mechanical rotary Ni-Ti (K3 and
BioRaCe) instruments: (p = 0.0001in the

apical and p = 0.0001 in the middle third).

Fretting caused by manufacture was noticed in

all manual instruments of the KF group and all
mechanical Ni-Ti instruments of the K3 group,
while manual HF and mechanical BioRaCe in-
struments did not show any signs of fretting
(Table 1, Figure 5). While comparing fretting
on different manual instruments (KF and HF),
a statistically significant difference was noticed
in the apical and the middle third (p = 0.0001 in
the apical and p = 0.0001 in the middle third). In
addition, among mechanical Ni-Ti instruments
(K3 and BioRaCE), there was a significant statisti-
cal difference in fretting on the working surface
(p = 0.0001 in apical and p = 0.0001 in middle
third). A statistically significant difference in

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):398-403
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Fretting

third third third

KF (new) KH (new) K3 (new)

BioRace (new)

Apicalthird Middle Apical third Middle Apicalthird Middle Apical third Middle SEl  20kV x170 100um  S—
third

UB-RGF

Figure 8. Scanning electron microscopy analysis of the
working surface of a Hedstorm file instrument (middle

Figure 6. The presence of fretting on the working surface of tested instruments

third) with pitting and debris (magnification 170 x)

Pitting

Apical Middle Apical Middle Apical Middle Apical
third third third third third third third

KF (new) KH (new) K3 (new)

BioRace (new)

Middle SEl  20kV
third US-ROE

Figure 9. Scanning electron microscopy analysis of

Figure 7. The presence of pitting on the working surface of the tested instruments

fretting was not marked when all manual instruments (KF
and HF) were compared to all mechanical rotary Ni-Ti (K3
and BioRaCe) instruments (Figure 6).

Pitting was marked in the apical and the middle third
of the manual instruments, KF (33% in the apical and 39%
in the middle third) and HF (11% in the apical and 6%
in the middle third), though none of the groups of Ni-Ti
instruments (Figure 4) showed any signs of pitting (Table
1, Figures 7 and 8). While comparing pitting in various
manual instruments (KF and HF), a statistically significant
difference was noticed in the apical third (p = 0.0051),
which was also marked in the middle third (p = 0.0045).
Among tested mechanical Ni-Ti instruments, there was
no statistically significant difference in pitting (K3 and
BioRaCE). Statistically significant difference in pitting was
noticed by mutual comparison of all manual (KF and HF)
and all mechanical rotary (K3 and BioRaCe) instruments
(p =0.0051 in the apical and p = 0.0051 in the middle third).

Corrosion of the working surface, metal flash, and
disruption of cutting edge were marked only in KF instru-
ments (corrosion — 11% in the apical and 17% in the middle
third; metal flash — 11% in the apical and 6% in the middle
third; disruption of cutting edge — 2% in the apical third)
(Table 1) In the second group of KH manual instruments
and in both groups of mechanical NI-Ti instruments (K3
and BioRaCe), corrosion, metal flash, and disruption of
the cutting edge were not detected (Figure 9).

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):398-403

theworking surface of a BioRaCe instrument (middle
third) with a small number of metal strips on the electro-
polished surface (magnification 170 x)

DISCUSSION

Above all, success of endodontic therapy depends on
proper instrumentation and biomechanical cleaning of
the root canal. Design of endodontic instruments, their
metallurgical characteristics and surface may complicate
endodontic treatment in case the instrument deforms or
fractures during use. It is proved that manufacture defects
might cause fracture of new instruments even during their
first clinical use [18].

Results of this study showed that all analyzed instru-
ments had at least one (or more) different defects prior to
any use. Defects found on new instruments only confirm
the difficulties in manufacture of specific endodontic in-
struments, and issues that may arise during their clinical
use. New processes of instruments’ manufacture that aim
at improving used materials, minimizing inherent defects
and increasing the resistance of instruments to deformation
and fracture very often remain undisclosed, usually due to
manufacturers’ originality and patents [19].

Fretting caused by manufacture process (due to milling),
was marked in almost all tested manual steel instruments.
Manufacture process of rotary Ni-Ti endodontic instruments
is much more complex than the process of stainless steel
instruments manufacture since they have to be mechanically
treated instead of just being twisted as steel instruments. As
a result, the problem is in this case even more significant.

www.srpskiarhiv.rs ‘
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Attempts to conventionally manufacture Ni-Ti instruments
by twisting the wire would probably result in their fracture;
therefore, shaping of these instruments is achieved by even
pressure from a series of rollers applied to the Ni-Ti wire,
thus defining its shape, conicity, form of blade edges, i.e.
design characteristics of such instruments. Difficulties
during manufacture of rotary endodontic instruments
and elimination of surface irregularities such as traces of
milling and metal flash (especially on blades) which might
compromise efficiency of instrument blade and potentially
cause problems related to corrosion or fracture [18].

Presence of metal strips, noticed in all the tested groups
with the score of 100% apart from group K3 (78% in the
middle and 89% in the apical third), confirms the complex-
ity of endodontic instrument manufacture.

Pitting on the working surface of an instrument was
noticed only in case of manual steel instruments (KE, HF),
and it could be explained by the specific technological
process of manufacture, as is the case with the presence of
metal flash and defects on the cutting edge in the KF group.

Manufacturers are constantly in search of metallurgical
modifications of the Ni-Ti alloy, trying to find a perfect
solution that would increase the performance in terms of
super-elasticity and memory properties of the alloy [20].
During the manufacturing process, problems might occur
due to the quality of the Ni-Ti alloy since particles of oxide
might stay incorporated in the alloy during the manufac-
turing process. Instrumentation and stress propagation
might impact these points and make nucleation spots for
the development of micro-fractures and possible instru-
ment defects [21].

Composition of the Ni-Tj alloy used for the construction
of endodontic instruments is 56% (weight) of nickel and 44%
(weight) of titanium, thus achieving their equiatomic rela-
tion. Despite the fact that only one manufacturer (Dentsply
Maillefer Instruments) has revealed the complete composi-
tion and detailed technological process of rotary instruments
manufacture, it is assumed to be the only relation between
the elements that gives alloy its super-elastic characteris-
tic. Variation of the Ni-Ti alloy composition enables the
manufacture of instruments with different properties: either
super-elastic alloy or better memory property. Increasing
the percentage of nickel or replacing the elements in traces
(e.g. cobalt) results in decreased temperature of transfor-
mation. Increase in annealing temperature increases the
transformation temperature as well [18].

Results of this study showed the presence of debris in all
instruments apart from the BioRaCe group of instruments.
This is explained by the existence of electrochemically treated
working surface of BioRaCe instruments, thus achieving
better cutting edge efficacy and resistance to wear and tear.
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Electrochemical polishing decreases irregularities at the
surface of instruments, thus decreasing the accumulation
of organic debris [22, 23].

In order to decrease surface defects and improve resistance
of endodontic instruments, various methods are applied:
alloy implantation process by argon, boron, or nitrogen ions,
thermal nitridation (coating of instruments with a layer of
titanium nitride), plasma immersion, deep dry cryogenic
treatment and electro polishing [20, 22-25]. Many research-
ers were focused on increasing efficiency and flexibility
and decreasing resistance to cyclic fatigue. As a result, they
suggest additional thermo-mechanical treatment of the raw
Ni-Ti alloy or even finished instruments [25, 26, 27]. The
process of vapor accumulation enables treatment of Ni-Ti
instruments with a layer of titanium nitride, thus achieving
better cutting-edge efficiency and resistance to corrosion
[27]. Memory-shape alloys based on the equiatomic Ni-Ti
composition have great importance in the development of
modern endodontic rotary instruments [16]. It is neces-
sary and very important to be familiar with metallurgical
characteristics of the Ni-Ti alloy in order to use their clinical
potential in the best possible way and minimize frustration
and fear that many dentists have that such instruments could
fracture during root canal treatment [28, 29].

CONCLUSION

Based on the results of this research, it is concluded that
all tested instruments showed manufacture defects (one
or more), and that the most common defect type was the
presence of metal strips on working surfaces of instru-
ments. Due to the presence of debris on working surfaces
of instruments, it is necessary to sterilize the instruments
before initial use. Electropolished surfaces of BioRaCe
instruments showed no presence of organic debris. These
facts could be a warning sign to all practitioners — before
initial use, the working surface of instruments should be
well analyzed in order to avoid possible complications
during endodontic treatment.
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AHanu3a noBpLUMHE PAAHOT AeNa HOBUX PYYHUX U MALUMHCKUX EHAO0A0HTCKUX
MHCTpyMeHaTa (cKeHupajyha enekTpoHCKa MUKpoOCKonuja)

Munuua JoaHosuh-Megojesuh', MaptuHa Menemuniw?, JeneHa Hewkosuh', MapujaHa Monoswuh-bajuh'’, Hophe Crpatumnposuh?,

CnaBosby6 KnekoBUh!

'YHuBep3utet y beorpagy, Cromatonoluku dakyntet, KnuHnka 3a 6onect 3yba n engopoHuujy, beorpag, Cpbuja;

*TMpuBaTHa cTOMaToNOLWKa opAvHaLvja,AneHT”, beorpag, Cpbuja;

*Yuusepautet y beorpaay, Cromatonolku Gakyntet, IHcTUTyTCkn npeameTy, beorpap, Cpbuja

CAXETAK

YBoa/Lusb Linsb oBor paaa je 610 fa ce NpMMeHOM CKeHu-
pajyhe enektpoHcke mukpockonuje (CEM) aHanu3upajy nosp-
LUHE HOBUX PYYHUX Y MALLMHCKMX eHAO[OHTCKIX MHCTPYMeHa-
Ta 1 NPOBEePW eBEHTYasTHO MOCTOjakbe NPOM3BOAHUX Heunctoha
uny gedekata Ha pagHOM Jeny.

MeTtoge Y uctpaxmBarby cy KopuwheHa no Tpu ceta HOBUX
py4YHUX MHCTPyMeHaTa: K-File, KF (Dentsply Maillefer, Lsajuap-
cKa) n Hedstorm Files, HF (SybronEndo Co, CA[l) 1 no Tpu ceTa
MawmHckux Ni-Ti uHcTpymeHata, Tuna K3 (SybronEndo Co) un
BioRaCe (FKG DENTAIRE Swiss Dental Products, LLBajuapcka). Vn-
CTpyMeHTV cy noaBprHyT CEM aHanu3m ca yBehamwem 170X, a
CeMUKBAHTUTATBHOM, EDXS aHann3om yTBphBaH je xemujcku
cactaB Heunctohe. CTaTucTiyKa aHanw3a je ypaheHa npymeHom
Quweposor TecTa (p < 0,05).

PesynrtaTtm Pe3yntaTti cy nokasanu Aa He NOCTOjU HWjeAaH WH-
CTPYMeHT 6e3 gedekTa. Hajyyectanmju Tun gedekra je 6uno
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MPUCYCTBO METANIHNX OMWIbaKa, KOjy Cy YOUEHM Ha MOBPLUMHM
CBUX UCNUTVMBAHUX NHCTPYMeHaTa. [lebpu je youeH Ha cBUM
PYYHVM 11 CAMO Ha jeIHOM TUMYy MalIUHCKUX UHCTPyMeHaTa, K3
(39% Ha anvkanHoj 1 33% Ha cpeaH0j TpehuHy). Xnebosu cy
YOUEH Ha CBUM PYUHUM KF 1 CBUM MaLLMHCKAM UHCTPYMEHTU-
Ma rpyne K3. MpucycTBo yny6sberba 3a6eneXeHo je Kof pyuHuX
UHcTpymeHara, KF (33% anukanHa 1 39% cpegtba TpehunHa) n
HF (11% anukanHa n 6% cpeprba TpehrHa). Koposuja pagHe
MOBPLUMHE, MOjaBa yriayaHe NoBpLIMHE U MPEKNS CEYMBHE
nBMLe Cy youeHu camo y rpynu KF.

3aKrbyyak Ha cBUM NCMUTMBAHUM UHCTPYMEHTMMA CY YOUEeH
npou3BoAHY fedeKTu, a HajyuecTanujy Tn HeMPaBUIHOCTY Cy
MeTasHU onusbLn. Ha enekTpononvpaHoj noBpLUHY MHCTPY-
MeHata BioRaCe Huje youeHO NpuUcycTBO opraHcKor aebpuja.

KrbyuHe peun: uennunu pyyuHu uHctpymeHTu, Ni-Ti potupajyhin
nHcTpymeHTy, Aedextn, CEM, nebpun
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SUMMARY

Introduction/Objective After an orthodontic brackets debonding procedure it is necessary to remove
any residual adhesive from the tooth surface, as this is a common cause of enamel damage. The aim of
this study is to evaluate the enamel surface after the application of six different methods of adhesive
removal following brackets debonding, as well as to compare the duration of these procedures.
Methods For the purpose of this study, 245 human premolars were extracted as part of the orthodontic
treatment. Metal brackets were bonded to 210 human premolars with the Aspire adhesive system. After
the debonding of brackets, the samples were divided into six groups according to the adhesive removal
method applied: tapered fissure tungsten carbide bur, round tungsten carbide bur, composite bur, abra-
sive disc, adhesive removing pliers, and ultrasonic scaler. Out of 245 premolars, 35 served as a control
group. The duration of adhesive removal was recorded. Enamel damages were estimated according to
the enamel surface index on the scanning electron microscopy images.

Results Maximum preservation of the enamel surface was accomplished by using a composite bur (1.08).
The application of abrasive disc was significantly less time-consuming in comparison to the application
of a composite bur (p < 0.01) and an ultrasonic scaler (p < 0.01).

Conclusion The most harmful for the enamel surface was the use of an ultrasonic scaler as well as a round
tungsten carbide bur. Adhesive removal done by an abrasive disc thus proved one of the least damaging
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and the least time-consuming methods.

Keywords: adhesive removal; enamel damage; enamel surface index

INTRODUCTION

The main goal of orthodontic treatment in
general is to achieve stability of occlusion and
to improve dentofacial aesthetics. The primary
concern is to ensure that no permanent damage
on the tooth enamel surface has occurred after
the completion of multibracket appliance treat-
ment. The optimal method of brackets debond-
ing depends on the type of brackets used in
a therapy [1]. Following this procedure, it is
necessary to remove any remaining resin from
the teeth, which can often cause enamel surface
irregularities. The amount of enamel loss may
be determined by clinicians’ manual abilities
and instruments used in clean-up procedures
[2, 3]. Resin remnants on the tooth surface
could cause enamel discoloration and dental
plaque accumulation. Some studies show that
the type of adhesive systems and resin removal
procedures are responsible even for tooth color
changes [4]. Previous studies refer to a variety
of instruments that can be used for adhesive
removal after brackets debonding. Rotary in-
struments (diamond, carbide burs, and abrasive
discs), hand instruments (pliers and scalers),

and ultrasonic scalers are among the most
widely used [5-10]. An optimal procedure for
adhesive removal that leaves no damage to the
enamel surface has not been accepted yet [5].
Recently, in some studies, lasers and sandblast-
ing have been considered as alternative meth-
ods for removing the remaining adhesive [11,
12]. Several studies conclude that carbide burs
cause less damage to the enamel if compared to
fine diamond burs, while still causing greater
damage than the composite burs [13, 14]. The
visual assessment of the enamel surface is of-
ten performed to evaluate and define a type of
damage occurred during the adhesive removal
procedures [15-18].

Multi-step systems, including fine and su-
perfine tungsten carbide burs or abrasive disks,
are commonly applied as part of the adhesive
removal procedures followed by different types
of polishers for smoothing the enamel surface
[19]. These procedures leave no scratches on
the enamel surface, even if they have been
caused by tungsten carbide burs or abrasive
discs. The previous studies focused mostly on
different methods for adhesive removal, includ-
ing the polishers.
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The purpose of the in vitro study was to
examine the enamel surface, after the appli-
cation of six different methods for adhesive
removal following brackets debonding pro-
cedure, as well as to compare their effects
on enamel surface topography and the time
required for adhesive removal.

METHODS

This study has been approved by the local
Institutional Review Board (protocol num-
ber 01-2127-10/15). A total of 245 human
premolars were extracted for the purpose
of orthodontic treatment and consequently
appropriately prepared and stored in 0.9%
NaCl containing 0.1% thymol according
to ISO TS 11405:2015, for no longer than
three months [20]. All the teeth specimens
were examined with a 10 x magnifying lens
(Olympus, SZX 9, Tokyo, Japan) in order
to assess whether the collected samples ful-
filled the major criteria: an intact oral and
buccal surface without visible damages,
carious lesions and chemical exposures. Out
of the 245 specimens being surveyed, 35
served as an untreated control group [21].
Subsequently, the middle third of the buc-
cal surfaces of 210 premolars was etched for
20 seconds with 38% phosphoric acid (OC
Orthodontics, McMinnville, OR, USA).
After they had been rinsed with water for
30 seconds and air dried to frosty-white ap-
pearance, the buccal surfaces of the teeth
were treated with the Aspire primer 7GM
(OC Orthodontics) and light-cured for 10
seconds with a LED curing unit (Woodpecker, Guilin,
China). Mesh pads of metal brackets Ortho Organizer Elite
OptiMIM (Henry Schein® Orthodontics, Carlsbad, CA,
USA) were removed by a dull round end tapered multi-
fluted tungsten carbide bur at high speed to determine the
mode of bond failure at the bracket base-adhesive inter-
face, allowing the complete amount of resin to be left on
the enamel surface of all 210 teeth [22]. A small amount of
Aspire resin 5GM (OC Orthodontics) was put on the bases
of metal brackets. The brackets were then pressed firmly
onto the prepared enamel surface to extrude the excess of
composite material around them, which was removed with
a tip of the probe. A light curing procedure was performed
for 40 seconds according to the manufacturer’s instructions
[21]. All the samples were left in the artificial saliva for 48
hours, allowing complete polymerization of the adhesive
as reported in similar studies [3, 22]. The brackets were
debonded using debonding Ixion pliers (DB Orthodontics,
Silsden, UK). Furthermore, the teeth samples were divided
into six groups (35 teeth in each group), depending on the
method used for remaining adhesive removal: Group A - a
12-fluted round end tapered fissure tungsten carbide bur
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Figure 1. Methods for adhesive removal: a - tapered fissure tungsten carbide bur with
a round end; b - round tungsten carbide bur; c - composite bur; d - abrasive discs;
e — adhesive removing pliers; f — ultrasonic scaler

Figure 2. Scaning electron microscope images of enamel surface after residual adhe-
sive removal with a 12-fluted tapered fissure tungsten carbide bur with a round end:
a - 15 x magnification; b - 100 x magnification; ¢ - 500 x magnification; d — 1,500 x
magnification

(DB Orthodontics) at 32,000 rpm, Group B - a 12-fluted
round tungsten carbide bur (H1SE 204031, Komet Dental,
Lemgo, Germany) at 8,000 rpm, Group C - a compos-
ite bur (Stainbuster Jumbo, DB Orthodontics) at 40,000
rpm, Group D - an abrasive disc (sand medium abrasive
disc, E.C. Moore Co., Dearborn, MI, USA) at 16,000 rpm,
Group E - adhesive removing pliers (DB Orthodontics),
Group F - an ultrasonic scaler (Sirosonic L scaler, Sirona
Dental Systems, Long Island city, NY, USA) (Figure 1). All
bonding, debonding and clean-up procedures were carried
out by the same operator to eliminate differences among
operator’s techniques [23]. Adhesive removal from the
enamel surface after every third teeth in the study was per-
formed with a new bur for rotary instruments in Groups
A, B, C, and D, respectively [22]. The adhesive removal
procedure duration was measured in seconds. Residual
adhesive removal was fully verified under a dental chair
operating light by the operator. The sample was prepared
for scanning electron microscopy (JSM 6460 LV, JEOL
Ltd., Tokyo, Japan), including a control group. For each
specimen, four images were obtained (15 x, 100 x, 500 x,
1,500 x magnification) (Figure 2). The evaluation of
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enamel surface was performed by SEM, the enamel sur-
face index (ESI) system being used in the process. ESI was
introduced by Zachrison and Arthun, and estimated as in
the following [16]:

Score 0 - Regular enamel surface without scratches;
Visible intact perikymata;

Score 1 - Satisfactory enamel surface; Minor scratches
and some healthy enamel;

Score 2 — Acceptable enamel surface, several deep
scratches; Absent perikymata;

Score 3 - Defective enamel surface with several deep
and course scratches and no perikymata;

Score 4 — Unacceptable enamel surface with very coarse,
deep scratches, healthy enamel absent [16, 17].

It is fundamental to note that ESI evaluation was per-
formed by an examiner who had no previous knowledge of
the specific group the specimens belonged to, after one and
after two weeks for each specimen. In a case of any discrep-
ancy, the third assessment determined the final score [17].

Statistical analysis

The statistical package IBM SPSS Statistics for Windows,
Version 20.0. (IBM Corp. Armonk, NY, USA) and Microsoft
Excel 2010 (Windows, Redmond, WA, USA) were used for
data analysis. Descriptive results of ESI scores were cal-
culated and expressed as frequencies, percentages, mean
values, and standard deviations. The significant differences
of the mean values of ESI scores and the duration of all six
methods were determined by ANOVA with the F-value and
the Fisher’s test as well as by Tukey’s post hoc test.

Arbutina A.et al.

The lowest average value of ESI scores (1.08) was de-
termined in Group C (composite bur), while the highest
average value of ESI scores was determined in Group F
(ultrasonic scaler, 2.42). The one-way ANOVA test showed
statistically significant differences among the ESI scores of
all six methods (F (5.204) = 24.53, p < 0.01) (Table 1). A
post-hoc analysis (Tukey’s post-hoc test) established dif-
ferent levels of statistically significant differences of ESI
scores within the groups (Table 2). The mean values of
ESI scores in Groups C (composite bur) and D (abrasive
disc) showed a statistically significant difference compared
to Groups B (round tungsten carbide bur), E (adhesive
removing pliers), and F (ultrasonic scaler).

However, the most time-consuming method for adhe-
sive removal was the application of the composite bur. It
is significant to note that using the abrasive disc in the
adhesive removal procedure was proved the least time-
consuming method (Table 3 and 4).

DISCUSSION

From the results, it is clear that adhesive removal after
brackets debonding has a great influence on enamel surface
topography [24, 25]. Therefore, clinicians should apply an
appropriate adhesive removal procedure, accepting the fact
that minor damage to the enamel is inevitable.

Methods used in the process of adhesive removal co-
incide with the required protocol used in similar stud-
ies [26, 27]. The visual assessment of enamel surface

Table 1. Distribution of enamel surface index (ESI) scores for six different
adhesive removal methods

RESULTS Method for ESI score Mean + ANOVA
adhesive Standard

The results for ESI scores are shown in Table 1. For | removal 0 112]3 |4 peviation |df*|Ftest| p
Groups A (tapered fissure tungsten carbide bur), C Fissure TCB* ol22113/0l 0] 137+049
(composite bur) and D (abrasive disc), the ESI score Round TCB* olol10l24] 1] 194+093
1 was predominant. The highest incidence of ESI | Compositebur | 0 |32 3 |0 | 0| 1.08+0.28
score 2 was observed in Groups E (adhesive remov- | Abrasive disc 0(29/6|0|0]117+038 | 5 |24.53|0.001
ing pliers) and F (ultrasonic scaler). The ESI score 3 Pliers 0|71]26|1|1]|188+0.58
was the most frequent in Group B (round tungsten | Ultrasonicscaler| 0 | 4 | 15| 13| 3 | 2.42+0.81
carbide bur) and the ESI score 0 was found only in Controlgroup |35/ 00|00
35 premolars that served as a control group. *Tungsten carbide bur; **degrees of freedom
Table 2. Post-hoc analysis of significant differences in mean values of enamel surface index (ESI) scores for all six methods

. BT e . . . Adhesive Ultrasonic
Method for adhesive removal (J) tun_gsten tun.gsten Composite bur | Abrasive disc removing pliers scaler

carbide bur carbide bur

Method for adhesive removal (1) | M (I-J) p M (1-)) p M (1-)) p M (1-)) p M (1-)) p M (1-)) p
Fissure tungsten carbide bur . . -0.57* | 0.002 | 0.28 | 0.399 0.2 0.764 | -0.51* | 0.009 | -1.05* | 0.001
Round tungsten carbide bur 0.57* | 0.002 . . 0.85* | 0.001 0.77* | 0.001 0.05 0.999 | -0.48**| 0.017
Composite bur -0.28 | 0.399 | -0.85* | 0.001 -0.08 | 0.993 | -0.80* | 0.001 | -1.34* | 0.001
Abrasive disc -0.2 0.764 | -0.77* | 0.001 0.08 0.993 -0.71* | 0.001 | -1.24* | 0.001
Adhesive removing pliers 0.51* | 0.009 -0.1 0.999 | 0.80* | 0.001 0.71* | 0.001 . . -0.54* | 0.005
Ultrasonic scaler 1.05* | 0.001 | 0.48** | 0.017 | 1.34* | 0.001 1.25*% | 0.001 0.54* | 0.005

*significant at p < 0.01;
**significant at p < 0.05
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Table 3. Descriptive statistics for the duration of adhesive removal procedures in
seconds with the results of ANOVA with F value and Fisher test

*degrees of freedom

scaler and round tungsten carbide bur), the
other methods caused only minimal surface

Adhesive removal method N | r,\\/iarg gzs)iaition df* |Ftest| p irregularities (composite bur, abrasive disc).
Fissure tungsten carbide bur 35 29.17 +6.78 An abra.swe disc Was less damaglng to t.he
Round tungsten carbide bur | 35 2551 £ 6.2 enamel in comparison to a tungsten carbide
Composite bur 35 3093 +_ 6.33 bur, which is in accordance with the results
Abrasive disc 35 17620 4.13 10.001 obtained by Khatria et al. [30].

Adhesive removing pliers 35 2431+1049 One of the concerns in orthodontic prac-
Ultrasonic scaler 35 29.94 +10.99 tice is also enamel loss during pumice pro-

phylaxis, etching, debonding, and adhesive
removal procedures. Even though this study

Table 4. Post hoc analysis of significant differences in mean values of adhesive removal times for all six methods

] . AT Round tungsten . T Adhes'ive .

Time for adhesive removal (J) tungsten . Composite bur Abrasive disc removing Ultrasonic scaler
carbide bur EIEE; pliers

Time for adhesive removal (1) M p M p M p M p M p M p
(1-)) (1)) (1-)) (1-)) (1-)) (1-))

Fissure tungsten carbide bur . . 3.65 | 0912 -1.76 0.997 | 12.17* | 0.011 485 |0.757 | -0.77 1

Round tungsten carbide bur -3.65 | 091 . . -5.41 0.662 8.51 0.174 1.2 0999 | -4.42 0.822

Composite bur 1.76 1 5.41 0.662 . . 13.93** | 0.002 6.61 0.444 0.98 1

Abrasive disc -12.17* | 0.01 -8.51 0.174 | -13.93** | 0.002 . . -7.31 | 0.328 | -12.94** | 0.005

Adhesive removing pliers -4.85 | 0.76 -1.2 0.999 -6.61 0.444 7.31 0.328 . . -5.62 0.624

Ultrasonic scaler 0.77 1 442 0.822 -0.98 1 12.94** | 0.005 5.62 |0.624

*significant at p < 0.01;
**significant at p < 0.05

was performed by using ESI on SEM images, under four
different magnifications for each specimen. Significant
differences were found among different tested methods.
The tapered fissure tungsten carbide bur, abrasive disc and
composite bur caused less damage to the enamel in com-
parison to other three methods applied during the course
of the study.

The operator’s control and proficiency in the use of the
instruments for adhesive removal is another important
factor to be considered in enamel surface evaluation [6, 8,
27,28].1In the present study, two types of tungsten carbide
burs have been applied: a 12-fluted round end tapered fis-
sure tungsten carbide bur and a 12-fluted round tungsten
carbide bur with reduced vibrations. As it had been as-
sumed based on the study by Palmer et al. [22], the visual
assessment confirmed more enamel damage caused by a
round bur. However, using the SEM image evaluation in
their study, Pignatta et al. [9] concluded that a tungsten
carbide bur caused several scratches on the enamel surface,
which were not observable after polishing.

Nevertheless, the results demonstrated only small ir-
regularities on the enamel surface after removing adhesive
remnants with a composite bur. This result is in line with
those obtained by Karan et al. [13] and Erdur et al. [29]
who reported that a composite bur provided a smoother
enamel surface in comparison to a tungsten carbide bur,.
They emphasized that a composite bur decreased enamel
surface roughness. Similarly, Cardoso et al. [27] reported
that a composite bur and a Sof-Lex disc restored the enamel
closely to its pre-treatment condition. The results obtained
by the present study were based on the visual assessment
allowing a comparison of all six methods. While some of
the methods caused visible enamel damage (ultrasound
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is based only on the visual evaluation of SEM images, our
results partly agree with the results reported by Hosein et
al. [10] who used a quantitative method for enamel loss
assessment. They concluded that significant enamel loss
was caused by the use of a high-speed tungsten carbide
bur and an ultrasonic scaler, while the use of a low-speed
tungsten carbide bur and adhesive removing pliers caused
only minor enamel loss.

Operating time for each method was measured in sec-
onds. The duration of adhesive removal procedures can be
influenced by different factors, including a method used
for adhesive removal, a type and amount of residual adhe-
sive and individual manual abilities of orthodontists [24].
The time required for residual adhesive removal with the
composite bur, ultrasonic scaler, and adhesive-removing
pliers was longer than time required for the application
of other three methods (Table 3). Similarly, Karan et al.
[13] and Erdur et al. [29] reported that the application of
composite bur for adhesive removal required more time
than the application of tungsten carbide bur. However,
Eminkahyagil et al. [28] concluded that a high-speed
tungsten carbide bur was the quickest method for adhesive
removal in comparison to a low-speed tungsten carbide
bur, a microetcher, and a Sof-Lex disc.

Although some methods were the most preserving to
the enamel surface, they were also the most time-consum-
ing. In clinical conditions, the use of polishing systems cre-
ates an aesthetically pleasant enamel surface after different
adhesive removal methods. These systems also extend the
duration of adhesive removal. Polishing systems were not
applied in this study in order to achieve a clear and precise
visual assessment of enamel surface after the use of all six
methods. In addition, the efficacy of methods and their
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influence on temperature changes of the pulp area and
enamel loss should be considered in further studies in or-
der to determine an optimal protocol for adhesive removal.

CONCLUSIONS

Significant enamel damage is found after the application
of all six methods examined for adhesive removal follow-
ing bracket debonding. Enamel surface examination con-
firms that minor enamel damage occurs after the use of a
composite bur, followed by an abrasive disc and a tapered
fissure tungsten carbide bur with a round end. The greatest
damage to the enamel is determined after the application of
an ultrasonic scaler followed by a round tungsten carbide
bur and adhesive removing pliers.
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Ucnutusarbe nosplumnHe rehu nocse ykaatarwa 6pasuua u agxesnsa nomohy wecr

pPasnn4YnTUX metoaa

AnpviaHa Ap6yTuHa', MapujaHa Apanosuh-Casuh', MupjaHa Ymuhesuh-[asugosuh', MipeHa Kysmanosuh-Pagman?,

Henap HeperbkoBuh?, bpanucnas Muwinh?

'YHuBep3uTeT y barboj llyun, Meguumtckmn gaxyntet, Kateapa 3a optoneaujy Bunuua, bara Jlyka, Penybnunka Cpncka, bocHa 1 XepLerosuHa;
2YHneepauTeT y barboj Nlyuu, MegnumHckm dpakyntet, Katepa 3a 6onectn 3y6a, batba Jlyka, Peny6nuka Cpncka, bocHa 1 XepuerosuHa;
3YHueep3uTet y beorpaay, Cromatonowwku dakyntert, Kategpa 3a optoneaujy sunuua, beorpag, Cpbuja

CAMETAK

YBog/Uusb MNocne yknararba OPTOAOHTCKIX OpaBuLa Heor-
XOAHO je YKNOHWUTMN OCTaTaK afixe31Ba ca MoBpLUMHe 3y6a, WTo
yecTo y3pokyje owTehere rnehu.

Linb oBor papa je 6mo ncnutatyi noBpLvHy rnehu nocne npu-
MeHe LLeCT pasnnunUTUX METOAA 3a yKamatbe agxesrsa nocne
yKnarbara bpaBuLia Te ynopeauTtyi Tpajarbe OBUX NpoLieaypa.
Mertopa Y 0BOM UCTPaXKBatby NPUKYM/EHO je 245 fbyACKuxX npe-
Monapa, eKCTPaxoBaHNX y OPTOAOHTCKe cBpxe. MeTanHe 6pasui-
Lie Cy nocTaB/beHe Ha 210 sbyacKuX npemosiapa NpUMeHOM afxe-
31BHor crcTema Aspire. lMocne oanensbuBama 6pasuLa y3opakx je
nofesbeH Ha LIeCT rpyna npema MeToAu Koja ce NpumemBasa
3a YK/akbakbe afxe3nBa: GrCypHO TYHFCTEH-KapbuaHO CBPAO,
OKPYIJI0 TYHIrCTeH-KapOyaHO CBPAJI0, KOMMO3WUTHO CBPAIO, ab-
pa3nBHU JUCK, KNELLTa 3a YKatbatbe aaxe3nBa 1 yNTpas3sByyHu
nHCcTpymeHT. O yKynHo 245 npemonapa, 35 npemonapa je un-
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HWI0 KOHTPOJTHY rpyny. Bpeme yknarbar-a agxesuBa je MepeHo
3a cBaKy of Metopa. OwTehete rnehu je npouermeHo npema
VHAeKCy noBplunHe rnefy Ha mukporpadujama gobujeHrm
CKeHVpajyRom eneKTPOHCKOM MUKPOCKOMUjOM.

Pesyntat Komno3nTHO CBPANO je 4OBENO [0 HajMmarber
owrTehera rnehu (1,08). MpumeHa abpa3uBHOr gucka je 'y
Kpahem nepvioay foBena Ao NoTnyHOr yKnamarba agxesrBa y
OfHOCY Ha KOMMO3UTHO cBPANO (p < 0,01) 1 ynTpasByYHU WH-
CTpyMmeHT (p < 0,01).

3akibyuak Hajsehe owtehere nospLunHe rmehu je youeHo no-
/e NprIMeHe YNTpas3ByYHOr UHCTPYMEHTA U OKPYFIIOT TYHICTEH-
KapbuaHor cBpasia. YKnamatbe agxesvsa nomohy abpasvnsHor
JMCKa ce MoKa3aso Kao MeTofa Koja Hajopie yKknarba npeo-
CTanu apxesms ca 3y6a, a ja Npu Tome Hajmatbe owwTehyje rneh.
KrbyuHe peun: yknatbatbe agxesuBa; owteherba rehu; uHgexc
noBpLUVHe rnehn
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Retention force of overdenture retained with
telescopic crowns — a comparison of polyether ether
ketone and zirconia ceramic telescopic crowns
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2University of Belgrade, School of Dental Medicine, Clinic for Periodontal Medicine, Belgrade, Serbia;
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SUMMARY

Introduction/Objective Recently, new materials for double crowns have been introduced, such as zirconia
and polyether ether ketone (PEEK). However, some characteristics of these materials, such as retentive
force and duration of “settling in phase,” have not been investigated sufficiently. During the “settling in
phase,” telescopic overdenture has not yet achieved its definitive retention force, and it can be harmful
for periodontal tissue if the value is above optimal for a long period of time.

The objective was to measure the in vitro overall pull-off force of telescopic crowns where primary crowns
were made from zirconia ceramics and a survey of the “settling in phase” duration.

Methods Forty zirconia primary telescopic crowns were produced on prepared canine teeth. Twenty
secondary crowns were of PEEK and other 20 of zirconia with electroplated gold copings. The pull-off
force measurements were conducted utilizing a dynamometer until a constant value was obtained.
Results The specimens of the PEEK group showed higher initial retentive force values. Settling in phase
was finished between 800 and 900 cycles of separation for both groups. Comparing the value of the
pull-off force between individual different cycles, a statistically significant reduction was recorded up to
the 800th cycle, while between the 800th and the 900th cycle there was no difference.

Conclusions The settling in phase was finished between 800 and 900 cycles of separation in both groups.
Final retentive force values for both tested telescopic groups were in the optimal range which is 5-9 N
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per one telescopic crown.

Keywords: telescopic crowns; PEEK; zirconia ceramics; retentive force; CAD-CAM

INTRODUCTION

Although dental implants’ placement has be-
come a standard procedure in prosthetic reha-
bilitation, there are still some situations where
conventional overdentures retained with dou-
ble crowns are the best solutions especially in
elderly patients, having in mind some diseases
such as osteoporosis, their economic situation
and number, and the position of leftover teeth
[1, 2]. They are indicated in cases where there
are few leftover teeth (2-4) with good biologi-
cal value, preferably distributed on both sides
of the dental arch [3]. Double crowns consist of
two main parts: a primary or male part perma-
nently fixed to an abutment tooth or implant,
and a congruent secondary or female part, rig-
idly connected to a removable partial denture.
A cylindrical structure known as a telescopic
crown is often used for double crowns and is
characterized by equivalent gingival and oc-
clusal circumference; therefore, no taper is
employed [4]. Double crown systems offer
more advantages than other types of attach-
ments such as cross-arch stabilization of the
abutment teeth, axial loading of the teeth, good

retention, longevity, and are therefore suitable
for elderly people, giving them oral comfort
and self-confidence [5, 6]. Commonly, double
crowns are made of metal alloys, precious and
non-precious, making a homogenous or het-
erogeneous friction pair. During decades of use,
gold alloys have proved to be the best solution
in terms of creating clinically acceptable val-
ues of retention force, longevity, and biocom-
patibility [2, 4]. However, despite these many
advantages of double crowns, they have been
repressed from use mainly due to high prices of
the gold alloy. Consequently, dental technicians
have less experience in double crown produc-
tion and avoid doing them.

Double crowns have undergone changes
recently, in terms of the material selection,
manufacturing technique, and design concepts,
mainly in order to increase the level of preci-
sion through digitalization and consequently
their performance. Modern systems of double
crowns are based on zirconia ceramics (ZrO,)
and polyether ether ketone (PEEK). Ceramic
materials combined with electroplated gold
provide numerous advantages such as small
plaque susceptibility, absence of marginal



Retention force of telescopic crowns

gingiva discoloration and important esthetic qualities
[7]. Another material utilizing computer-aided design and
computer-aided manufacturing (CAD/CAM) technique
for manufacturing double crowns, PEEK, provides many
advantages. It is a low-priced material, compared to gold
alloys, it is light weight and easy to work with compared
to non-precious metal alloys, titanium, and ceramics. Its
insolubility distinguishes it as an excellent material for pa-
tients with allergies [8].

Precision made telescopic crowns achieve reliable and
long-lasting retention, usually by friction of touching sur-
faces. However, during the telescopic retained overdenture
initial period of use, the retentive force value is variable.
The retentive force is at its highest immediately after the
denture construction and progressively decreases until
the end of the “settling in phase,” i.e. until the retention
force value becomes well established [3]. Throughout the
settling-in phase, wear of the material occurs, thus only
after a certain period of wear do telescopic crowns achieve
their final geometric form.

The aim of the study was to measure the in-vitro overall
retention force of telescopic crowns where primary crowns
were fabricated from zirconia ceramics with PEEK sec-
ondary crowns, and those where primary crowns were
fabricated from zirconia ceramics and gold electroplated
secondary crowns were made with zirconia ceramics. Also,
the intention was to evaluate the number of cycles after
which the retentive force becomes steady for all mentioned
telescopic crowns under simulated clinical conditions. We
hypothesized that different materials of secondary crowns
have an impact on: (i) the initial retentive force value and
(ii) the duration of initial retentive force value reduction.

METHODS
Specimen preparation

Macxillary canine typodont resin model (KaVo Dental
GmbH, Biberach an der Riss, Germany) was prepared for
conventional telescopic crowns. Height of the prepared
canine was 5 mm with 2 mm occlusal reduction, with a
1-mm-thick 360°rounded shoulder margin. Afterwards,
impressions of the resin model including the prepared
tooth were obtained utilizing standard metal trays and ad-
ditional silicone material (Zhermack SpA, Badia Polesine,
Italy). According to 40 silicone impressions, 40 master casts
were fabricated in dental stone type IV (Fuji Rock, GC,
Leuven, Belgium) and were subsequently used for fabricat-
ing ZrO, primary crowns.

Primary and secondary crowns fabrication

All 40 primary crowns (40 master casts with prepared
canine teeth) were fabricated from zirconia blocks
(ZENOSTAR, 98 mm, Wieland Dental, Pforzheim,
Germany). The stone models were scanned using an
extraoral scanner (3 Shape D 800 scanner, 3Shape A/S,
Copenhagen, Denmark), designed (Dental System
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Figure 1. Polyether ether ketone (PEEK) secondary crown
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Figure 2. ZrO, secondary crown with electroplated gold coping

Premium 2014, 3Shape A/S, Copenhagen Denmark) and
milled in a Wieland Dental CNC milling unit. The primary
crowns were polished with a special bur kit for zirconia
(sets 4430 and 4431, Komet Dental Gebr. Brasseler GmbH
& Co. KG, Lemgo, Germany) with water cooling using a
hand piece [9].

The prepared primary crowns were afterwards divid-
ed into two groups - 20 primary crowns were randomly
selected for PEEK secondary crowns (Figure 1); the rest
of the 20 crowns were left for ZrO, secondary crowns
with electroplated gold copings (Figure 2). The param-
eters used for PEEK secondary crowns were adjusted for
breCam BioHPP blanks (Bredent, Senden, Germany, LOT:
394172), with proximal extension to enable precise separa-
tion of the crowns. Twenty PEEK secondary crowns were
milled utilizing Wieland Dental CNC. The polishing pro-
cedures of the outer surfaces of peek secondary crowns
were conducted under standardized condition, which im-
plies silicone polishers (Ceragum Wheel, Bredent Medical
GmbH & Co.KG, Senden, Germany) and polishing brushes
(Komet Dental) with polishing paste (Abraso-Starglanz
asg, Bredent, Germany); inner surfaces were not polished,
in accordance with manufacturer recommendations [8].

Another 20 secondary crowns were fabricated com-
bining electroplated gold copings and ZrO,. The gold
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copings were produced in the electroforming machine
(Gammat Optimo 2, Dental Gramm Technik GmbH,
Ditzingen, Germany). The primary crowns were covered
with thin layer of electroconductive lacquer (Conductive
Silver Lacquer art. No. 910.00.049) using a special brush.
Special attention was paid to producing a thin homoge-
neous layer. The properties of the gold solution (Ecolyt
SG 200), activator (Activator SG 200), and time required
were automatically calculated by the system to create a
0.2 mm thin layer of gold. Afterwards, the copings were
submersed in a 40% nitric acid solution for 15 minutes to
remove metallic lacquer. On the master cast with primary
and secondary telescopic crowns in place, another digital
scan was performed and a tertiary structure was designed
(Dental System Premium) and milled (Wieland Dental
CNC, Wieland Dental) from zirconia blocks (Zenostar,
Wieland Dental). Afterwards, the gold copings were in-
troduced into the ZrO, secondary crowns and luted us-
ing Multilink Automix adhesive (Ivoclar Vivadent AG,
Liechtenstein) according to the manufacturer’s directions.

Pull-off force measurement

Measurements were performed on 40 sets of telescopic
crowns. The study adopted the “pull off force” as a force
needed for pulling off the secondary from the primary
crown. The measurements were preformed manually as
complete separation of the telescopic crowns with artificial
saliva substitute interposed (Biotene; GSK, Brentford, UK
in physiological sodium chloride solution, ratio 1:2). The
pull-off force measurements were conducted by a Bredent
dynamometer (Friktionsmesgerat fmg 20) [10]. This dy-
namometer measures forces ranging 0-20 N. The exis-
tence of proximal extensions on the secondary telescope
crowns was required for precise separation of the crowns.
Measurements of the overall pull-off force were done in
several steps. First, the interiors of the primary crowns
were filled with autopolymerizing acrylic resin, and using
the movable arm of the surveyor the dynamometer pins
were immersed into the acrylic (Figure 3). Following the
polymerization of the acrylic resin, adequate secondary
crowns were seated over the primary crowns with finger
pressure. The telescopic crown and pin assemblies were
mounted onto the perforated plate of the dynamometer
and fixed with an appropriate screw. The vertical post was
then secured using a proper screw. The described method
was performed for each of the 40 telescopic crown speci-
men sets. In summary, 40 specimens for each telescopic
system were fabricated consisting of 20 for each material
group combination.

Manual complete separation of the secondary crowns
from the primary telescopic crowns in an axial direction
was performed respectively at the baseline and presented
the initial pull-off force. Readings of the pull-off force val-
ues were evaluated on the dynamometer scale. Insertion
and separation of the telescopic crowns and adequate mea-
surements were repeated until a constant value of the pull-
off force was obtained. The final measurement refers to the
pull-off force values that repeat in at least 10 consecutive
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Figure 3. The dynamometer pin was immersed into the acrylic using
the movable arm of the surveyor

readings, while the number of cycles until steady force
value is achieved, represents the settling-in phase.

Statistical analyses

For statistical analysis, the values of the pull-of force ob-
tained after the first measurement (baseline) were used,
as well as after each hundred measurements to the end of
the settling in phase (the end of the test). Statistical analy-
ses were performed using IBM SPSS Statistics, Version
24.0 (IBM Corp., Armonk, NY, USA). Descriptive data
for all groups and variables were expressed as mean +
standard deviation, median, and interquartile range.
Obtained data were tested for normal distribution by the
Kolmogorov-Smirnov test. All our data was non-para-
metric. Quantitative non-parametric variables, between
two groups, were compared by the Mann-Whitney U-test.
For the comparison within a group (between different
observed times), Friedman and Wilcoxon tests were per-
formed. Logistic regression model was used to determine
predictors of different groups: the PEEK group and the
electroplated-gold-ZrO, group. All reported p-values were
two-sided; the differences were considered significant
when p-value was < 0.05.

RESULTS

The initial settling-in phase was finished between 800 and
900 cycles of separation, due to the fact that the 900th
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cycle of separation was presented as the end of the test for
both groups. On average, the initial settling-in phase was
finished after 892 cycles of separation in the PEEK group
and 858 in the electroplated-gold-ZrO, group. The initial
values showed the range of the pull-off force: 7.5-10.2 N
for the PEEK group and 2.4-10 N for the electroplated
gold-ZrO,-group. The respective final pull-off forces were
4.1 N and 3 N. The descriptive statistics, such as mean with
standard deviation, median, and interquartile range togeth-
er with the result from Mann-Whitney and Friedman tests
are summarized in Table 1. By comparing the values of the
pull-off forces between the groups analyzed, a statistically
significant difference was found at all observed times, com-
mencing from the baseline to the 900th separation cycle.
The p-values in question are also shown in Table 1.

When comparing inside the groups, a statistically sig-
nificant reduction in the pull-off force value was observed
in both groups. By comparing the value of this parameter
between individual different cycles, a statistically significant
reduction was recorded up to the 800th cycle, while between
the 800th and 900th cycle there was no difference (Table 2).
The percentage change in the finish value (900th separation
cycle) compared to the baseline (start) did not statistically
significantly differ from the observed groups (Figure 4).

Multiple regression analysis was used for identification
of parameters that may predict changes in the initial reten-
tion force of different telescopic crowns: the PEEK group
and the electroplated-gold-ZrO, group. For the assessment
of univariate predictors, all values for the pull-off force and
the percentage change from baseline to finish values were
analyzed. When the univariate predictors were obtained,
all values of the pull of force during different cycles of
separation were introduced in a multivariate model. In
the multivariate model, none of these factors showed
statistically significant differences between the observed
telescopic crowns.

DISCUSSION

Upon evaluating the obtained results regarding the first
hypothesis, it could be said that both groups of investigated
telescopic sets had achieved sufficient retention forces. The
PEEK telescopic crown group in our study showed higher
initial retentive force values (mean value of 9.3) compared
to the ZrO, crowns (median value of 7). Also, the PEEK
group showed a larger range of retention force before the
end of the settling-in phase and slightly longer duration of
settling-in phase compared to the ZrO, group. The possible
explanation may be that known recommendation not to
polish inner surfaces of PEEK crowns contributes to an
initial high abrasiveness and consequently robust initial
retentive force values. In addition to that, PEEK as a flex-
ible material undergoes the process of better adaptation to
the primary coping [9, 10, 11]. The results concerning the
second hypothesis showed that final pull-off forces were
4.1 N and 3 N, respectively for each group. Phenomenon
that occurs during the settling-in phase represents plastic
deformation of materials with an increase of actual contact
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Table 1. Descriptive statistics values; all values for pull-off force are

presented in newtons (N)
Number of
Y| peagop | feoeled |
(Med, IQR)
Baseline 93+1.2(9.7;2.4) 7+26(7.3;24) |p=0.001*
100 79+1.6(7.2;3) 6.1 +2.1(64;1.4) |p=0.006*
200 7.1+1.3(6.4;2.2) 55+19(58;1.6) |p=0.017%
300 6.1 +0.8(6.1;1.8) 46+15(481) |p=0.001*
400 54+06(538;1) 4.2+13(44;08) |p=0.000*
500 4.8+0.6 (4.65;0.8) 37+1.2(4,06) |p=0.000*
600 4.5+0.6(44;0.3) 35+1.2(3.6;0.3) |p=0.000%
700 4.3+0.4(44;08) 3.4+1.1(3.6;0.8) |p=0.000%
800 4.2+0.5(4.3;0.8) 3.1+1.1(3.2,0.6) |p=0.000%
900 4.1+0.5(4.3;0.8) 3+0.9(3.2,0.6) |p=0.000*
p° p =0.000* p = 0.000*

IQR - interquartile range;
*statistically significant;
2Mann-Whitney U-test;
°Friedman test

Table 2. Statistically significance of reduction of pull-off force over
time in two groups

Test cycles PEEK group f&?;gzp;gidp
baseline-100 p = 0.000* p = 0.000*
100-200 p =0.000* p =0.000*
200-300 p = 0.000* p =0.000*
300-400 p = 0.000* p =0.000*
400-500 p = 0.000% p = 0.000%
500-600 p = 0.000* p=0.001*
600-700 p =0.004* p =0.045*
700-800 p =0.002* p = 0.004*
800-900 p=0.157 p=0.063

*Statistically significant; Wilcoxon test

551

50

40

% change from baseline

357

30

T
zirconia secondary crowns with
electroplated gold copings

T
PEEK secondary crowns

Figure 4. The percentage change from baseline to finish values

surface area resulting in tension reduction between sur-
faces [3, 11]. The existing tension will decrease as long as
the limits of elasticity are exceeded anywhere in the contact
area, whereas elasticity is specific for any given material.
The results correspond to the statement that the retention
mechanism of electroformed secondary crowns is based
on adhesion, not on the wedge effect [5].

www.srpskiarhiv.rs ‘

413



414

The retention of telescopic crowns in which the second-
ary parts are electroplated is based on the combination
of capillary gap and saliva [12, 13]. Capillary gap occurs
as a result of gold ion deposits on a thin layer of silver
lacquer which is applied during the fabrication of the cop-
ing. Furthermore, by implementing the artificial saliva,
design of the tooth preparation and chamfer design and
dimensions may have an impact on adhesion between the
smooth surfaces of telescopic crowns, as well as having a
hydraulic effect, thus increasing the initial retentive force
[10]. Also, as stated by Weigl et al. [14], double crown as-
semblies with electroformed secondary crowns have more
stable retention forces than double-crown assemblies with
cast secondary crowns [14].

The main limitation of this study is that the dynamom-
eter pin was positioned manually, and that some errors
may have occurred when reading the measured values.
However, to avoid significant errors, the dynamometer
pin was positioned using the surveyor arm, thus providing
the vertical direction for the separation/insertion process.
Under in vivo conditions, the insertion path of the den-
ture in most cases is slightly different from the path used
during the measurements. Also, the lubricant was inter-
posed during the “pull-off force” measurement, although
the presence of artificial saliva is a controversial subject
concerning the validity of the results ranging from those
that indicate the presence of saliva substitute does not alter
the withdrawal force in individual withdrawal force tests
to those that assert the absence of such intermediary leads
to significant changes in frictional wear [15].

Double crowns have been exposed to numerous criti-
cisms over decades of use. However, research has shown
that properly planned and precisely manufactured over-
denture retained with double crowns does not show a
higher incidence of complications than other types of
attachments. Ishida et al. [16] investigated survival and
complication probabilities of the prosthesis retained with
clasps and double crowns. Decementation was the most
frequent cause of failure in double crowns (which is neither
expensive nor complicated to solve), but other complica-
tions such as fracture of crown restoration, fracture of
tooth, caries, and periodontal disease were more frequent
in abutment teeth with clasps [16]. Similar conclusion was
made by Hofmman et al. [17], who reported the loss of
cementation for double crowns and fractures of the clasps.
Schwindling et al. [18] concluded that the most frequent
complications of double crown retained overdentures were
decementation of primary crowns, need for denture re-
lining, and fracture of the veneer of secondary crowns.
All these complications are considered minor and low-
cost, and overall survival rate was 90% after seven years.
According to the most recent research, the cumulative sur-
vival rate of double crowns was higher in implants com-
pared to tooth-supported overdentures, but still above 80%
in both teeth- and implant-supported overdentures over
10 years [19]. Based on these results, it can be said that
the main drawbacks of the telescopic overdenture are in
the complex design and production, as well as the price of
gold alloys. For this reason, the idea of introducing new
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materials for double crowns means a potential reduction
of the production cost, but the main advantage is digita-
lization, which reduces the errors caused by the human
factor. For example, due to CAD/CAM fabricating, cast-
ing beads, inevitable during conventional casting, were
avoided [20, 21]. In addition, a recent study has shown
that fully digital protocol for RPD production with clasps
is possible, meaning digital impression, design with CAD
software, fabrication with CAM machine, and 3D printer
and assembly with adhesive material [22]. This means that
soon it will be possible to produce telescopic overdenture
with fully digital protocol as well.

Non-precious metal alloys are convenient because of
the much lower price compared to gold alloys, but also to
PEEK and ZrO,. However, literature data and also experi-
ence in practice point out that these alloys often cannot
reach sufficient retention force and therefore need addi-
tional retention elements which complicate the production
process. Also, because of the existence of carbides, oxide
layer creation, and high elasticity module, double crowns
made of non-precious alloys are much more difficult to
handle and process [23, 24, 25].

The optimal retention force value per one telescopic
crown amounts to 5-9 N [3, 8, 23], which correlates with
our own results. The results from Stanci¢ and Jelenkovié
[4] demonstrate that when a larger number of matrix—pa-
trix components are present, as in most cases, there is an
initial force stronger than optimal and the settling-in phase
will last longer, thus providing the possibility of potentially
harmful outcome for the periodontium over a longer inter-
val [4]. Considering the retention force values, contrary to
our results, initial retentive force in the 3.6-3.7 N range or
less were reported by Ozyemisci-Cebeci and Yavuzyilmaz
[12] prior to applying different friction varnishes that im-
proved retention to satisfactory 4.6 and 6 N. Giingor et
al. [25], similar to our results, reported that only after the
initial 800 cyclic procedures were performed, a decrease in
the retentive force could be found, with no further changes
afterwards. Contrary to our findings, the results of Stock
et al. [8] showed a decrease of retention force in PEEK
secondary crowns as soon as the first 20 cycles.

Bearing in mind the obtained results as well as the dif-
ference in the crown production cost which is approxi-
mately 2:1 in favor of PEEK, authors give mild advantage to
the electroplated gold ZrO,. However, further prospective
clinical studies are needed to determine which material is
more durable and has better clinical characteristics after
some period of use. Nowadays, more implant-supported
overdentures are retained with double crowns with good
survival rate [2, 26], and researches about different com-
puter-aided technologies for those double crowns should
give precious information [19, 22].

CONCLUSION
The first hypothesis that different materials of the second-
ary crown have an impact on initial retentive force value

has been shown as correct. The specimens of the PEEK
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telescopic group showed higher initial retentive force val-
ues than electroplated-gold-ZrO, group. The settling-in
phase was finished between 800 and 900 cycles of separa-
tion in both groups; thus, material combination did not
have an impact on the duration of the initial retentive force
reduction. Both tested telescopic groups showed retentive
force values in the optimal range.

REFERENCES

1. Carlsson GE. Implant and root supported overdentures: A literature
review and some data on bone loss in edentulous jaws. J Adv
Prosthodont. 2014;6(4):245-52.

2. Fobbe H, Rammelsberg P, Bermejo HL, Kappel S. The up-to 11-year
survival and success of implants and abutment teeth under solely
implant-supported and combined tooth - implant-supported
double crown-retained removable dentures. Clin Oral Impl Res.
2019;30(11):1134-41.

3. Stamenkovi¢ D. Stomatoloska protetika-pacijalne proteze. Beograd:
Interprint; 2006. pp. 337-66, 403-13.

4. Stancic |, Jelenkovic¢ A. Retention of telescopic denture in elderly
patients with maximum partially edentulous arch. Gerodontol.
2008;25(3):162-7.

5. ZahnT, Zahn B, Janko S, Weigl P, Gerhardt-Szép, Lauer HC. Long-
term behaviour of double crown retained dentures with metal and
metal-free secondary crowns and frameworks made of Vectris© on
all-ceramic primary crowns: a prospective, randomized clinical trial
up to 14 years. Clin Oral Invest. 2016;20(5):1087-100.

6. StoberT, Danner D, Bomicke W, Hassel AJ. Improvement of oral
health-related quality-of-life by use of different kinds of double-
crown-retained removable partial dentures. Acta Odontol Scand.
2015;74(1):1-6.

7. Schwindling FS, Rammelsberg P, Krisam J, Rues S. Adjustment of
retention of all-ceramic double-crown attachments. Int J Comput
Dent. 2017;20(4):409-21.

8. StockV,Wagner C, Merk S, Roos M, Schmidlin P, Eichberger M, et
al. Retention force of differently fabricated telescopic PEEK crowns
with different tapers. Dent Mater J. 2016;35(4):594-600.

9. StockV, Schmidlin PR, Merk S, Wagner C, Roos M, Eichberger M,
et al. PEEK Primary Crowns with Cobalt-Chromium, Zirconia and
Galvanic Secondary Crowns with Different Tapers — A Comparison
of Retention Forces. Materials (Basel). 2016;9(3):187.

10. Linek W, Richter G, Raedel M, Walter M, Reitemeier B. In vitro
analysis of the tribological behaviour of different material
combinations for telescopic crowns. Metals. 2016;6(7):149.

11. Schubert O, Reitmaier J, Schweiger J, Erdelt K. Retentive force of
PEEK secondary crowns on zirconia primary crowns over time.
Clinical Oral Investigations. 2019;28(5):2331-8.

12. Ozyemisci-Cebeci N, Yavuzyilmaz H. Comparison of the effects of
friction varnish and electroforming on the retention of telescopic
crowns. J Prosthet Dent. 2013;109(6):392-6.

13. Lian M, Zhao K, Feng Y, Yao Q. Prognosis of combining remaining
teeth and implants in double-crown-retained removable dental
prostheses: a systematic review and meta-analysis. Int J Oral Max
Impl. 2018;33(2):281-97.

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):410-416

ACKNOWLEDGEMENT

The authors are very grateful to master dental technician
Nemanja Grkini¢ and Dental Design Studio, Belgrade,
Serbia for the help in preparation of samples used in the
present study, and to dental technician Gustav Baclija
(G-dent, Subotica, Serbia) for providing the galvanic device.

Conflict of interest: None declared.

14. Weigl P, Hahn L, Lauer HC. Advanced biomaterials used for a
new telescopic retainer for removable dentures: ceramic vs.
electroplated gold copings: part | In vitro tribology effects. J
Biomed Mater Res. 2000;53(4):320-36.

15. Bayer S, Stark H, Mues S, Keilig L, Schrader A, Enkling N. Retention
force measurement of telescopic crowns. Clin Oral Invest.
2010;14(5):607-11.

16. Ishida K, Nogawa T, Takayama Y, Saito M, Yokoyama A. Prognosis
of double crown-retained removable dental prostheses compared
with clasp-retained removable dental prostheses: A retrospective
study. J Prosth Res. 2017;61(3):268-75.

17. Hofmann E, Behr M, Handel G. Frequency and costs of technical
failures of clasp- and double crown-retained removable partial
dentures. Clin Oral Investig. 2002;6(2):104-8.

18. Schwindling FS, Dittmann B, Rammelsberg P. Double-crown
retained removable dental prostheses: A retrospective study of
survival and complications. J Prosthet Dent. 2014;112(3):488-93.

9. Seo JG, Cho JH. Clinical outcomes of rigid and non-rigid telescopic
double-crown-retained removable dental prostheses: An analytical
review. J Adv Prosthodont. 2020;12(1):38-48.

20. Obradovi¢-Burici¢ K, Medi¢ V, Dodi¢ S, Gavrilov D, Antonijevi¢ B,
Zrili¢ M. Dilemmas in zirconia bonding: A review. Srp arh Celok Lek.
2013;141(5-6):395-401.

21. Celik Gliven M, Tuna M, Bozdag E, Oztiirk GN, Bayraktar G.
Comparison of retention forces with various fabrication methods
and materials in double crowns. J Adv Prosthodont. 2017;9(4):308-
14.

22. Nishiyama H, Taniguchi A, Tanaka S, Baba K. Novel fully digital
workflow for removable partial denture fabrication. J Prosthod Res.
2020;64(1):98-103.

23. Arnold C, Hey J, Setz JM, Boeckler AF, Schweyen R. Retention force
of removable partial dentures with different double crowns. Clin
Oral Invest. 2018;22(4):1641-9.

24. Turp |, Bozdag E, Stinbuloglu, Kahruman C, Yusufoglu |, Bayraktar
G. Retention and surface changes of zirconia primary crowns
with secondary crowns of different materials. Clin Oral Invest.
2014;18(8):2023-35.

25. Gungor MA, Artung C, Sonugelen M. Parameters affecting retentive
force of conus crowns. J Oral Rehabil. 2004;31(3):271-7.

26. Rinke S, Buergers R, Ziebolz D, Roediger M. Clinical outcome of
double crown-retained implant overdentures with zirconia primary
crowns. J Adv Prosthodont. 2015;7(4):329-37.

_

www.srpskiarhiv.rs



416

Mili¢-Lemic A. et al.

PeTeHLMOHa CUNa NpoTe3e PeTUHMPAHE TeNIECKONCKUM KpyHama — nopeherbe
TeNeCKONCKMUX KPyHa 04, NONMETEPKETOHA U LUPKOHUjYMCKe KepamuKe

Anekcangpa Munuh-Jlemuh', Credan CpepojeBuh?, KatapuHa Pagosuh', [lejaH CrameHkosuh', BurbaHa Munuunh?,

AnekcaHapa Monoeau', ViBuua CraHumh'

'YHuBep3utet y beorpapy, Cromatonolukm dakynteT, KnnHrka 3a ctomatonoLuky npoteTuky, beorpag, Cpbuja;
2YHneepauTet y beorpagy, CromaTtonolwku dakynteT, KnuHiKa 3a napoAoHToNorujy 1 opanHy meguuuHy, beorpag, Cpbuja;
*YHusep3utet y beorpapy, Cromatonoluku dakynteT, BuomeauumHcka ctatuctka, beorpag, Cpbuja

CAMETAK

Yeoa/LUnmb MNocnepmwnx roanHa yBefeHu Cy y Mpakcy HOBU
maTepujanu 3a 4BOCTPYKe KPYHe, Kao LUTO Cy LMPKOHMja 1 no-
nuetepetepkeToH (MEEK). MehyTum, Heke KapaKTeprCTUKe OBKX
MaTepujana HUCY [JOBOJbHO UCMMTaHe, Kao LUTO Cy PeTeHLMOHa
cuna 1 Tpajatbe ,pase yxopasara“ ,Dasa yxoaaBara” je MHU-
umjanHu nepuog ynotpebe Teneckorncke npoTese Kafa ¢riHanHa
peTeHLMOHa C1na jow yBeK Huje NOCTUTHYTa, U MOXe MMaTu
LUTETHY YTULLAj Ha NAPOAOHTANTHO TKMBO aKo Cy y TOM nepuogy
Cune NPEeBMCOKe 1 NPeayro Tpajy.

Linsb je 610 fa ce M3mMepu MH BUTPO YKYTMHa Cula pa3fBajatba
TENeCcKONCKNX KPyHa, rae Cy MprMapHe KpyHe uspaheHe of
LIPKOHUjyMCKe KepaMuKe, M MCNUTaTK Tpajare dase yxoaa-
Batba.

Metope YeTpgeceT nprmapHUX TENECKOMNCKMX KPYHa Of LPKO-
HUjyMCKe KepaMmuiKe je n3paheHo Ha npenapucaHym ourbaLyma.
[lBapieceT cekyHAapHYIX KpyHa je uspaheHo og MEEK-a, 1 jow 20

DOI: https://doi.org/10.2298/SARH190923025M

KPYHa 0fj LMPKOHWje ca rajiBaHN30BaHMM 371aTOM. 3a Mepetbe
cune paspaBajarba kopuwheH je anHamometap. Cnajarbe 1 pa-
3[1Bajatbe TeNIeCKOMCKNX KPYHa 1 Mepetbe cuile pasfaBajatba je
BPLUEHO [OK HUje fobujeHa KOHCTaHTHa BPEAHOCT.
Pesyntatu Y3opuu 13 rpyne MNEEK nokasanu cy BuLy nHuumjan-
Hy BpeAHOCT peTeHumoHe cune. Pa3a yxofasatba je 3aBplueHa
n3mehy 800 1 900 umknyca pasaBajarba ko obe rpyne. Kaga ce
ynopege VHANBuAyanHe BPeAHOCTU Cine pa3fBajatba n3mehy
PasnMuUTMX LMKNyca, CTaTUCTUYKIN 3HAYajHO CMakbekbe je 3a-
6enexxeHo fo 800. umknyca, fok nsmehy 800. 1 900. umknyca
Huje 6uno pasnuke.

3akmyuak Da3a yxopasarba je 3aBplueHa nsmehy 800 1 900
LMKnyca pa3aBajara y obe rpyne. OrHanHa peTeHLMoHa cua
Kog 06e TecTupaHe rpyne rnokasasna je onTumasnHe BpegHOCTH,
Koje n3Hoce 5-9 N no Teneckonckoj KpyHu.

KrbyuHe peun: Teneckoncke KpyHe; MNEEK; unpkoHmnjymcka Ke-
pamuKa; peteHumoHa cuna; CAD-CAM

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):410-416



DOI: https://doi.org/10.2298/SARH200322046P

UDC: 616.716.4-001.5-053.9

ORIGINAL ARTICLE / OPUTUHAJTHN PA]

Clinical characteristics of mandibular fractures in
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SUMMARY

Introduction/Objective The most commonly used methods of treatment of mandibular fracture are not
always successful in older patients. This is due to decreased regenerative ability, impaired vasculariza-
tion, osteoporosis, and atrophic changes. The corresponding changes are often found in patients over
50 years of age, especially accompanied with teeth loss.

The objective was to review the clinical characteristics of mandibular fractures in older patients based
on a retrospective analysis of medical records.

Methods A group of patients over 50 years of age was selected and analyzed among patients with
mandibular fractures who had been treated for 10 years.

Results A total of 642 patients over 50 years with 1,003 fracture lines were identified. This represents
8.53% of the total number of patients with mandibular fractures. Comorbidities were diagnosed in 67%
of cases. Significant differences in the distribution of the frequency of fracture lines by localization were
identified, depending on the presence or absence of occlusal contact. A high incidence rate of open frac-
tures and bone fragment dislocation was observed both in individuals with or without occlusive contact.
Conclusion Patients over 50 years of age are a statistically important group in the general population
of patients with mandibular fractures with a number of clinical features. To the author’s knowledge, this
study comprises the largest number of patients over the age of 50 with mandibular fractures, including
those with edentulous mandible, which ensures the required level of representation, allowing reliable
clinical characterization of this contingent of patients.

Keywords: mandibular atrophy; occlusion; edentulous; older patients

INTRODUCTION

At old age, any injury is a serious threat. This is
due to the reduced regenerative ability caused
by the depletion of the pool of mesenchymal
stem cells, impaired vascularization as a result
of systemic atherosclerosis, and osteoporosis
resulting from changes in mineral metabolism.
The course of a traumatic disease is signifi-
cantly influenced by comorbidities, which are
common in this age group.

Maxillofacial injuries are not an exception,
as they frequently lead to disability, includ-
ing from the social perspective. It is known
that mandibular fractures are one of the most
frequent types of facial bone injuries, which
also holds true for the individuals of older age
groups [1, 2]. However, as a result of the loss
of teeth, atrophic changes of the alveolar area
and body of the mandible, standard treatment
methods are not always effective in these pa-
tients [3]. According to several authors, the
rate of complications associated only with
impaired consolidation reaches 25% [4, 5]. In
the age population over 50 years old, people
with the loss of a large number of teeth and the
lack of occlusal relationships are often found.
As a result, they develop atrophic changes in

the mandible of varying degrees of severity.
Accordingly, its damage, in this case, will have
a number of clinical features.

The objective of this paper is to review the
clinical characteristics of mandibular fractures
in older patients based on a retrospective analy-
sis of medical records.

METHODS

Medical records of 7,532 patients with man-
dibular fractures undergoing treatment in the
Maxillofacial Surgery Clinic of the N. I. The
First Pirogov Municipal Clinical Hospital (the
clinical base of the university department)
within a period of 10 years was analyzed. We
selected a group of patients over 50 years of
age. As noted above, this age criterion was cho-
sen based on the fact that mandibular atrophic
changes related to the loss of teeth are common
enough at this age thus inevitably influencing
the clinical course of a traumatic disease.

At admission, all patients provided a written
informed consent for the statistical processing
of their data.

All procedures performed in this study were
in accordance with the ethical standards of the
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institutional research and with the 1964 Helsinki declara-
tion. Permission from the local Committee on Ethics has
been obtained to conduct this research (protocol from May
30, 2019).

The distribution of patients by sex and age, as well as
the presence or absence of comorbidities, was analyzed.

To characterize mandibular fractures, the Association
for Osteosynthesis/Association for the Study of Internal
Fixation (AO/ASIF) classification was applied [6]. This is
the most convenient classification for the statistical pro-
cessing of data in large groups in research studies and it
also allows the highest possible number of clinical features
of practical surgical significance to be taken into consid-
eration. According to the requirements of this classifica-
tion, the following categories were evaluated: F (fracture),
L (localization), S (soft tissue), O (occlusion) (Table 1).

Table 1. The Association for Osteosynthesis/Association for the Study
of Internal Fixation (AO/ASIF) classification of fractures of the mandible

Category | Fracture

F, |simple fracture

oblique split fracture

1s

, | double or multiple unilateral fractures

splintered fracture

w

fracture associated with the formation of a bone defect

IS

fracture located in the incisor region

r|ir|m| m| m| M

~

fracture located in the canine region

fracture located in the lateral portions of the
mandibular body, in the area from the first premolar to
the second molar

—

w

fracture located in the mandibular angle region.

N

fracture located in the mandibular ramus region

«

fracture located in the condylar process region

o

fracture located in the coronoid process region

~

fracture of the alveolar portion of the mandible

@

closed fracture

o

open fracture communicating with the oral cavity

open fracture accompanied by skin injuries

N

n nn uv ||

fracture which is open both intra- and extraorally

w)

fracture associated with the formation of a soft tissue
defect

%

IS

no malocclusions

o

disocclusion

o
ololo

no occlusal contact

~)

RESULTS

In the retrospective study of the archival documents,
medical records of 642 patients aged over 50 years were
identified, which represents 8.53% of the total number of
patients with mandibular fractures. The relative share of
older patients in different years ranged 7-11.3%, i.e. this
parameter remained rather stable. Cumulatively, 1,003
fracture lines were diagnosed in these patients.

A total of 90 patients were female, representing 14% of
the total number of the studied group, while 552 patients,
who constitute 86%, respectively, were male.

‘ DOI: https://doi.org/10.2298/SARH200322046P
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Comorbidities were identified in a total of 67% of pa-
tients. Among these, cardiovascular disorders were pre-
dominant (Table 2). They were also detected in patients
with other types of diseases, as a concomitant condition.

Table 2. Comorbidity structure in patients over 50 years of age with
mandibular fractions

Male Female Total
n % n % n %
Total number of patients 552 | 86 | 90 | 14 | 642 | 100
Patients with comorbidities | 359 | 55.9 | 71 11 | 430 | 67
Cardiovascular disorders 290 | 451 | 51 | 7.9 | 341 | 53.1

Parameter

Respiratory disorders 39 6 9 14 | 48 | 75
Gastrointestinal disorders 20 | 311 4 06 | 24 | 37
Urinary tract disorders 4 | 06 4 0.6 8 1.2
Diabetes mellitus 3 0.4 2 0.3 5 0.7
Other 3 0.4 1 0.2 4 0.6

Occlusal contact was present in 305 patients, while 337
had no occlusal contact (O, category). The number of frac-
ture lines diagnosed was 477 in the first group and 525 in
the second group, respectively. Table 3 shows the distribu-
tion of unilateral and bilateral fractures in these groups.

Table 3. Number of unilateral and bilateral mandibular fractures in
patients over 50 years of age by the presence or absence of tooth rows

Dentulous Edentulous
n % n %
Bilateral fractures 158 51.8 201 59.6 359
Unilateral fractures 147 48.2 136 40.4 283
Total 305 100 337 100 642

Fractures Total

In O category (occlusion), the distribution of fracture
frequency in various regions of the mandible was com-
pletely different in patients with preserved dentition and
patients with loss of occlusal contact. The corresponding
data relative to the total number of fractures are presented
in Table 4. The incidence rate of fracture lines in various
regions of the mandible relative to the total number of
patients with present and absent occlusal contacts is pre-
sented in Figure 1.

The distribution of bilateral mandibular fracture lines
in patients over 50 years of age by their localization in both
present and absent occlusal contacts are shown in Table 5.

Dislocated bone fragments were observed in 79.1% of
patients without occlusal contacts and in 66.3% of patients
with occlusal contacts. The frequency distribution of bone
fragment displacement by localization of the fracture line
is shown in Figure 2.

DISCUSSION

The incidence rate of mandibular fractures in individu-
als over 50 is significantly lower than in other age groups
(the maximum rate is reported in individuals aged 20-29
years: 37.53%), however they still represent a statistically
significant population with specific clinical manifestations.
Specifically, they include an increasing number of patients
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Table 4. The distribution of mandibular fracture lines by localization
in patients over 50 years of age

Table 5. The distribution of bilateral mandibular fracture lines in older

patients by their localization

Dentulous* (n =477, 100%) Fracture line Dentulous Edentulous
i ) S S, S, localization pattern n % n %
njury region
JrTed n % n % n % L/L, - - 2 1
L, ! 46 | 97 L/L, 14 8.9 5 24
L, 4 08 | 20 | 42 LIL, 5 15 - i
L 26 55 75 15.8 2 0.4
3 L/L, 14 8.9 18 9
L4 74 15.5 110 23.1 2 0.4
LyL, 7 44 10 5
L, 11 23
L, 102 | 214 L/Ls 2 13 - -
Total 222 | 465 | 251 | 526 | 4 08 L/L, 5 32 10 5
Edentulous (n =525, 100%) L/L, 1 0.6 18 9
S S S
TRy b . - L/L, 48 304 60 29.9
n % n i n G L, 7 44 5 24
L, 12 | 23 14 | 27
L/L, 23 14.6 32 16
L, 14 2.7 15 29 1 0.2
L, 89 | 169 | 101 | 192 | 2 | o4 L 21 132 | A 104
L, 8 | 16 | 97 | 184 | 2 | 04 L/ 12 77 16 8
L, 14 2.7 L/L, - - 2 1
L, 80 15.2 L6/L6 2 1.3 2 1
Total 293 55.8 227 43.2 5 1 Total 158 100 201 100
*Category L8 cases (three cases) are not included in this table
dentulous mandible n = 303 patients, 100 % edentulous mandible n = 337 patients, 100 % dentulous mandible (n = 330 fractures with dentul dible (n =414 with
displacement of fragments, 100 %) displacement of fragments, 100 %
— Le 24,0%
Ls 4,2%
Ly 54,7%
L216,7%| | L2 9,0% fa 125%
— L, 187%
L 7,9%| L 74% |

Figure 1. The frequency of mandibular fractures among the patients
over 50 years of age (number of fracture lines to number of patients
ratio)

with comorbidities, predominantly cardiovascular disor-
ders. This implies the long-term use of various drugs influ-
encing the function of different body systems (for example,
anticoagulants), which should be taken into consideration
when planning surgery.

The characteristics of the actual fractures fundamentally
depend on the presence or absence of occlusal contacts;
their loss leads to severe atrophic changes in the mandible.
This affects the distribution of fracture lines by localiza-
tion. In patients with occlusal contacts, the higher inci-
dence rate of fracture lines is observed in the mandibular
angle region, similarly to patients of other age groups. In
patients with teeth loss, fracture lines are most prevalent
in the lateral portions of the mandibular body, where the
most pronounced atrophic changes occur. According to
Newman [7], the incidence rate of fracture lines in this
region is 57%, which is fully consistent with our results.

We noted that in a rather high proportion of cases (9%)
in the O, category according to the AO/ASIF classification,
bilateral symmetrical fracture lines located in the lateral

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):417-422

Figure 2. The frequency of dislocation of bone fragments in fractures
of the mandible among the patients over 50 years of age

portions of the mandibular body are diagnosed. In the
corresponding age group with occlusal contacts, a single
such case was reported; moreover, this patient had bilateral
free-end edentulous spaces from the first molars, while
fracture lines were immediately behind them.

Luhr et al. [8] proposed a classification of atrophic jaw
changes in patients with fractures, based on the vertical
size of the bone. The mandibular height in the area of in-
jury of 16 to 20 mm corresponds to class I atrophy, a height
of 11 to 15 corresponds to class II, and a height below 10
mm corresponds to class III. Mugino et al. [9] also distin-
guished extremely severe atrophy with a mandibular height
lower than 5 mm. Consequently, the recommendations on
performing osteosynthesis of the atrophied mandible based
on experimental data and clinical observations depend
specifically on the assessment of the vertical size of the
mandibular body [9-13].

However, atrophy of the edentulous mandible body
progresses unevenly. The increase in the incidence rate
of fracture lines in the L, region that we observed in
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association with the loss of occlusal contacts suggests
that atrophic changes in the bone tissue develops pre-
dominantly in the lateral portions of the mandibular body,
while being less pronounced in the angle and frontal re-
gions. These changes are related precisely with the atro-
phy of the mandibular body in cross-section, rather than
with the loss of its height [14]. These fractures should
be characterized as extremely unfavorable because of the
abovementioned processes, contact surface between bone
splinters is reduced, which negatively influences bone
wound healing and can lead to impaired consolidation.
According to Bruce and Ellis [5], in 20% of cases heal-
ing in this region occurs by syndesmosis, without callus
formation. Consequently, it seems reasonable to perform
computed tomography scanning when planning treatment
if the fracture line is located in the lateral portions of the
atrophied mandibular body.

Another factor considerably complicating bone wound
healing in cases of severely atrophied mandibular body
is luminal narrowing of the inferior alveolar artery; thus,
bone tissue blood supply is provided predominantly by
periosteal vessels [15], which are severely damaged fol-
lowing injury or surgery.

Spiessl [16] described a non-union type of fracture typi-
cal for atrophied edentulous mandible, which is referred to
as “elephant’s-foot-like” in literature, due to hypertrophy
of the bone fragment ends. In this study, in the patients
admitted to the clinic we observed non-union atrophic
fractures accompanied by necrosis in the area of bone
wound margins leading to the formation of secondary se-
questra and, respectively, marginal bone defects after their
removal (Figure 3).

-

Figure 3. Pseudarthrosis of the atrophic type in the angle of the man-
dible

According to de Amaratugna [14], fractures in the angle
of an edentulous mandible are rare. The author observed
only three types of distribution of bilateral fractures by
their localization with injury in the condylar process region
in all cases. However, in our study, fractures in the man-
dibular angle area had the second highest prevalence in the
O, category. We observed 13 different variants of fracture
line localization in bilateral fractures. These differences
could be related to the higher number of observations in-
cluded in this study (337 versus 67).

‘ DOI: https://doi.org/10.2298/SARH200322046P
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Moreover, fractures in the condylar process region
were slightly less frequent then in patients with occlu-
sal contacts. Obviously, changes in the anthropometric
parameters in the area of condylar processes in cases of
mandibular atrophy do not essentially influence their re-
sistance to injury.

In the current study, we determined that the incidence
rate of fractures in the frontal portion of the edentulous
mandible is 1.5 x lower than in dentulous subjects.

The structure of etiological factors of mandibular frac-
tures differs by country and region; however, the fact that
in the absence of occlusal contacts fractures commonly oc-
curred following an insignificant impact confirms the view
of Barber [17] of decreased resistance of atrophied man-
dibles to damaging impact. Nevertheless, the frequency
of bilateral fractures was only slightly higher compared to
the group of patients with occlusal contacts. No significant
differences were found between the two groups by the F
category.

There is a widespread opinion expressed long ago by
Rowe and Killey [18] that in older patients the risk of
mandibular fracture infections is low, since in edentulous
mandibles the injury leads to the detachment of mucosa
and periosteum, whereas the fractures remain closed. On
the contrary, our data showed that open fractures were
diagnosed rather frequently not only in patients with oc-
clusal contacts, but in edentulous patients as well (Table 2).
This could be related to the decreased thickness of the mu-
cosa covering the alveolar region of the mandible, which
is observed in older patients [19]. Thus, the fracture area
communicates with the oral cavity, which can lead to its
infection.

The high frequency of bone fragment dislocation ob-
served in the patients included in this study correlates with
data reported by other authors [5, 7]. Obviously, the loss
of teeth is a significant risk factor contributing to the dis-
placement of splinters.

No unified clear algorithm for managing older patients
with mandibular fractures has been developed yet. In
practice, considering the presence of comorbidities and
atrophic changes in the injured area, there is a tenden-
cy to extend the indications for conservative treatment.
However, the results of this study show that such an ap-
proach is not justified, considering the high incidence rate
of open fractures and bone fragment dislocation, which
will negatively influence the probability of complications
and the subsequent quality of life of older subjects. By
contrast, stable fixation of bone fragments contributes to
the immediate recovery of the normal mandibular func-
tion [20]. Nonetheless, the application of bone plates and
screws causes an additional and rather significant injury,
which is associated with the risk of subsequent impairment
of blood supply to the mandible, including in the area of
injury itself [21]. In older patients, a shorter duration of
surgery should be attempted; however, the correct plate
placement requires a considerable amount of time due to
atrophic changes in the mandible [20]. In this regard, pre-
operative computer planning technologies are currently
being developed [22].
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To solve this issue, opposite surgical concepts are some-
times proposed. Some authors postulate the principle that
“The smaller the bone, the larger the plate” [13, 23], while
others insist on a minimally invasive approach [9, 24]. It
was experimentally shown that although the bone mass is
decreased, the minimal acceptable thickness of the bone
plate for an atrophied mandible should be at least 2 mm
[25], since without occlusal contacts the distribution of
load and the force generated by the multidirectional ac-
tion of the masticatory muscles are transmitted directly to
the injured area [13, 21]. Whether the use of bone trans-
plants or tricalcium phosphate with rhBMP-2, fixed by
an encircling suture or a locking plate [7, 13, 22, 26, 27],
is appropriate or whether the plate should be placed over
the periosteum, over the mucosa or directly on the bone
remains controversial [13, 21, 23, 28]. Overall, as shown
by the results of the most complete Cochrane Review by
Nasser et al. [29], there is no consensus on this issue, which
could be explained by the fact that most studies included
comparatively small numbers of observations due to the
relatively low incidence of such cases in clinical practice.

To date, there are no reliable randomized clinical trials
based on sufficient statistically significant material that
allows substantial advantages of a particular method of
treatment of older patients with mandibular fractures at
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the evidence level, which requires the continuation of the
relevant multicenter clinical studies [30].

CONCLUSION

Patients over 50 years of age represent a rather consistent
and statistically important subset of the general population
of individuals with mandibular fractures. At the same time,
anumber of clinical features determined by a background
of comorbidities and atrophic mandibular changes distin-
guish them from other age groups.

This study is the largest in literature by the included

number of people over 50 years of age with mandibular
fractures, including those with edentulous mandible, which
ensures the required level of representation, allowing reli-
able clinical characterization of this contingent of patients.
The presented material could be used for the development
of a complex treatment algorithm for elderly patients with
mandibular fractures, which would take into consider-
ation both general and local status. This task can be ac-
complished with a wide approach to the problem overall
rather than by separating different clinical aspects.
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KanHuuke KapPaKTepPUCTUKe npesioma Aobe BU/INLLE KoJ, 6onecHuKa

cTapujux oa 50 roguHa

AnekcaHgap C. [aHKpaToB

TpBM MOCKOBCKM [ipaBHN MeauLIMHCKI yHBep3uTeT /. M. CeueHos’, Kateppa 3a MakcunodaumjanHy xupyprujy, Mocksa, Pycka Oepepaumja;
Pycka MeaguLMHCKa akafieMunja KOHTUHYpaHoT NpodecroHanHor 06pa3oBara, Kateapa 3a ctomatonorujy, Mocksa, Pycka Gepepauyja

CAXETAK

YBop/LUnm Hajuewhe kopuriwheHe meToae neverba npesioma
[OHbe BUNULIE HUCY YBEK YCreLlHe Ko CTapujux 601ecHUKa,
300r cMatbera pereHepaTMBHe cnocobHocTu, nopemehaja
BaCKy/napu3sauuje, octeonopose, aTpopuuHux npomeHa. Op-
roBapajyhe npomeHe cy yecte Kog 6onecHrKa ctapujux og 50
roAMHa, HAPOUNTO Y NO3aAMHM rybuTKa Benukor bpoja 3y6a.
Linmb cTyamje je npernepn KAMHUYKNX KapaKTepUCTIKa Npenoma
[OHbe BUMMLIE KOA CTapujux 6onecHMKa Ha OCHOBY PeTPOCHeK-
TUBHE aHanu3e MeJuLMHCKe AOKYMEeHTaLuje.

Metope Mehy 6onecH/LMa ca NpefioMrMa oHe BUNULIE KOjii
cy 6vnu Ha neuetby 10 roarHa n3abpaHa je 1 aHanv3mpaHa rpy-
na 6onecHuka ctapmjux og 50 roguHa.

Pesyntatu Cryauja je oTkpuna 642 6onecHuKa ctapuja og 50
roavHa ca 1003 nmMHmje npesioma, WTo npeacTassba 8,53% yKyn-
Hor 6poja bonecHWKa ca npenommmMa gorbe sunuie. Komopou-

DOI: https://doi.org/10.2298/SARH200322046P

JWTET je AnjarHoCTMKoBaH y 67% cnyyajeBa. ipeHTndrkosaHe
Cy 3HavajHe pa3nvike y pacriofeny y4ectanocTu IMHuja npesno-
Ma NoKanu3aLnjom y 3aBMCHOCTU Of NPUCYCTBa WS OACYCTBa
OKJTy3VBHOT KOHTaKTa. BucoKa yyecTanoct oTBopeHux npenoma
1 AMCIOKaLuja KOCTHMX pparmeHata nprmeheHa je n kop ocoba
Ca OK/Y3MBHUM KOHTAKTOM 1 6e3 mera.

3akspyuak bonecHnum ctapumjy og 50 roguHa cy CTaTUCTUYKK
3HayajHa rpyna y onwuToj nonynaumju 6onecHriKa ca npenoMmma
[OHbE BUAMLIE Ca HU3OM KIIMHUYKUX KapakTepucTrka. Konuko
HaM je Mo3HaTo, OBa CTyAwja je Hajeha no yKibyueHoM 6pojy
CTapujux ocoba ca npenomrima ore BUnuLe, ykibyuyjyhu n
6e3y0by Aoty BUAKLY, Koja 06e36ehyje noTpebaH HUBO penpe-
3eHTaT!BHOCTH, oMoryhaBajyhiv moysgaHy KIMHUYKY KapakTe-
pri3aLyjy OBOT KOHTVHreHTa 6onecHuKa.

KmpyuHe peun: atpoduja fore BUNMLE; OKITY3Wja; afeHTuja;
cTapuju 6onecHnUn
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Are liver function biomarkers independently
associated with Framingham risk score in women?
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SUMMARY

Introduction/Objective Given the contradictory results regarding the association of liver function
biomarkers [e.g., alanine-aminotransferase (ALT), gamma-glutamyl transferase (GGT) and total biliru-
bin)] and the risk of cardiovascular disease (CVD), we aimed to explore the relationship between these
biomarkers and Framingham risk score (FRS), an established tool used in the prediction of 10-year CVD
risk in the cohort of women.

Methods A total of 278 women participated in this cross-sectional study. Anthropometric, biochemical
parameters, and blood pressure were obtained.

Results There was a significant increase in ALT and GGT activity, as well as a decrease in total bilirubin
level in the high-risk FRS group compared to moderate-, and low-risk FRS (p for trend = 0.025, p < 0.001,
p < 0.001, respectively). Multivariate logistic regression analysis showed that body mass index, triglycer-
ides, creatinine, and high sensitivity C-reactive protein levels were the independent predictors of FRS in
women [odds ratio (OR) = 1.234, p =0.001; OR = 2.856, p = 0.001; OR = 1.090, p = 0.002, and OR = 1.295,
p = 0.045, respectively]. In contrast, total bilirubin, ALT and GGT lost their independent predictions for
high CVD risk.

Conclusion Liver function biomarkers (i.e. ALT, GGT, and total bilirubin) are not independently associ-
ated with FRS. It seems that some other cardiometabolic disturbances might modulate this relationship.

Keywords: cardiovascular risk; inflammation; obesity; liver function

INTRODUCTION

Cardiovascular disease (CVD) in women is
still the leading cause of death in most devel-
oped and developing countries. In addition, the
manifestation of heart disease differs between
sexes, often leading to worse consequences in
women than in men [1]. Women at menopause
experience increased visceral obesity, insulin
resistance, and unfavorable hormonal milieu
compared with women in premenopausal pe-
riod, which leads to increased CVD risk [2].
On the other hand, women of reproductive age
with hypertensive disorders of pregnancy are
among the populations with the highest risk
for premature CVD [1].

So far, a larger number of researches deal-
ing with this pathology has been conducted
in men, but implies the need for the optimal
screening of women at high CVD risk [1].

Considering a complex phenotype of CVD,
a search for a variety of biomarkers that act via
different biological pathways, thus preceding
overt CVD, has been increased [2, 3]. Among
them, liver function biomarkers have shown to
be independently associated with CVD risk in
many studies so far [4, 5]. In addition, the as-
sociation between severity of ultrasonographic
nonalcoholic fatty liver disease (NAFLD), as the
commonest manifestation of hepatic disorder,
and cardiometabolic risk has been reported [6].

However, research papers lack consistency,
showing contradictory results on the utility
of liver function biomarkers when predicting
CVD risk [7-11]. There are also inconsisten-
cies when sex influence on this relationship is
concerned, as well as assumptions that associa-
tion of liver function biomarkers with CVD risk
was dependent on some other potential predic-
tors’ influence [12]. In line with this, although
concordant results show that aspartate amino-
transferase (AST) was not associated with an
increased risk for CVD [13], it is still a matter
of debate whether other liver function bio-
markers [i.e. alanine aminotransferase (ALT),
gamma glutamyl transferase (GGT), and total
bilirubin] have a causal role in the pathogen-
esis of CVD or they are just simple markers of
coexisting CVD risk factors [7-11].

Although the relationship between NAFLD
and cardiometabolic risk has been shown by
some previous reports, the underlying patho-
physiological mechanism of this association
has not yet been clarified [6]. We speculate that
obesity-related inflammation and dyslipidemia
might modulate the relationship between liver
enzymes and CVD risk, having in mind that
the highest prevalence of NAFLD is observed
in individuals with obesity or type 2 diabetes
mellitus (DM2), who have a two-fold risk in-
crease for the development and progression of
CVD [14, 15].
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Given the contradictory results regarding the relation-
ship of liver function biomarkers (i.e. ALT, GGT, and total
bilirubin) and risk for CVD, we aimed to explore the rela-
tionship between these biomarkers and Framingham risk
score (FRS), an established tool used in the prediction of
10-year CVD risk, in the cohort of women population [12].

METHODS
Study population

The examined cohort included 278 women who volun-
teered to participate in this cross-sectional study. All par-
ticipants were consecutively recruited into the study when
visiting the Primary Health Care Center in Podgorica,
Montenegro, for their regular check-up, between October
2012 and May 2016. Women were regarded to be post-
menopausal if they self-reported the absence of menstrual
bleeding for more than one year. Examined women were
considered to have DM2 based on previously described
criteria [14, 16].

Exclusion criteria for all the women were the following:
previously known CVD, type 1 diabetes mellitus, preg-
nancy, kidney diseases other than nephropathy, liver dis-
eases other than hepatic steatosis, ethanol consumption >
20 g/day, gout, high sensitivity C-reactive protein (hsCRP)
> 10 mg/L, malignant diseases, as well as unwillingness to
participate in the research.

A total of 70.1% women were overweight/obese, whereas
32.4% were with DM2. Also, the majority of women (82%)
were postmenopausal. A total of 14% of women used hy-
polipidemic drugs, whereas 26.3% were treated for hyper-
tension. A total of 29.1% of the patients used oral hypo-
glycemic drugs, and 3.2% of them were on insulin therapy.

Written informed consent was obtained from all the
patients. The research was carried out in compliance with
the Declaration of Helsinki, while the study protocol was
approved by the Ethical Committee of the Primary Health
Care Center in Podgorica, Montenegro.

Anthropometric measurements

All the participants’ anthropometric measurements’ pro-
ceedings have been described previously [15].

Biochemical analyses

Biochemical parameters [i.e. hsCRP, creatinine, glucose,
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c), tri-
glycerides (TG), uric acid, bilirubin, AST, ALT, and GGT],
were measured as described previously [14, 16].

Blood pressure was measured and glomerular filtra-
tion rate was estimated (eGFR), as was shown previously
[15, 16].

The FRS calculation included information on age, sex,
TC, HDL-c, smoking status, presence of diabetes, and
systolic blood pressure (SBP). Thereafter, the cohort of
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studied women was divided into low-risk (FRS < 10%),
moderate-risk (10% < FRS < 20%), and high-risk FRS sta-
tus (FRS = 20%) [17].

Statistical analyses

Distribution of data was tested with Kolmogorov-Smirnov
test. Comparisons of continuous normal and log-normal
variables were performed by ANOVA with the Tukey-
Kramer post hoc test for subgroup differences. Skewed dis-
tributed data were compared by Kruskal-Wallis post hoc
test. The data are shown as mean * standard deviation (SD)
for normally distributed data, geometrical mean [95% con-
fidence interval (CI)] for log-normal distributed data [18],
median (25th-75th percentile) for skewed distributed data,
and as relative frequencies for categorical variables. Analysis
of categorical variables was performed by using the x* test
for contingency tables. Categorical variables were coded
as follows: smoking status (0 — non-smoker, 1 — smoker);
diabetes mellitus (0 — without diabetes mellitus, 1 - pa-
tients with diagnosed diabetes mellitus), menopausal status
(0 — premenopausal, 1 - postmenopausal) and therapy (0
- no therapy, 1 - therapy). To estimate the correlation be-
tween the examined cardiometabolic parameters with FRS,
Spearman’s correlation analysis was performed. The data
were given as correlation coefficient (p). Independent asso-
ciations between high FRS and cardiometabolic parameters
were tested by univariate and multivariate binary logistic
regression analyses. The low FRS category was coded as
0, while the medium and high FRS categories were coded
as 1. To examine independent predictions of continuous
variables, multivariate adjustment was made for all con-
tinuous variables which did not enter the FRS calculation,
and which significantly correlated with FRS (p < 0.05), as
well as categorical variables which were not included in the
FRS calculation, and which showed unequal distribution
between low-, moderate-, and high-risk FRS groups. Odds
ratio (OR) and the 95 CI were estimated. The explained
variation in FRS was given by Nagelkerke R? value. The
Hosmer-Lemeshow test was used to examine if there was
a linear relationship between the predictor variables and
the log odds of the dependent variable. Receiver operating
characteristic (ROC) curve analysis was used to examine
diagnostic performance of each cardiometabolic param-
eter and the model, as well as to discriminate women with
moderate and high FRS from those with low FRS. The area
under the ROC curve (AUC) of 0.5-0.7 suggested that diag-
nostic test had low accuracy; 0.7-0.8 satisfactory accuracy,
0.8-0.9 good accuracy, while AUC higher than 0.9 sug-
gested excellent accuracy of the diagnostic test [19]. A p-
value less than 0.05 was considered statistically significant.
All statistical calculations were performed in the PASW®
Statistics, Version 18 (SPSS Inc., Chicago, IL, USA).

RESULTS

Table 1 summarizes general characteristics of the study
groups according to their calculated FRS. Women in the

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):423-429



Liver function biomarkers and their relationship with FRS in women

Table 1. General characteristics of the studied patients

Characteristics Low risk Moderate risk High risk
(FRS < 10%) (10% < FRS < 20%) (FRS = 20%) p

n 144 65 69

Age, years 53 (48-57) 61 (55-64)*" 66 (61-70)2">" <0.001
BMI, kg/m? 25.5(22.7-28.3) 28.3(26.2-33.3)*" 31.2(28.7-33.9)">" < 0.001
SBP, mmHg 125 (110-135) 150 (130-158)* 140 (130-155)*" <0.001
DBP, mmHg 76 (68-86) 90 (80-97) 80 (75-90)* <0.001
Smokers, % 8.33 3.08 17.40 0.015
Diabetes mellitus, % 4.86 35.38 87 <0.001
Menopausal status, % 69.44 95.38 95.65 < 0.001
Hypolipidemics, % 0.69 13.85 42.03 <0.001
Antihypertensives, % 2.78 26.15 75.36 <0.001
Oral antidiabetics, % 417 29.23 81.16 < 0.001
Insulin therapy, % 0.69 4.62 7.25 0.032

Data are presented as median (interquartile range) and compared by Kruskal-Wallis test; categorical variables are presented as relative frequencies and com-

pared by ¥ test;

BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic blood pressure; FRS — Framingham risk score;

asignificantly different from the first group; post-hoc Kruskal-Wallis test;
bsignificantly different from the second group; post-hoc Kruskal-Wallis test;
*)

p <0.05

Table 2. Clinical parameters of women in different Framingham risk score groups

Parameters Low risk Moderate risk High risk p
(FRS < 10%) (10% < FRS < 20%) (FRS > 20%)

TC, mmol/L 5.97+1.16 6.34+1.11 593+1.26 0.125
HDL-c, mmol/L 1.71+£0.43 1.46 +0.33% 1.25 +0.29* <0.001
LDL-c, mmol/L 3.77 £1.09 419+£1.12 3.72+1.21 0.052
TG, mmol/L* 1.18(1.11-1.27) 1.76 (1.59-1.95)* 2(1.78-2.23)" < 0.001
Glucose, mmol/L** 5.2 (4.9-5.6) 6.0 (5.2-7.2)< 7.0(6.2-8.1)"¢" <0.001
Creatinine, umol/L** 57 (51-62) 59 (54-65) 64 (57-74) <0.001
Uric acid, pmol/L* 235 (226-245) 277 (254-302)* 300 (282-320)" < 0.001
Total bilirubin, umol/L** 7.20 (5.80-9.32) 7.10 (5.20-9.85) 5.70 (4.17-7.12)<"¢ < 0.001
HsCRP, mg/L* 0.87 (0.74-1.02) 1.62(1.23-2.14)* 2.33(1.88-2.89)" < 0.001
AST, U/L* 18 (15-21) 18 (16-22) 18 (16-22) 0.352
ALT, U/L*H 17 (13-22) 21 (14-27)¢ 19 (15-27) 0.025
GGT, U/L+ 11(9-16) 14 (10-16) 17 (14-25)<"¢" <0.001

Data are presented as arithmetic mean + SD and compared with Student’s t-test;

TC - total cholesterol; HDL-c - high density lipoprotein cholesterol; LDL-c — low density lipoprotein cholesterol; TG - triglycerides; hsCRP — high-sensitivity C-
reactive protein; AST — aspartate aminotransferase; ALT — alanine aminotransferase; GGT - gamma-glutamyl transferase; FRS — Framingham risk score;

*log-normal distributed data are presented as geometric mean (95% Cl) and compared with Student’s t-test after logarithmic transformation;
**skewed distributed data are presented as median (interquartile range) and compared with Mann-Whitney U-test;

asignificantly different from the low risk group; post-hoc Tuckey-Kramer test;
bsignificantly different from the medium risk group; post-hoc Tuckey-Kramer test;
<significantly different from the low risk group; post-hoc Kruskal-Wallis test;
dsignificantly different from the medium risk group; post-hoc Kruskal-Wallis test;
*p < 0.05

high-risk FRS group were older and had higher body
mass index (BMI) than those in low-and moderate-risk
FRS groups. Also, women in the moderate-risk FRS group
were older and had higher BMI than women in the low-risk
group. SBP and DBP were significantly lower in the low-risk
FRS group than in the moderate- and high-risk group. As
expected, the high-risk FRS group had significantly higher
percentage of smokers, women with DM2, women on hypo-
lipidemic, antihypertensive, oral hypoglycemic and insulin
therapies, compared to low- and moderate-risk FRS groups.
Higher percentage of postmenopausal women were in the
moderate- and high- FRS group than in the low-risk one.
Although TC was entered into the FRS calculation
algorithm, its concentration was not significantly differ-
ent between low-, moderate-, and high-risk FRS group of
women (Table 2). The HDL-c concentration was higher
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in the first than in the second and third risk group. Also,
its concentration was higher in the moderate- than in the
high-risk FRS group. The opposite was found for glucose
concentration in women. Moreover, TG, creatinine, uric
acid, and hsCRP concentrations were higher in the mod-
erate- and high-risk FRS groups than in the first one. The
lowest bilirubin concentrations were determined in the
high-risk FRS group. ALT activities were higher in the
moderate- than in the low-risk FRS group, whereas GGT
activities were the highest in the high-risk FRS group.

Beside parameters used in its algorithm, FRS signifi-
cantly positively correlated with BMI, DBP, TG, glucose,
creatinine, uric acid, hsCRP, ALT, and GGT. Significant
negative correlations were established between FRS and
HDL-c, which was used for its calculation, and between
FRS and total bilirubin (Table 3).
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Table 3. Bivariate Spearman’s correlation analysis between Framing-
ham risk score and other general and clinical parameters

Parameters FRS
P P

Age, years 0.703 <0.001
BMI, kg/m? 0.578 <0.001
SBP, mmHg 0.606 < 0.001
DBP, mmHg 0.447 <0.001
TC, mmol/L 0.172 0.004
HDL-c, mmol/L -0.510 <0.001
LDL-c, mmol/L 0.201 0.001
TG, mmol/L* 0.559 <0.001
Glucose, mmol/L** 0.639 <0.001
Creatinine, umol/L*™* 0.279 < 0.001
Uric acid, pmol/L* 0.459 < 0.001
Total bilirubin, umol/L** -0.241 <0.001
HsCRP, mg/L* 0.435 <0.001
AST, U/L*+ 0.035 0.564
ALT, U/L*™ 0.120 <0.001
GGT, U/L*™ 0.407 <0.001

BMI - body mass index; SBP - systolic blood pressure; DBP - diastolic blood
pressure; TC - total cholesterol; HDL-c - high density lipoprotein cholesterol;
LDL-c - low density lipoprotein cholesterol; TG - triglycerides; hsCRP - high-
sensitivity C-reactive protein; AST - aspartate aminotransferase; ALT - alanine
aminotransferase; GGT — gamma-glutamyl transferase; FRS — Framingham risk
score

*log-normal distributed data are presented as geometric mean (95% Cl) and
compared with Student’s t-test after logarithmic transformation;

+*skewed distributed data are presented as median (interquartile range) and
compared with Mann-Whitney U-test

Table 4. Odds ratios (OR) after univariate and multivariate logistic re-
gression analysis for parameters predicting Framingham risk score risk

Predictors ggig{;j}tgﬁ p NageRII;erke
BMI, kg/m? 1.300(1.210-1.396) | 0.015 0.328
TG, mmol/L 4.358 (2.817-6.743) | <0.001 0.273
Creatinine, umol/L 1.060 (1.033-1.088) | < 0.001 0.120
Total bilirubin, umol/L | 0.915 (0.854-0.980) | 0.011 0.036
HsCRP, mg/L 1.375(1.204-1.571) | <0.001 0.132
ALT, U/L 1.028 (1.003-1.054) | 0.021 0.025
GGT, U/L 1.026 (1.004-1.049) | 0.021 0.032
Model O';d(JQUSSOt/oechI) o NageRIl;erke
BMI, kg/m? 1.234(1.088-1.399) | 0.001

TG, mmol/L 2.856 (1.545-5.277) | 0.001 0725
Creatinine, pmol/L 1.090 (1.033-1.150) | 0.002 (for the
Total bilirubin, pmol/L | 0.930 (0.823-1.052) | 0.249 | Mmodel)
HsCRP, mg/L 1.295(1.085-1.490) | 0.045

ALT, U/L 1.008 (0.955-1.063) | 0.782

GGT, U/L 1.003 (0.963-1.004) | 0.893

Model: BMI, DBP, LDL-c, TG, creatinine, uric acid, total bilirubin, hsCRP, ALT, and
GGT (all continuous variables); menopausal status and hypolipidemic therapy
(categorical variable);

BMI - body mass index; TG - triglycerides; HsCRP — high-sensitivity C-reactive
protein; ALT - alanine aminotransferase; GGT - gamma-glutamyl transferase

Logistic regression analysis was used to test if any of
cardiometabolic parameters which were not used in FRS
algorithm and showed significant correlations (p < 0.05)
with FRS, had potential to predict high CVD risk (Table
4). Those predictors were continuous variables such as
BMI, DBP, LDL-c, TG, creatinine, uric acid, total biliru-
bin, hsCRP, ALT, and GGT, as well as categorical variables
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such as menopausal status and hypolipidemic therapy.
Predictors were unadjusted and adjusted for other param-
eters and tested by univariate and multivariate analysis,
respectively (Table 4). Significant OR for tested predic-
tors from univariate analysis were shown in Table 4. It was
shown that BMI, TG, creatinine, total bilirubin, hsCRP,
ALT, and GGT were significant predictors for higher FRS.
As BMI rose for 1 kg/m? TG for 1 mmol/L, creatinine for
1 pmol/L, hsCRP for 1 mg/L, ALT for 1 U/L, and GGT for
1 U/L, probability for higher CVD risk rose by 30%, 4.358
times, 6%, 37.5%, 2.8%, and 2.6%, respectively. As total
bilirubin concentration rose by 1 pmol/L, probability for
higher CVD risk decreased by 8.5%. Nagelkerke R? showed
that each predictor in univariate analysis, BMI, TG, creati-
nine, total bilirubin, hsCRP, ALT, and GGT could explain
the variation in higher risk for CVD occurrence by 32.8%,
27.3%, 12%, 3.6%, 13.2 %, 2.5%, and 3.2%, respectively. All
predictors tested in univariate analysis (BMI, DBP, LDL-c,
TG, creatinine, uric acid, total bilirubin, hsCRP, ALT, GGT,
menopausal status, and hypolipidemic therapy) were fur-
ther tested in multivariate logistic regression analysis in
order to determine their independent association with high
FRS. Namely, four parameters having significant odds in
univariate analysis (BMI, TG, creatinine, and hsCRP) kept
independent predictive power for high CVD risk in the
model. In contrast, total bilirubin, ALT, and GGT lost their
independent predictions for high CVD risk. In multivariate
analysis, as BMI rose by 1 kg/m?, TG by 1 mmol/L, cre-
atinine by 1 umol/L, and hsCRP by 1mg/L, probability
for higher CVD risk rose by 23.4%, 2.856 times, 9%, and
29.5%, respectively. Nagelkerke R*of 0.725 showed that
the model could explain 72.5% of variation in the FRS.

Thereafter, a ROC analysis was used to discriminate
women with low risk from those with moderate and high
risk of developing CVD (Table 5). The calculated AUC
for BMI, TG, and hsCRP indicated satisfactory accuracy,
whereas ROC analysis showed low accuracy for creatinine,
total bilirubin, ALT, and GGT as diagnostic tools. The cal-
culated AUC for the model (which included BMI, DBP,
LDL-c, TG, creatinine, uric acid, total bilirubin, hsCRP,
ALT, GGT, menopausal status, and hypolipidemic therapy)
was 0.944, which suggested excellent clinical accuracy.
Also, the model had higher sensitivity than single predic-
tors (Table 5, Figure 1).

DISCUSSION

The findings of the current study reveal that liver func-
tion biomarkers (i.e. ALT, GGT, and total bilirubin) are
not independently associated with FRS, even though there
was a significant increase in ALT and GGT activity, as well
as a decrease in total bilirubin level in the high-risk FRS
group compared to the moderate- and low-risk FRS group
(Table 2). In addition, although all these biomarkers cor-
related with FRS in Spearman’s non-parametric correla-
tion analysis (Table 3), in multivariate logistic regression
analysis these biomarkers lost their independent predic-
tions for high CVD risk (Table 4). This may give rise to the
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Table 5. Receiver operating characteristic analysis for single parameters
and the model discriminatory abilities regarding Framingham risk score

in the studied patients

that ALT level is not a reliable marker for screening
for the CVD occurrence in the general population [7],

whereas some of them found an inverse relationship
between ALT levels in the normal range and adverse

cardiovascular and non-cardiovascular outcomes [24].
Similar discordant results were also found for

bilirubin. While some studies report its independent

relationship with CVD risk [5, 9], others claim the op-
posite [11]. Moreover, the addition of total bilirubin to

traditional risk factors showed no significant improve-
ment in prediction of CVD risk [9].

There is also sex difference concerning the relation-
ship between liver enzymes and CVD risk, showing

that GGT was positively associated only with higher

levels of FRS in women, but not in men [12]. On the
other hand, ALT showed a significant inverse relation-

Predictors (9';5/1%) SE Sen(sc;gi)vity Spe(co;)f“;city p

BMI, kg/m? (0.722';8_%(.)845) 0026 | 81 66 | <0001
TG mmolL | o0l g 0027 | 83 64 | <0001
Core | 95 0w o
HSCRRmMO/L | (o o o) 10029 | 79 58 | <0001
ALT, U/L 0505 o661y | 0034 | 79 37 | 0006
GGT, U/L 063 orss) | 0031 63 70 | <0.001
Model 0910 0.968) | 0012 90 83 | <0001

ship with FRS in men, while this relationship remained
significant in women only for lower and intermediate

Model: BMI, DBP, LDL-c, TG, creatinine, uric acid, total bilirubin, hsCRP, ALT and
GGT (all continuous variables); menopausal status and hypolipidemic therapy
(categorical variable);

AUC - area under the ROC curve; BMI - body mass index; TG - triglycerides;
hsCRP - high-sensitivity C-reactive protein; ALT — alanine aminotransferase;
GGT-gamma-glutamyl transferase
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Figure 1. Discriminatory ability of the model regarding cardiovascular
disease risk

assumption that these biomarkers might only be bystand-
ers in CVD prediction, instead of direct contributors to
CVD onset and progression.

Indeed, previous findings have shown that the association
of GGT with FRS is dependent on the other potential predic-
tors [12]. Furthermore, the addition of GGT to traditional
risk factors does not improve CVD risk prediction [8, 20].

Concerning the ALT activity in relation to CVD risk,
several large sample studies reported that ALT is positively
associated with CVD events and long-term mortality in
middle-aged adults, independently of other cardiometa-
bolic factors [21, 22, 23]. However, some others suggest
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FRS status [12].

We speculate that some other cardiometabolic dis-
turbances (e.g. obesity-related dyslipidemia and in-
flammation) might modulate the relationship between
liver function biomarkers and CVD risk. In line with
this, unlike liver function biomarkers (i.e. ALT, GGT,

and total bilirubin), BMI, TG, hsCRP, and creatinine were
the independent predictors of FRS in women in our study
(Table 4), showing that as BMI rose by 1 kg/m?, TG by
1 mmol/L, creatinine by 1 umol/L, and hsCRP by 1mg/L,
probability for higher CVD risk rose by 23.4%, 2.856 times,
9%, and 29.5%, respectively, suggesting that the mentioned
model could explain as much as 72.5% of variation in
the FRS. Moreover, a ROC analysis used to discriminate
women without low risk from those at moderate and high
risk for developing CVD, revealed that calculated AUC
for BMI, TG, and hsCRP indicated satisfactory accuracy,
whereas ROC analysis showed low accuracy for creatinine,
total bilirubin, ALT, and GGT as diagnostic tools (Table 5).

One of the potential explanations for such findings may
lie in the obesity status and its relationship with CVD [25].
In our study, a total of 70.1% of examined women were over-
weight/obese. Moreover, the majority of individuals with
NAFLD are obese [15], which was found to be the inde-
pendent risk factor for progression of this hepatic disorder
[6]. Namely, in the obese state, an increase in free radicals’
production, a decrease in antioxidant defense [14, 26], as
well as low-grade inflammation with consequent insulin re-
sistance [15, 27], lead to an increased free fatty acids hepatic
influx. These pathophysiological processes further aggravate
increased lipogenesis and triglyceride storage, thus promot-
ing dysfunction of hepatocytes [28]. All of these metabolic
disturbances may lead to increased ALT and GGT activity,
and to a decreased bilirubin level [6, 25]. Moreover, not only
do high levels of free fatty acids in addition to insulin resis-
tance lead to hepatocytes dysfunction, but they also promote
endothelial dysfunction, reduce production of nitric oxide,
vasoconstriction, and inflammation with consequent initia-
tion and progression of atherosclerosis [29, 30], thus further
supporting the link between obesity, high triglycerides, and
inflammation level and CVD.
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The limitations of this study need to be reported. Namely,
the cross-sectional design of our study does not allow us to
establish the causal link between liver function biomarkers
and CVD risk. Also, we have included only women popula-
tion in our study. Thus, longitudinal studies comprising both
sexes are needed to explore the mechanism of this relation-
ship in order to elucidate if liver function biomarkers have
a causal role in the pathogenesis of CVD.

CONCLUSION

Liver function biomarkers (i.e. ALT, GGT, and total
bilirubin) are not independently associated with FRS. It
seems that some other cardiometabolic disturbances (e.g.
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obesity-related dyslipidemia and inflammation) might
modulate this relationship. New large sample-size studies
with longitudinal design and with both sexes included are
needed to clarify the potential mechanism of the relation-
ship between liver function biomarkers and CVD risk.
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[a nun cy 6uomapkepu GyHKUMje jeTpe He3aBUCHO NoBe3aHU ca PpamUHIXamCKUM

CKOPOM 33 PU3MK Y KEHCKOj nonynaunju?

AnekcaHgpa Knucuh', Hebojwa Kasapuh', AHa HuHnh?

'YHuBep3utet LipHe Tope, MeguumHcku dakynTer, [lom 3apaBrba, Mogropuua, LipHa lopa;
2YHneep3uTeT y beorpagy, DapmaLeyTcku pakyntet, Oncek 3a MefuUMHCKY bruoxemujy, beorpag, Cpbuja

CAXETAK

YBoa/Linmb C 0631MpOM Ha KOHTPaAMKTOPHE pe3ynTaTe Koju ce
OAHOCE Ha NoBe3aHoCT Griomapkepa dyHKUuje jeTpe [anaHuH-
amviHoTpaHcoepase (AJIT), rama-rnyTamun TpaHchepase (ITT)
1 yKynHor 6unmpy6buHa)l n pusimka 3a nojaBy KapAmMoBacKy-
napHux 6onecty, Lusb CTyavje je 1o Aa ce ncnmTa NoBe3aHoCT
n3mehy oBuUx bruomapkepa 1 GpammHrxamcKor ckopa 3a prsmK
(OCP), anropmtma 3a npoLeHy 10-roguLlkb-er pusriKa 3a nojaBy
KapanoBacKynapHUx 60necT y KOXOPTY XeHCKe nonynauuje.
MeTopae Y 0BOj CTyAMju NpeceKka y4ecTBOBASIO je YKYmnHO 278
*eHa. MepeHu cy aHTPOMOMETPHjCKU, BUOXEMMJCKI MapamMeTpu
1 KPBHY MPUTUCAK.

Pesyntatu YoueH je CTaTUCTMYKM 3HaYajaH NOPaCT akTUBHOCTM
AT n ITT, Kao v nag BPeSHOCTY YKYMHOF 6unmpy6uHa y rpynu
ca Brcokum ctatycom OCP, y nopehetby ca cpefitbyimM U HACKM
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OCP (p=0,025,p < 0,001, p < 0,001, pegom). MynTmBapumjaHTHa
NOTNCTUYKa PerpecroHa aHanun3a nokasasna je fa cy UHAeKC
TeNeCcHe mMace, BPegHOCTV TPUFIULEPUAR, KpeaTUHHA 1 BICO-
KOOCET/bUBOT C-PeAKTVBHOT MPOTENHA HE3aBUCHW NMPeANKTOPY
OCP kop xeHa (OR = 1,234, p = 0,001; OR = 2,856, p = 0,001;
OR=1,090, p =0,002 n OR = 1,295, p = 0,045, pegom). C gpyre
CTpaHe, yKynHu 6unupy6uH, AJTT u ITT cy n3ry6unu HeaBucHy
npefuKLyjy 3a BUCOKM PU3MK 3a MojaBy KapAnOoBacKynapHuX
6onectu.

3akmyuak briomapkepu dyHkupje jetpe (Tj. AJIT, ITT 1 yKynHu
6unmpy6uH) Hrcy He3aBUcHO nose3aHu ca OCP. MpeTtnocTaBba
ce [ia HeKV Apyrv KaparomeTtabonnyku nopemehaju mory yu-
LIaTV Ha OBY NMOBE3aHOCT.

KrbyuHe peun: pri3uK 3a nojaBy KapavioBacKynapHux 6onecty;
nHbnamauuja; rojasHocT; dyHKUWja jeTpe
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SUMMARY

Introduction/Objective The purpose of the Echocardiographic Society of Serbia (ECHOS) national survey
was to assess current echocardiography practice in Serbia, the availability of different echocardiographic
techniques and self-perceived need for improvement at personal and institutional level.

Methods A survey comprising 20 questions about demographics, numbers and distribution of echo-
cardiographic equipment and techniques, image acquisition and reporting standards as well as future
educational preferences was sent to all ECHOS members via email.

Results A total of 106 members (42%) answered the survey. Echocardiographic examinations are most
frequently performed by cardiologists and internal medicine specialists. Transesophageal echocar-
diography (TOE), stress echocardiography (SECHO) and speckle tracking echocardiography (SpTE) are
available in approximately 20% of centers, three-dimensional echocardiography in 11%, while contrast
echocardiography is practiced in only two centers. Less than a third of respondents always attach elec-
trocardiographic electrodes and archive examinations. Almost all respondents (96%), always evaluate
both systolic and diastolic function of the left ventricle (LV), although systolic LV function is frequently
assessed (55%) using non-standard methods. The newer echocardiographic machines are more often
available at university than non-university centers (87 versus 44%, p < 0.01). SECHO was perceived as the
most needed technique at the institutional level, while SpTE and TOE were most often reported personal
aspirations of the respondents.

Conclusion Advanced techniques, SECHO and TOE are needed but rarely performed outside the university
hospitals in Serbia. In order to achieve a better adherence to standards of practice in echocardiography,
the development of national guidelines and personal and laboratory accreditation seem warranted.
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INTRODUCTION

Echocardiography is a cornerstone clinical tool
used for the diagnosis, treatment, and follow up
of patients with cardiovascular diseases [1]. It
is the most frequently used imaging modality
in a clinical cardiology [2]. Furthermore, the
need for using echocardiography not only by
cardiologists, but also by non-cardiologists, is
rising [3, 4, 5]. In Serbia, echocardiography was
implemented shortly after its introduction at the
world stage and it has been used extensively ever
since. Notwithstanding the long history of avail-
ability and widespread use of echocardiography,
at the moment, there are no national guidelines
for practice and implementation of echocar-
diography in Serbia. In addition, there is neither
individual nor laboratory accreditation at the
national level and the current echocardiogra-
phy standards in Serbia are largely unknown.

The mission of the Echocardiographic society
of Serbia (ECHOS) is to foster development of
echocardiography by promoting and advocat-
ing personal and institutional high standards
of practice, education and research in the field
of echocardiography in Serbia. Setting up the
national standards and guidelines for clinical
practice, education, and training is an impor-
tant step towards optimal use, quality improve-
ment, and modern practice of echocardiogra-
phy. However, a complete lack of data on the
usage, international guideline implementation,
and educational needs in echocardiography in
Serbia is a serious challenge.

In order to adequately address the edu-
cational needs in echocardiography, and to
develop the national recommendations and
standards, ECHOS conducted a survey to dem-
onstrate the current state of echocardiography
practice in Serbia.
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METHODS

The survey was conducted by the ECHOS Scientific
Initiatives, Membership, and affiliations Committees from
June 6 to August 16, 2019. A questionnaire comprising 20
questions about demographics, numbers and distribution
of echocardiographic equipment and techniques, image
acquisition and reporting standards as well as educational
preferences was sent to all ECHOS members (a total of 254
members at the time of conducting the survey) via email.
The data were gathered and analyzed using commercially
available software PASW Statistics, version 18, (SPSS Inc.,
Chicago, IL, USA). Categorical data were summarized by
proportions and compared using a Fisher’s exact test. All
statistical tests were two-tailed, and a p-value < 0.05 was
considered significant.

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.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research commit-
tee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. All ECHOS
members received the survey and accompanying cover
letter stating the intention of academic publication of the
obtained data.

RESULTS

Overall, 106 ECHOS members (42%) from all regions of
Serbia, including Kosovo and Metohija, answered the survey.
The majority of respondents (42%) were affiliated with uni-
versity hospitals, 29% were employed in general hospitals,
20% in private cardiology practices, and 9% in community
health centers. Respondents’ general characteristics are sum-
marized in Table 1. Most respondents were female, older
than 35 years, with more than 10 years of experience in
echocardiography. In Serbia, echocardiography is performed
almost exclusively by physicians while echo sonographers
are currently employed in only one echocardiography labo-
ratory. Physicians performing echocardiography have dif-
ferent educational backgrounds and are at different levels
of training. In the vast majority of centers, echocardiog-
raphy was performed by cardiologists (92%), followed by
residents or fellows (24%; only at university centers) and
internal medicine specialists (22%). Only 4% of respondents
reported that radiologists (2%), anesthesiologists (1%) and
emergency medicine specialists (1%) also perform echo-
cardiographic examinations at their centers. Expectedly,
transthoracic echocardiography (TTE) was available in all
centers, but almost 65% of responders refer their patients for
further evaluation to expert centers. Other echocardiograph-
ic techniques, both standard and advanced, were significant-
ly less distributed among cardiology centers in Serbia (Table
1). The introduction of stress echocardiography (SECHO)
and transesophageal echocardiography (TOE) to the ex-
isting echocardiographic armamentarium was considered
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Table 1. Characteristics of respondents and summary of available and
most needed echocardiographic techniques at personal and institu-
tional level

Characteristic %

Age (years)

<35 7
35-50 57

>50 36

Sex (male/female) 35/65
Experience in echocardiography (years)

<5 35

5-10 17

>10 48
Echocardiographic techniques available at the center
Transthoracic echocardiography 100
Transesophageal echocardiography 20
Dobutamine stress echocardiography 22
Exercise stress echocardiography 22
Speckle tracking strain echocardiography 19
Three-dimensional echocardiography 1
Coronary flow reserve testing 8
Agitated saline contrast study 32
Contrast echocardiography 8

Most desired/needed new techniques Personal | Institutional
None 12 23
Transesophageal echocardiography 41 27
Dobutamine stress echocardiography 45 34
Exercise stress echocardiography 31 21
Speckle tracking strain echocardiography 48 26
Three-dimensional echocardiography 37 13
Coronary flow reserve testing 25 20
Agitated saline contrast study 12 7
Contrast echocardiography 16 13

the most needed improvement of the respondents’ centers.
Respondents’ personal educational preferences were strain
echocardiography, SECHO, and TOE. Contrast echocar-
diography was the least available but also the least desired
technique, both at personal and institutional level (Table 1).

Equipment, standard practice, and indications for
echocardiography

Most common indications for echocardiography are car-
diomyopathies (79%), coronary artery disease (76%), val-
vular heart diseases (70%), hypertension (63%), arrhyth-
mias (58%), and pulmonary embolism (47%). There are
significant variations among echocardiography laborato-
ries in Serbia with regard to the equipment and standard
echocardiography practice (Table 2). A daily workload
ranges from up to five examinations (35% of respondents),
5-10 (34%) to more than 10 examinations (31%).

Most responders (59%) have 15-30 minutes to complete
an echocardiographic study, 24% have less than 15 min-
utes, while 16% have approximately 30-45 minutes. Only
one respondent (0.9%) usually has more than 45 minutes
for examination.

Electrocardiographic (ECG) electrodes are attached to
the patient during each echocardiographic examination by
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Table 2. Characteristics of echocardiographic examinations and equip-
ment

Characteristic %
Number of examinations

< 5 per week 9
< 5 per day 26
5-10 per day 34
> 10 per day 31
Average duration of examination

< 15 minutes 24
15-30 minutes 59
30-45 minutes 16
> 45 minutes 1

The need for additional expertise/supervision

Never 36
Sometimes 50
Often 14
ECG electrodes during examination

Always 27
Sometimes 37
Never 36
Recording and archiving of examinations

Always 39
Sometimes 41
Never 20
The age of the newest echocardiographic machine

< 5years 61
5-10 years 19
> 10 years 20

ECG - electrocardiography

27% of respondents, occasionally by 37%, while 36% never
obtain ECG signal during echocardiographic examination.
All echocardiographic studies are being recorded and ar-
chived by 39% of respondents, 41% do this occasionally
and 20% never record or store their examinations. The
practice of attaching ECG electrodes and archiving exams
is significantly more employed by physicians from univer-
sity hospitals than by their colleagues from non-university
centers (p < 0.01, for both) (Figures 1 and 2).

Almost all respondents (96%), always evaluate systolic
and diastolic function of the left ventricle (LV), although
systolic LV function is frequently assessed (55%) using
non-standard methods (M-mode based Teichholz for-
mula was reported by 24% and visual assessment by 31%
of respondents). The newer echocardiographic machines
(purchased over the last five years) are more often available
at university than non-university centers (87% versus 44%,
p < 0.01, Figure 3). Approximately 20% of respondents
reported that the last echocardiographic machine at their
center was purchased more than 10 years ago.

DISCUSSION
This is the first survey carried out by the ECHOS about
the current echocardiography practice in Serbia. The scope

of the survey and the response rate are in agreement with

‘ DOI: https://doi.org/10.2298/SARH200125032S
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& Non-university centers

Sometimes i University centers

Never
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Figure 1. The practice of electrocardiographic electrodes attachment
during echocardiographic examination in university versus non-uni-
versity centers

%
“ Non-university centers
Sometimes i University centers
Never i 1

Figure 2. The practice of recording and archiving of echocardiographic
examinations in university versus non-university centers

%
<5 years
“ Non-university centers
5-10 years W University centers

> 10 years 2

‘IJ‘IJ”J

Figure 3. The age of the newest echocardiographic machine in uni-
versity versus non-university centers

similar surveys conducted by the European and British
cardiac imaging societies [6, 7]. The majority of echocar-
diographers (48%) who answered the survey had more
than ten years of echocardiographic practice, which is in
line with a trend of rapid aging of the healthcare work-
force in the EU and Serbia [8]. The majority of respondents
were from university hospitals whose echocardiography
standards are, on average, at the higher level compared to
non-university centers in terms of equipment and technical
aspects of examination (ECG electrodes attachment and
exams archiving). These three components of echocar-
diography practice are also measures of quality and, for
the time being, are not at the satisfactory level in Serbia.
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While equipment renewal depends on financial solvency
of the center and society, regular ECG electrodes attach-
ment and exams archiving policy are inexpensive, purely
technical issues entirely dependent on the human factor,
i.e. attitude of the echocardiography laboratory director.
It is important to note that many advanced echocardio-
graphic techniques (e.g. strain and 3D echocardiography)
are technically impossible without a stable ECG signal.
On the other hand, advantages of recording and archiving
exams are numerous, including medico-legal issues, the
possibility of off-line analysis for clinical purposes, re-
search, and education, as well as comparison of patient
examinations recorded at different time points. Although
routine ECG electrodes attachment and exam archiving
are significantly more frequently performed in the uni-
versity setting, it is surprising that these basic technical
aspects of echocardiographic examination are not regularly
implemented in a large proportion of patients examined
in university hospitals. The activities to raise awareness
of these quality issues regarding image acquisition will be
among the ECHOS priorities. In Serbia, echocardiography
is performed mostly by cardiologists and internal medicine
specialists. It should be noted, in a significant number of
university centers, exams are being performed by residents
or fellows whose reports should be supervised and signed
by fully trained senior physicians.

In the past, some of the best echocardiographers in
Serbia were technicians/nurses, while the current survey
revealed that only one center has echo sonographers per-
forming examinations. There are many potential reasons
for the lack of motivation of technicians/nurses to pursue a
career of echo sonographer and the ECHOS will acknowl-
edge their value by establishing the committee for echo
sonographers within the association. Finally, with min-
iaturization of ultrasound devices and rising availabilities
for training, echocardiography became attractive to non-
cardiologists [3, 4]. There is a trend of increasing use of
echocardiography in emergency settings by non-cardiol-
ogists, i.e. emergency physicians, intensive care specialists,
anesthesiologists, cardiac surgeons, and cardiac physiolo-
gists [9]. Our survey revealed that only a small percentage
of non-cardiologists (radiologists, anesthesiologists, and
intensive medicine specialists) are currently using echo-
cardiography in their practice. The ECHOS supports this
trend but insists on high-quality training and will work
towards establishing education and accreditation in focus
cardiac ultrasound on European and national level.

A daily caseload varied to a great extent, with two thirds
of respondents performing more than five examinations,
and approximately one third more than 10 examinations.
In addition, the majority of respondents have less than 30
minutes to complete the examination. The ECHOS sup-
ports quality over quantity and with that also supports
international standards (45 minutes per examination -
for image acquisition and reporting) as good practice to
maintain quality and prevent musculoskeletal injuries of
echocardiographers [10, 11].

The deviations from the proposed guidelines of
chamber quantification seem to be another weakness of
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echocardiography practice in Serbia. Although the ma-
jority of respondents evaluate both systolic and diastolic
LV function, systolic LV function is not routinely quan-
tified using guideline-proposed criteria. Instead, visual
estimation or obsolete, M-mode based methods are still
frequently being used which is a serious downfall, since
many guideline-directed pharmacological and device
therapies depend on accurate measurement of LV ejection
fraction. All these technical, logistical, and fundamental
inefficiencies are possible barriers to further development
of echocardiographic centers outside university hospitals.
TOE and SECHO, as well as advanced echocardiographic
techniques seem to be the exception rather than a rule in
non-university hospitals. It is, therefore, not surprising
that the majority of respondents need expert supervision.

Only 12% of respondents are satisfied with the current
personal educational level in echocardiography, while the
vast majority is willing to master new techniques and to
have new modalities implemented in their centers. While
some of these advances (e.g. strain and 3D echocardiogra-
phy) require substantial investments in new equipment and
software, those regarded as direly required at institutional
level (TOE and SECHO) can be established without signifi-
cant costs. The ECHOS will address the needs expressed
in this survey by organizing dedicated teaching courses
and workshops in order to accelerate the development of
advanced echocardiography in non-university centers.

It is important to underline that the current survey was
voluntary; thus, it is possible that our members who chose
to participate had particularly strong opinions towards
the survey questions resulting in a positive or negative re-
sponse bias. In line with this, the actual echocardiography
practice in Serbia may be somewhat different from what
the survey results revealed. However, in the absence of the
central register or the national network of echocardiogra-
phy laboratories, it is impossible to obtain more credible
data. Similar to other imaging societies, the ECHOS will
use data from the current survey to create an action plan
in order to provide guidance to its members and foster
development of echocardiography in Serbia. In parallel
with the publication of the textbook on clinical echocar-
diography, ECHOS will produce and propose a series of
expert consensus documents and position statements
on training, education, competence and accreditation in
echocardiography in Serbia. Ultimately, the production of
national guidelines for the practice and implementation of
echocardiography in clinical practice should be the final
step towards a bright future of echocardiography in Serbia.

Less than 50% of ECHOS members participated in the
present survey and a great care must be taken when ex-
trapolating our results to the entire population of echo-
cardiographers in Serbia. On the other hand, response
rate to this survey is comparable to similar surveys run by
international organizations [7, 12]. In addition, it would
be of interest to assess the views expressed in this survey
with regard to the level and type of education of the re-
spondents. Unfortunately, data on education in echocar-
diography are not available and will be addressed in an
upcoming ECHOS survey.
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CONCLUSION

There is room for improvement in all aspects of echocar-
diography practice in Serbia. Advanced echocardiographic
techniques, SECHO and TOE are needed but rarely per-
formed outside the university hospitals in Serbia. In order
to achieve a better adherence to standards of practice in
echocardiography, the development of national guidelines
and personal and laboratory accreditation are necessary.
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AKTyenHo ctare exokapauorpaduje y Cpbuju — HauMoHanHa aHKeTa

Exokapauorpadckor yapyxewa Cpbuje

Maja CredaHosuh'? TopaaHa KprbaHaw?**, 3opuua MnageHosuh*S, flaHujena TpudyHosuh-3amaknap®,

AnekcaHpap H. HewwkoBuh®’, MBaH CTaHkoBuh>”

'YHugep3utet y Hosom Cagy, MeanunHckm dakyntet, Hosu Cag, Cpbuja;
2/HCTUTYT 3a KapAroBacKynapHe 6onectn BojeoaunHe, Cpemcka Kamenunua, Cpbuja;

*YHusep3uTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

“KnuHunukm Lentap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja;

YHuBep3uTeT oabpaHe, MeguumHckm dpakyntet, beorpag, Cpbuja;
BojHomMeamMLUMHCKa akagemuja, beorpag, Cpbuja;

’KnuHnuko-6onHnuKM LieHTap,3emyH’, Cnyx6a kapauonoruje, beorpag, Cpbuja

CAMETAK

YBog/LUunm CBpxa HaumoHanHe aHkeTe Exokapguorpadckor
yapyxerba Cpbuje je npoLieHa akTyesiHOr CTakba exokapauorpa-
duje y Cpbuju, BOCTYNMHOCTU PA3NNYNTHX EXOKAPAUOrPadCKUX
TeXHMKa 1 noTpeba 3a HanpefoBateM Ha IMYHOM U MHCTUTY-
LIMOHANHOM H1BOY.

Metope AHkeTa cacTaB/beHa of 20 nuTama o Aemorpadckum
nofaumma, 6pojy 1 pacnpocTpakeHOCTN exoKapAarorpadcke
onpeme 1 TexHUKa, CTaHAAPAMMa 13Boherba Npernega u nu-
Carba M3BeLLTaja, Kao 1 MPUOpPUTETIMA 3a efyKaLujy, mocnara je
€NeKTPOHCKOM MOLUTOM CBMM YnaHoBMMa Exokappauvorpadckor
yapy»etra Cpbuje.

PesynTtatmn AHKeTy je nonyHuno ykynHo 106 unaHoBsa (42%).
Exokapamorpadcke npernepe Hajuelhe obaB/bajy Kapamonosm
1 cneuujanncT NHTepHe MeauLrHe. TpaHce3odareanHa exo-
Kapguorpaduja, cTpec exokapauorpaduja n speckle tracking
exokapguorpaduja cy poctynHe y oko 20% LeHTapa, Tpoam-
MeH3VoHaHa exokapguorpaduja y 11%, AOK ce KOHTpaCcTHa
exokapauorpaduja obae/ba camo y iBa LeHTpa. Mare of
TpehunHe aHKeTUpPaHKX YNaHOBa PefOBHO KOPUCTY eNeKTPo-
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Kapavorpadcke enektpoge 1 cHuma npernege. CKopo CBu aH-
KeTupaHu unaHosu (96%) yBek npoLetbyjy CUCTONHY 1 Aunjac-
TONHY GYHKLMjy IeBe KOMOPE, NaKo Ce CUCTOMHa GyHKLja neBe
KOMope YecTo npoLetbyje (55%) ynotpebom HecTaHAaPAHUX
meToga. HoBuju exokapamorpadcky anapatu Yewhe cy fo-
CTYMHW Y YHUBEP3UTETCKAM HETO Y HEYHNBEP3UTETCKUM LieH-
TpuMma (87 Hacnpam 44%, p < 0,01). CTpec exokapanorpaduja
Ce cMaTpa HajnoTpebHUjoM TEXHNKOM Ha HIBOY LieHTpPa, AOK
cy speckle tracking exokapguorpaduja 1 TpaHcesodpareanHa
exokapauorpaduja Hajuewhe HaBoheHe NnYHe acnupauuje
AHKETMPAHVIX YlaHOoBa.

3akibyuak HanpefHe TexHUKe, cTpec exokapguorpaduja n
TpaHce3odareanHa exokapauorpaduja cy HeonxoaHe, anu
peTKo JOCTYMNHe exoKkapauorpadcke TeXHNKe BaH YHUBEP3M-
TETCKMX LieHTapa. Y Lusby 6osber nowToBama CTaHAapAa exo-
Kapavorpadcke npakce, JOHOLIEHE HaLMOHaNHKX MPenopyKa
Kao 1 NnyHa 1 nabopatopujcka akpeguTaumja genyjy Kao He-
n3bexaH notes.

KmbyuHe peun: exokapguorpadwja; aHkeTa; Cpbuja
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Effects of meteorological conditions on mortality
from chronic obstructive pulmonary disease
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SUMMARY

Introduction/Objective Previous studies have confirmed the effect of different meteorological param-
eters on patients suffering from lung diseases.

The objective of the study is to investigate the impact of meteorological phases on the death rate from
chronic obstructive pulmonary disease (COPD).

Methods The data on the number of deaths caused by COPD and meteorological phases during a five-year
period (2011-2015) in Sumadija District (Central Serbia) were obtained from the Republic Hydrometeoro-
logical Service and the Center for Biostatistics and Informatics of the Kragujevac Institute of Public Health.
Results A statistically significant correlation was determined between certain meteorological phases and
COPD death rate. The highest death rate was determined during colder months, February and March.
The lowest death rate was detected during the warm months (June-September). Although men died
more often from COPD than women, the death rate of women showed a considerable increase during
the five-year period.

Conclusion COPD death rate is highly dependent on the season of the year and might be associated
with certain meteorological phases. There is a need for further research of the impact of meteorological
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phases on the morbidity and mortality from COPD.

Keywords: chronic obstructive pulmonary disease; meteorology; humidity; temperature

INTRODUCTION

Chronic obstructive pulmonary disease
(COPD) is one of the most important health
problems [1, 2]. According to the data from the
World Health Organization, almost three mil-
lion people that suffer from COPD die yearly,
and by year 2020 this disease might become
the world’s fourth most frequent cause of death
[3]. Morbidity and mortality rates of COPD are
increasing steadily, most likely due to exposure
to cigarette smoke, air pollution, but also be-
cause of ageing of the population. Morbidity
and mortality rate vary from country to coun-
try and from region to region [2, 4, 5].

Basic risk factors for COPD are the following:
smoking, outdoor air pollution, poor quality of
indoor air, genetic predisposition, age, sex, pneu-
monia, nutritional status, socioeconomic status,
etc. [3, 6, 7]. Patients suffering from COPD have
an increased risk of developing other pulmonary
diseases — respiratory infections and primary
lung cancer, cardiovascular disorders, osteo-
porosis, diabetes, and mental disorders such as
neurosis and depression [3, 7, 8, 9].

Prevention of COPD includes healthy life-
style, healthy nutrition and nutritional status,
daily physical activity, and preserving a high
quality of ambient air. COPD is characterized

by a frequent changing of the phases of re-
mission and the exacerbation of symptoms.
Exacerbation of chronic respiratory and cardio-
vascular diseases can appear as a consequence
of exposure to infectious agents, or noninfec-
tious factors — an increase in concentration of
sulfur dioxide and nitrogen oxides in the ambi-
ent air, and the impact of certain meteorologi-
cal parameters such as wind speed and direc-
tion, air temperature, air pressure, humidity,
and precipitation [10, 11, 12].

Meteoropathy is a group of symptoms and
reactions related to a change in one or mul-
tiple meteorological factors. By the combina-
tion of meteorological and climate elements, 10
meteorological phases have been determined.
Meteorological phases are a combination of the
following factors: cyclone-anticyclone, air tem-
perature, air humidity, the advance of the cold/
warm front, dry/wet weather. Meteorological
phases are as follows [13]:

1. Cyclone, warm, dry - CWD: an influx of
warm or very warm air (warm sector).
Sunny weather prevails, but the weather
develops towards cloudiness and an in-
crease in windiness from the southern
quadrant (warm wind).

2. Cyclone, warm, wet - CWW: precipi-
tation from compact, layered clouds.
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Relatively warm, wind blows from the southern
quadrant, (southern tip), pressure drops, tempera-
ture rises or stagnates because of the precipitation,
relative humidity increases.

3. Cyclone, warm front - CWF: several hours be-
fore and after the warm front passes, the weather
is cloudy with precipitation, and during the actual
transit of the front a sudden change in wind direc-
tion can be observed, temperature keeps rising, es-
pecially when precipitation in the back of the front
weakens or stops. Relative humidity rises. In addi-
tion to precipitation, very low cloudiness occurs.

4. Cyclone, cold front - CCF: cloudiness develops
followed by downpours, thunder and strong wind.
Temperature drops rapidly, pressure rises signifi-
cantly, relative humidity rises because of precipita-
tion, but observed globally stagnates, and after the
precipitation stops, it falls quickly. The wind keeps
changing its direction and intensity suddenly.

5. Cyclone, cold, wet — CCW: layered cloudiness (Ns)
prevails paired with long-lasting precipitation, pres-
sure rises, temperature drops or stagnates, humidity
does not change much, but drops as precipitation
stops. The wind is more intense and blows from the
northern quadrant.

6. Cyclone, cold, dry - CCD: after precipitation ends,
cold and windy weather persists. Precipitation can
occur, but only for a short while and in a small
quantity. The weather is cloudy, with a lack of pre-
cipitation, cold and with a tendency to change to-
wards clear weather.

7. Anticyclone, cold, dry - ACD: clear weather pre-
vails. The wind comes from the northern quadrant,
and its intensity is mostly weak. During the summer
it is chilly, and during the winter half of the year it
is cold. Pressure, temperature, and humidity do not
change much.

8. Anticyclone, cold, wet - ACW: foggy, gloomy, and
cold weather in the area of the anticyclone.

9. Anticyclone, warm, dry - AWD:
clear and calm weather. The anticy-
clone is still dominant. Air temper-

METHODS

This study is a retrospective, descriptive study conducted
during a five-year period, 2011-2015, in the Sumadija
District, Central Serbia. The Sumadija District is located
at 185-220 m above sea level, between latitudes 43° and 44°
N and longitudes of 20° and 21° E. The climate is temperate
continental, with relatively cold winters, hot summers, and
the average annual temperature of 11.5°C.

Data on current meteorological phases used in this study
was obtained from the Republic Hydrometeorological
Service (RHMS). Information on the mortality of
COPD was obtained from the database of the Center for
Biostatistics and Informatics of the Kragujevac Institute
of Public Health.

This research was approved by the Ethics Committee of
the Kragujevac Institute of Public Health, Serbia (No. 01-
2092). Spearman correlation analysis was conducted to in-
vestigate the relationship between meteorological phases and
the mortality from COPD. IBM SPSS Statistics for Windows,
Version 20.0 (IBM Corp., Armonk, NY. USA) was used.

RESULTS

COPD death rate in the Sumadija District grew from 20.99
per 100,000 inhabitants in 2011 to 24.14 in 2015. Table 1
presents the incidences of 10 meteorological phases (in per-
centages to total number of phases) and number of deaths
by months, during the 2011-2015 period. Phases 4 and
9 were dominant during the entire period. The incidence
of phase 9 was higher during the warm months (April-
November) than in winter months (December-March).
On the other hand, phase 10 occurred only in spring and
summer, while phase 8 was observed in autumn and winter.

Total number of deaths caused by COPD was 955 (617
men and 338 women). The highest number of deaths (114)
was recorded in February and March, while the risk of dy-
ing from COPD was significantly lower during the “warm”

Table 1. The incidence of meteorological phases and number of deaths from chronic
obstructive pulmonary disease (COPD) by months during the 2011-2015 period

ature either does not change at all,

or it has a slight increase on a daily | p1onth Meteorological phase [%] Nl;?;i;c’f

basis. Transport of slightly warmer 1123|4567 8]9 10 fomcopD
air from lower latitudes starts, weak | January 58 19|11 |213/155| 65 [18.1| 84 |116| 0 89
winds from the southern quadrant February 85| 21|92 (225/141|113[141| 14 [169| 0 114
start blowing. March 9 | 26|11 (252(142 9 |[123| 0 [168| O 114
10. Anticyclone, warm, wet - AWW: April 87 | 47| 4 26 {13393 67| 0 26 | 1.3 99
cloudiness develops followed by pre- May 97|52 13|29 [129|45 |77 | 0 |271] 26 88
cipitation and thunder. It manifests ~ |June 8 33| 2 |227|173| 6 |53 |07 |327] 2 56
during the warm part of the year. July 9 | 45|13 |226(148|84 | 71| 0 |303]19 67
The impact of various meteorological | August 1163219226 9 |77 |65| 0 |361]13 50
phases on lung diseases has been intensive- September | 10 | 2 | 1.3 |187| 14 | 10 [147| 0 |287] 0.7 52
ly studied, but it still needs clarification. October 97126 |39 (181197 | 9 |129| 06 |335| O 68
The objective of this paper was to inves- | November | 9.3 | 2 | 6 |233/127] 8 | 10 | 2 |267] 0 70
tigate the correlation between particular December 7.7 | 45|97 [206|148| 7.7 |11.6|155| 7.7 0 88

meteorological phases and the mortality
rate from COPD.
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Meteorological phases: 1 - cyclone, warm, dry; 2 - cyclone, warm, wet; 3 — cyclone, warm front;
4 - cyclone, cold front; 5 - cyclone, cold, wet; 6 - cyclone, cold, dry; 7 - anticyclone, cold, dry; 8 -

anticyclone, cold, wet; 9 - anticyclone, warm, dry; 10 - anticyclone, warm, wet
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months (June-September). COPD death rate was two to
three times higher for males than for females. However, an
increase in the death rate was more prominent for women
(from 13.4 to 16.2 per 100,000) while for men a slight de-
crease was observed (from 39.74 to 34.75 per 100,000).

The correlation of the death rate with the incidence of
each meteorological phase (by months) was investigated
using the Spearman correlation analysis. The results are
presented in Table 2.

Table 2. Spearman correlation coefficients (Spearman’s p) between
meteorological phases and death rate of chronic obstructive
pulmonary disease (COPD)

Meteorological phases COPD death rate p

Phase 1 (cyclone, warm, dry) rho =-0.564 0.056
Phase 2 (cyclone, warm, wet) rho=-0.016 0.961
Phase 3 (cyclone, warm front) rho =0.744 0.006
Phase 4 (cyclone, cold front) rho =0.274 0.389
Phase 5 (cyclone, cold, wet) rho =0.235 0.462
Phase 6 (cyclone, cold, dry) rho =0.265 0.404
Phase 7 (anticyclone, cold, dry) rho=0.371 0.235
Phase 8 (anticyclone, cold, wet) rho =0.260 0.415
Phase 9 (anticyclone, warm, dry) rho=-0.816 0.001
Phase 10 (anticyclone, warm, wet) rho =-0.480 0.115

DISCUSSION

Mortality rate detected in our study was higher than the
values previously reported in Serbia [14]. The death rate
from COPD grew by 15% during the five-year period. A
particularly high increases of COPD prevalence and death
rate observed in women were also reported by some other
authors [1, 15].

The mortality rate from COPD is increased during the
cold period of the year. This observation is in agreement
with the results of some previous studies. For example, a
large study in Taiwan reported a 0.8% increase in COPD
exacerbations with 1°C decrease of the mean air tempera-
ture [16]. Cold weather usually contributes to lung diseases
through bronchoconstriction, inflammation, mucous hy-
persecretion, as well as through modifying susceptibility
to air pollution [10]. Although extremely hot temperatures
and heatwaves have also been identified as a significant
risk factor for patients suffering from lung diseases, cold
temperatures and temperature changes have more pro-
nounced effect [17-20].

COPD mortality rate was negatively related to the in-
cidence of meteorological phases 1, 9, and 10 (Spearman’s
p =-0.564, -0.816, and -0.480, respectively). All these three
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nayha

Hena Honosuh'?, Ipara Bacuwesuh'? Munoww Crenosuh?, [iparan Munojesuh?, Bnagumunp lajuht, Qanubop Crajuh’,

Mapwuja Cekynuh'

'YHuBep3utet y KparyjesLy, OakynteT MeAULIMHCKNX HayKa, KaTeapa 3a xurnjeHy v ekonorujy, Kparyjeau, Cpbuja;

2/HCTYTYT 32 jaBHO 3apaBrbe, Kparyjesal, Cpbuja;

*YHuBep3uTeT y KparyjesLy, GakynTeT MeanLMHCKUX HayKa, KparyjeBal, Cpbuja;
*YHuBep3uTeT,YHNOH — Hukona Tecna’, ®akyntet 3a cnoprt, beorpag, Cpbuja

CAMXETAK

YBop/Linm Benvikn 6poj cTyavja je noTBpAMO yTULaj pasnnuu-
TUX METEOPOJIOLLKUX NapaMeTapa Ha 6osecHrKe ca niayhHUM
6onectuma.

Linms oBe cTyauje 6110 je ga ce UCTPaxm yT1Laj METEOPOOLLKIX
(aza Ha cTomny CMPTHOCTY Off XPOHWYHE ONCTPYKTUBHE 6onecTu
nnyha (XOBM).

MeTope [NogaLy 0 y4ecTanocTi MeTeoponoLKnx pasa 1 6pojy
ympnux og XOB[M-a Tokom netorogmiitber nepuoga (2011-2015)
y Wymapwjckom okpyry (LieHTpanHa Cp6uja) nobujenu cy o Pe-
ny6nMyKor XMapoMeTeopOnoLLKOr 3aBoga 1 LieHTpa 3a 6rocTatu-
CTUKY 1 UIHGOPMATUKY VIHCTVTYTa 3a jaBHO 3apaBbe y KparyjesLly.
Pe3ynTtaTtm HaheHa je cTaTMCTUKM 3HaYajHa Kopenauuja 13-
mebhy oppeheHnx meTeoponowKux dasa 1 cTone CMPTHOCTH
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of XOBI-a. Hajsuwua cTona cMpTHOCTM 3abeneXeHa je TOKOM
xnagHux meceum (bebpyap 1 MapT). HajHuxa ctona cMpTHOCTU
je youeHa Tokom Tonnux meceun (jyH—centembap). Mako cy
MyLKapuu ymupanu yewhe og XOBI-a Hero xeHe, cTona
CMPTHOCTM je KOA XeHa MMasa 3HayajaH nopacT TOKOM OBOT
neTorofuLLH-€er Neproaa.

3akmyuak Ctona cmptHocTy og XOBIT-a 3aBMcK O roguLbux
fo6a 1 MoXe ce noee3aTi ca oapeHeHNM MeTEOPOSOWKIM da-
3ama. HeonxofHo je Aarbe UCTpaxuBame yTuLaja MeTeopono-
wKKx pasa Ha MopbuanTet n moptanutet og XOBI-a.

KrbyuHe peun: XpoH/yHa oncTpyKTBHa 6onect nnyha; mete-
OposIoryja; BNaXKHOCT; TeMnepaTypa
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SUMMARY

Introduction/Objective Numerous studies on surface electromyographic (SEMG) signals in response
to different respiratory parameters, particularly on sternocleidomastoid (SCM) muscles and diaphragm
(DIA), indicated the promising advantages of their simultaneous monitoring with possible applications
in the analysis of their correlation. This motivated a detailed statistical analysis of the average power (P, )
on sEMG signals during prolonged breath-holding, simultaneously measured in the SCM and DIA areas.
Methods The physiological breath-holding method was applied to 30 healthy volunteers, with SEMG of
SCM and DIA regions measured before, during, and after the breath-holding exercise. All the subjects
were sitting in an upward position, with nostrils closed by the right index finger and thumb during
breath-hold. To synchronize the records, the user would press a special switch using the other hand
at the beginning and at the end of breath-holding experiment. The average power of SEMG (P, ) was
measured for each 500 ms signal window.

Results The P, remains constant before and 3 seconds after the exercise. During the ending of breath-
holding, at least one region had the P, , afflux of a minimum of 91%. Student’s t-test between SCM signals
shows a significant difference of p < 0.001, while the DIA lacks it. Although the results showed that SCM
is the dominant region in 76.67% of cases, the exclusive P, afflux in the DIA region was detected in
precisely five cases (16.67% of the total namber of participants).

Conclusions Our research concludes that there is the necessity of simultaneous measurement of SCM
and DIA to observe dominant changes in SEMG during breath-holding. The physiological response of
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the respiratory center can be observed by approximately doubling P, in one of SCM or DIA regions.
Keywords: surface electromyogram; breath-holding; muscle sternocleidomastoideus

INTRODUCTION

In the last decade of the previous millennium,
the appearance of the first studies on the topic
of surface electromyography (sSEMG) started
in the correlation with the miscellaneous res-
pirational effects [1]. Given its exponential in-
crease, several reviews of these papers have been
published [1]. There are at least 10,000 studies,
while about 1% have been classified positive in
the light of precise settings and repeatability
of the experiments [2]. The strict postulates
are not firmly grounded, but a consensus has
been established on the placement of surface
electrodes, the method of application, as well
as on the expected recorded signals [3].

There are three distinct measurement regions
“regarding electromyographic (EMG) activa-
tion of the sternocleidomastoid muscle (SCM),
parasternal muscles (PARA), and the diaphragm
(DIA)” [4]. However, a more detailed analysis of
recordings ensigns PARA and DIA as the same
regions, which could be taken as synonyms.

The sEMG researches have already found their
application in at least three areas: “a) advances

in surface EMG detection and processing tech-
niques, b) recent progress in surface EMG clinical
research applications, and c¢) myoelectric control
in neuro-rehabilitation” [2].

These studies include both sick and healthy
volunteers. Thus, in the case of chronic diseases,
the most common are patients with chronic
obstructive pulmonary disease (COPD) and
asthma, with the emphasis on the experiment
repeatability [5, 6]. There are also numerous
studies conducted on healthy volunteers that
measure the different effects of breathing ex-
ercises versus changes in the exhaled air [7, 8].
Numerous published papers on SEMG include
volunteers with acute cases [9].

The authors have recently demonstrated the
possibility of acquiring the SEMG signals in
healthy volunteers in the two most often recorded
regions, as the answer to the most passive breath-
ing activity, the prolonged breath-holding [10].
The organism’s response to breath-holding comes
from the main respiratory center in the medulla
through a series of electrical impulses in order to
activate the respiratory muscles. This response
should be especially augmented at the end of
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Figure 2. The electrode setup

breath-holding, due to a permanent increase in activation
impulses from the respiratory center. The change in the
average SEMG power was the first measurable psychological
phenomenon characterized by a push or swallow feeling
at the end of breath-holding. In this regard, the main goal
of this paper is to detect this involuntary muscle activity
in the SCM and DIA region at the end of breath-holding.
Statistical analysis of the entire population should provide
an answer as to whether this phenomenon is an individual
peculiarity or occurs simultaneously in both zones.

A series of initial signal analyses had been proposed,
but with a lack of clear answer which method should give
the most reliable statistical significance.

During the recording of biosignals, noise artifacts from
different sources are common and quite noticeable [11].
Having this in mind, we concentrated mainly on the changes
in the mean power (P,, ), since a large amount of constant
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noises is permanently present. At least in the first ap-
proximation, its influence could be considered constant in
all phases of the recordings [12]. This further facilitates a
complete statistical analysis.

METHODS
Research sample

Thirty healthy young volunteers, 19-25 years old, students
of a sports faculty, were beforehand instructed in the pro-
cedure of breath-holding after spontaneous exhalation, as
well as in recognizing the response of physiological muscle
activity (the “bump”) upon prolonged breath-holding [13,
14]. The procedure has the following steps:

« Phase 1 - sitting and resting for 5-7 minutes. Complete
relaxation of all muscles, including the breathing
muscles. This relaxation produces a natural spontane-
ous exhalation (breathing out).

o Phase 2 - pinching the nose with the right thumb and
index finger at the end of the exhalation with simul-
taneous pressing of the switch with the left hand (the
first switch press) to mark the end of the exhalation
and keeping the nose pinched.

o Phase 3 - the appearance of the first urge to breathe
(practice shows that this first desire emerges together
with an involuntary push of the diaphragm or swal-
lowing movement in the throat) that we will refer to
as the “bump””

« Phase 4 — pressing of the switch the second time (the
second switch press) to mark the “bump,” releasing
the nose and again complete relaxation of all muscles.

Instruments

The typical electrode setup for the SCM and DIA regions
followed the suggestions given by Merletti and Muceli
[3] and Afsharipour et al. [15]. The method is completely
non-invasive and only surface electrodes were applied, as
shown in Figures 1 and 2.

www.srpskiarhiv.rs ‘
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| Electrode }

Figure 3: Sternocleidomastoid - the figure shows this biggest neck
muscle and the positions of the applied surface electrodes

The measurement was performed using the 1200K
Neurofax apparatus (Nihon Kohden Corporation, Tokyo,
Japan) with surface ring Au electrodes filled with electro-
conductive gel and electrocap with 19 Ag/AgCl electrodes
for electroencephalography (EEG) measurement (10/20

Ostoji¢ M. et al.

The direction of the linea sternalis was then determined.
The last step was to draw a line from point A to the di-
rection of the linea sternalis perpendicularly in order to
obtain the marking location (lower point) where the upper
electrode was placed on the abdomen. The lower electrode
was placed in the marked position located in the direction
of the linea sternalis, and below the upper electrode, at a
distance of 10 cm [18].

The signal values are expressed in PV per unit resistance,
allowing simple squaring to obtain power in pW.

The entire recording procedure is non-invasive, lasts
less than five minutes and allows the export of signals for
the specific analysis on different platforms [19]. In order
to perform the original signal analysis, we initially used
the signal processing toolbox of MATLAB, and custom
C-programs [20, 21].

RESULTS

After the performed measurement of all 30 participants, the
quality continuous ECG, RESP, SCM and diaphragmatic
EMG signals were obtained. A sample of recorded signals
during normal breathing and the “bump” phase are shown
in Figures 4A and 4B, respectively.

international electrode placement system).
The experimental procedure is corroborated :
by the ethical standards of the Serbian Medical

S$16 Before Breath Hold Fs=200Hz
T T T T

Society and is labeled by protocol CE 01342. EZ .
The procedure has been performed in ac- 5 il I ‘ . ,
cordance with the Declaration of Helsinki. =f
The participants gave their written informed el il 4 . ] l l
consent prior to the experimental procedure. : , ,
Although we practically used only two E: ‘ 0 “

SEMG recorded signals by Au-surface elec-
trodes for this study, the system also contained

the following recordings [16]:
« 16 EEG signals, L ]
« electrocardiography (ECG) according ‘ !

to Einthoven,

| |SEMG DIA

mels]

o respiratory air-flow signal, k| e Bomp Foiive ;
o HD camera built into this system, g ®r | k. R R | A | A A
« light hand built-in switch for the event B oo il il R il ™
labeling. i : ' : ’ * ) ’ ' ’
The sEMG on the neck was measured at L ' ' ' ‘ ' ,
the ends of the sternocleidomastoideus muscle i e S 2 N
(SCM), also illustrated by Figure 3 [17]. om0 . : - - - . - ‘
The method of placing the DIA electrodes
was according to the internationally agreed .l
topographic lines of the thorax, which also B e e A
include the actual lines for this study: linea - ’ " ‘ : . . :
mediana anterior (extends from the incisura i g r ‘ ,
jugularis to siphysis pubica) and linea sternalis & wop "\ r\ ;n\ \I\ “\ ] § j'\ e
(extends parallel along the lateral edge of the e e S . i il i B . .

sternum) [3]. First, a small extension at the

end of the sternum (prosessus xyphoideus)  Figure 4. Signa
located in the direction of the linea mediana

Is recorded during A) normal breathing (Phase 1 in Methods) and B)

the end of breath-holding - the “bump” phase (Phase 3); electrocardiography (ECG),

respiration, surface electromyography (sEMG) sternocleidomastoid (SCM), SEMG

anterior was defined by palpation, in order diaphragm (DIA

), signal amplitude is in [uV]; the influence of R peak on SEMG signals is

to mark the initial position (upper point). visible, particularly on SEMG DIA, due to the vicinity of the heart

‘ DOI: https://doi.org/10.2298/SARH1911180370
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Figure 5. Power spectral density of sternocleidomastoid during
breath-holding; “bump”recorded at t = 9 seconds; sampling frequency
Fs =200 Hz, Hanning window; nonequispaced fast Fourier transform
(NFFT) = 128; noverlap = 108 samples

Figure 5 shows the power spectral density (PSD) of SCM
signal during and after the breath-hold phase. The spectrum
belongs principally to the same area as the standard EEG
signal and practically does not exceed 40 Hz. Power line
interference is clearly visible at 50 Hz.

Figure 6 demonstrates the change of pattern of SCM
during the “bump” at the end of the breath-holding period.
Exact periods of individual heart beats are extracted from
the ECG signals and marked in Figure 6 as red circles to
demonstrate the effect of ECG in SCM.

The common method with overlapping processing windows
has been used to calculate the average power of SEMG in SCM
and DIA regions [22]. Since DIA is heavily contaminated
with ECG, we used a 1 second window to minimize the
influence of ECG on signals. For example, the average RR
interval of the signal represented in Figure 5 is 1.02 seconds.
The typical method with overlapping processing windows has
been used to calculate the average power of SEMG in SCM
and DIA regions [22]. Since DIA is heavily contaminated
with ECG, we used a 1-second window to minimize the
influence of ECG on signals since the average RR interval
of the signal represented in Figure 5 is 1.02 seconds. In the
case of a sampling frequency of 200 Hz, the overlapping size
between two consecutive windows is equal to 100 samples.

The visible influx of power was observed immediately
before the “bump” in all cases, mainly in the SCM region [23].

The volunteers S08, S14, S18, S24, and S25 showed the
“bump” in the DIA region.

It is noticeable that the return to the initial values in
the DIA region is no longer than 3 seconds. The different
artifacts by breathing musculature should be kept in mind
here. The properly performed exercise was supposed to be
done in such a way that volunteers should keep holding
the breath for at least 2 seconds after the switch is pressed
before resuming normal breathing [24].

Table 1 shows the overall results for the whole group
of 30 volunteers.

The increase for APS™ and APP™ is positive in most
cases where a simple averaging gave a surplus of 425.16%
and 133.19% for the SCM and DIA regions, respectively.
However, for each case, at least one of APS®™ and APPA
values showed a significant increase. Such instances are
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Figure 6. Changes of sternocleidomastoid at the end of breath-
holding; “bump” recorded at t = 9 seconds; exact moments of heart
beats marked with red circles

bolded in their respective columns. This is more frequent
for the AP*™, although the exclusive P,  enlargement in the
DIA region can be observed in exactly five cases (16.67%
of the total number). The overall view of the completed
results imposes the conclusion that both muscle regions
must be recorded in order to spot the P, enlargement for
every volunteer. For all the participants, the P, relaxation
period is below 3 seconds.

The t-test for the SCM region data only, P°*™ _ and
PSCM . Shows significant statistical difference (t = 1.69913,
p < 0.001), contrary to the DIA region, since P? and

PP, mp Show no significant statistical difference. Hor;i;ever,
the newly formed group APM** (defined as the maximum
increase of the SCM and DIA regions) shows as much
as one order higher significant statistical difference,

e.g. t=-6.09, df = 32.12, p < 0.0001.

DISCUSSION

We recorded sSEMG during breath-holding exercise on 30
healthy participants. The analysis of P, changes during
breath-holding was a simple method that provides effective
assessment of SEMG changes in real time. An increase of
P, was observed in the pilot study with five participants.
In this paper, we present a complete statistical analysis for
all 30 subjects, and P, return time to the initial rest values.

P,, changes of the EMG signals practically showed at
least a doubling of its value related to the rest state and very
quickly returned to its initial state, within 2.2 seconds as
the maximum value. In Table 1, we can see that the changes
can be observed literally in every case, with the particular
necessity of observing both EMG signals.

The visible influx of power was observed immediately
before the “bump” in all cases, mainly in the SCM region,
but not exclusively [25]. Five of the 30 volunteers showed
an exclusive increase of P, in the DIA region. This con-
firms many statements that “the neck region is more prone
to fatigue than the intercostal one” [26, 27]. In his book,
Rakimov [24] summed up the feelings of more than a
thousand volunteers to the physiological answer to breath-
holding. His conclusion supports our findings, as he claims

www.srpskiarhiv.rs ‘
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Table 1. The overall results for the entire group of 30 volunteers

No. | PCrest | PSCbump | PPrest | PPbump | AP APP APm* TTrEL.ﬁ(((mmss)]
1 9 345 36 36 | 283.33% | 0% | 283.33% | 800
2 7 38 500 | 1550 | 442.86% | 210% | 442.86% | 1800
3] 10 120 48 350 | 1100% |629.17% | 1100% 1200
4 | 10 | 2950 11 355 195% | 222.73% | 22273% | 750
5 6 21 40 40 250% 0% 250% 1100
6 | 23 51 200 | 200 | 121.74% | 0% | 121.74% | 700
7 5 45 100 | 180 800% 80% 800% 600
8 | 18 49 18 110 | 17222% |511.11%| 511.11% | 1500
9 5 33 25 32 560% 28% 560% 2100
10| 32 42 20 70 3125% | 250% | 250% 2050
| 2 22 60 20 1000% | -66.67% | 1000% 2000
12| 52 183 45 | 450 | 251.92% | 0% | 251.92% | 1900
13| 203 | 99.8 50 50 | 391.63% | 0% | 391.63% | 800
14 | 100 30 37 72 70% | 9459% | 9459% | 1200
15| 12 23 42 42 9167% | 0% | 91.67% | 1800
16 | 230 50 15 15 |207391%| 0% |2073.91%| 1200
17| 7 120 ) 120 | 1614.29% | 3333% | 1614.29% | 700
18| 8 M 5 23 412.5% | 360% | 412.5% | 1700
19| 9 72 200 | 160 700% | -20% | 700% 1800
20| 12 235 25 17 95.83% | -32% | 9583% | 1100
21| 6 19.5 10 10 225% 0% 225% 1400
22| 205 | 285 | 385 | 13200 | 39.02% |242.86% | 242.86% | 1800
23] 2 120 120 | 120 | 47143% | 0% | 471.43% | 600
24| 26 14 20 106 | -46.15% | 43% 430% 1400
25| 8 8 10 120 0% 1100% | 1100% 1100
26| 58 | 1180 | 35 34 | 10345% | -2.86% | 103.45% | 900
27| 4 12 10 4 200% | -60% | 200% 800
8| 7 7 160 | 130 | 485.71% | -18.75% | 485.71% | 1900
29| 4 29 30 30 625% 0% 625% 600
30| 9 21 24 25 | 13333% | 4.17% | 133.33% | 400
AVG| 1380 | 4225 | 66.13 | 127.93 | 425.16% |133.19% | 509.5% | 1256.67
SD | 489.23% | 2554% | 467.4% | 523.21
A+min | 91.67% | 9459% | 91.67% 400
A+max | 2073.91% | 1100% | 2073.91% | 2100

The column P __ depicts the restand P* _the P, value during the "bump” period in the
sternocleidomastoid (SCM) region, while similarly P® __ is the rest and PDbumpis the “bump”value of P, ,

in the diaphragm (DIA) region, according to the labeling by the Japanese group [31]; the P, influx in
percentages for the SCM and the DIA regions are denoted by AP and AP, respectively; the maximum
influx for each volunteer is given in the following column, depicted as AP"*; T is the relaxation period
in milliseconds after the P, was returned to the values equal to the initial state; the raw AVG shows the
simple average value for all columns, while SD shows the standard deviation for the last four columns
on the right; the most important values in the first (No.), sixth (AP*¢) and seventh (APP) columns are in
bold; while A, shows the minimal increase, 4,,,, shows the maximum increase for the last two columns

MAX
on the right. However, A-raws for the AP and APP columns are given for the bold values

Ostoji¢ M. et al.

change in the proportion of left-handers
since the Upper Paleolithic Age, about
10,000 years ago, and it is estimated
to be around 10%,” although “subtle
prejudice against this minority group is
still present and visible;” showing finally
“that the prevalence of left-handedness is
lower in Serbia than in Western Europe
(5-10% vs. 11-14%)” [30].

Statistical analysis of the three pairs
of signals can be considered as follows.
The lack of statistical significance for the
DIA region implies that the results from
this region would solely be insufficient
and would not be credible if performed
independently. On the other hand, a
statistical difference measured between
the two SCM signals (“bump” state vs.
rest state) of p < 0.001 cannot give a false
result, but seems to be able to miss some
positive cases. The newly formed APP
variable depicts the dominant group,
defined as the maximum increase of
AP*¢and APP columns. It can report
every case with minimal time delay,
without false reports.

The practical development of a domi-
nant group would not be a difficult task.
The core of the electronic device should
contain one digital comparator followed
by the collecting register of the higher
signal.

CONCLUSION

Our research shows the influx in P, , of
91% minimally in at least one measured
region, SCM or DIA, with the return to
the initial values in less than 3 seconds
during the prolonged breath-holding.
Simultaneous measurement of both
regions is necessary to observe changes in
the average power of SEMG in each case.

that “.. most people feel the sensation in the neck rather
than in the diaphragmatic region..”

We have already mentioned that it is possible to prolong
the breath-holding even after a physiological response for
a certain period of time, which was expected to happen
during our experiment [28].

Recently, professor Lejun’s group published papers on
changing the pedaling performance of elite cyclists, showing
changes in the average power output of the SEMG signals of
different locomotor muscles due to fatigue, as well as during
the recovery period [29]. Their result showed significant
changes in two of the four measured groups.

Our result of 16.6% of the volunteers showing a sig-
nificant influx exclusively in the DIA region is in a range
of human left-handedness. “There has been very little

‘ DOI: https://doi.org/10.2298/SARH1911180370

This indicates that the physiological response of the
respiratory center in the medulla to a prolonged breath-
holding can be observed by approximately doubling P, , in
one of SCM or DIA regions.

It would be beneficial to repeat this research on a larger
population, as well as on different cases of health etiology.
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MpomeHa cHare NOBPLUMHCKOr eIeKTPOMMOrpama NpPu 3aaprKasatby Aaxa

Mupko Octojuh'?, Munan Munocasbesuh', Anekcanppa Kosauesnh?®, Muogpar Ctokuh?*, Hophe CredaHoBuh’,

lopaaHa Manguh-Tajuht, Jbumbana Jenmunh*

'YHusep3uteT,CuHrnayHym’, akynteT TeXHUUKUX Hayka, beorpag, Cpbuja;

2/lcTpaxnBauKo-pa3BojHM MHCTUTYT  LieHTap 3a yHanpeherbe X1BoTHUX akTBHOCTM', Beorpag, Cpbuja;
*BojHomeamMUMHCKa akagemuja, LieHTap 3a knuHunuky dapmakonorujy, beorpag, Cpbuja;

*UHCTUTYT 32 eKcnepumeHTanHy GoHeTUKY 1 natonorujy rosopa, hophe Koctuh’, beorpag, Cpbuja;
YHueep3utet y beorpapy, ®akynteT 3a cnopt v dusnyky Kyntypy, beorpag, Cpbuja;
BojHOMeaMLMHCKa akagemuja, MepgnumHckm dpakyntet, beorpag, Cp6uja

CAXETAK

YBoga/LUnm bpojHe cTyanje NoBPLUIMHCKMX enekTpoMuorpad-
cKux (SEMG) curHana Kao OAroBop Ha NPOMeHe pPasfinunTux
napameTapa fijyicatba, HAPOUMUTO Ha CTEPHOKIIENOMACTOUAHVIM
muwmhnma (SCM) n gujadparmu, ykasane cy Ha obehasajyhe
NPeAHOCTY HUXOBOT UCTOBPemeHor npahera ca moryhm npu-
MeHama y aHanu3u tuxose Kopenauuje. OBo je MOTVBMCANO
AeTasbHy CTaTUCTUYKY aHanu3y npoceyHe cHare (P, ) Ha SEMG
CUTHaNMa TOKOM NPOAYXKEHOT 3a[ipXaBatba fjaxa, CToBpeme-
HO MepeHux y obnactma SCM n gujadparme.

Metope Ou3ronoLika MeToAa 3appKaBatba fjaxa NpuMerbeHa
je Ha 30 3gpaBux JO6POBOIbALIA, U To SEMG mepetbem 06nacT
SCM v pnjadparme npe, TOKOM 1 Mocie Bex6e 3aapxKaBaka
faxa. CBM NCNUTaHULM Cy Cefien y yCnpaBHOM MO0OXajy, a
HOCHWLe Cy 6usie 3aTBOPEHE JECHVM KaXXUMPCTOM 1 Nanyem
TOKOM 3agp»KaBatba Aaxa. Pagu cHxpoHmu3aumje 3anuca, Ko-
PUCHVK 61 MPUTKCHYO NocebaH NpeKraay APYromM PyKOM Ha
MOYeTKyY U Ha Kpajy eKcrieprMeHTa 3aapKaBatba Aaxa. [pocey-

DOI: https://doi.org/10.2298/SARH1911180370

Ha cHara sEMG (P, ) n3mepeHa je 3a CBaKu CUrHaIHM Npo30p
oA 500 ms.

Pesyntatu P, ocTaje HeNMpoMmetbeH Npe 1 Tpy CeKyHAe nocse
Bex6e. TOKOM 3aBpLUeTKa 3aJpaBakba Jaxa, 6ap jegHa obnact
nmara je P, npupalutaj of MUHUMAanHo 91%. CTyaeHToB t-Tect
n3mebhy curtana SCM nokasyje 3HauajHy pa3nuky og p < 0,001,
[OK Kop Aujadparme nsoctaje. Maga cy pesyntatu nokasanu aa
je SCM pommHaHTHa obnacty 76,67% cnydajeBa, eKCKNy3VBHY
P,, mpvpaLuTaj y 06nactv aujadparme OTKPUBEH je y TaYHO NeT
cnyyajeBa (16,67% yKynHor 6poja McnmTaHuKa).

3aK/byyak Halle ncTpaxuBare BOAU 3aK/byUKy O HEOMXOA-
HOCTV NCTOBpeMeHoTr Mepera SCM v gujadparme Kako 6 ce
youwue JOMUHaHTHe npoMeHe SEMG TOKOM 3appaBatba faxa.
D13MONOLIKN OArOBOP PECMMPATOPHOT LIEHTPA MOXe ce Npu-
MeTUTV MPUBAVXKHO YABOCTPYYeHUM P,y jeHOj of obnactu
SCM vinun gujadparme.

KrmbyuHe peun: NOBpLUMHCKM eNeKTPOMMOTrpaMm; 3afpKaBarbe
Aaxa; CTepHoKengomacTongHy mywmh
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Attitudes towards repetitive transcranial magnetic
stimulation among depressive patients and medical
students
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SUMMARY

Introduction/Objective Repetitive transcranial magnetic stimulation (rTMS) is a non-invasive and safe
brain stimulation method for the treatment of therapy resistant depression in adulthood. The German S3
guideline for unipolar depression recommends the use of high frequency rTMS of the left dorsolateral pre-
frontal cortex for depressive patients who did not respond primarily to antidepressant pharmacotherapy.
Although a number of meta-analyses demonstrated its antidepressant efficacy on a high evidence level,
rTMS is rarely offered to patients with mental disorders in German psychiatric hospitals.

Methods We introduced a questionnaire-based survey examining patients’(n = 122) and medical students’
(n = 53) attitude towards rTMS. The questionnaire consisted of 10 questions with a 5-point Likert-scale.
When testing for group differences, we conducted ? tests.

Results The majority of students and patients are not aware of rTMS as a psychiatric treatment of de-
pression, with more patients than students not being aware (y*(1) = 9.462, p = 0.002; 39.3% vs. 17%).
However, participants wish to be informed in more detail about rTMS. In general, positive attitudes cover
the assumption of safety, while negative attitudes show concerns regarding the efficacy and a lack of
trust in the method, mainly due to the fear of irreversible brain damage. Most participants would rather
take psychiatric medication than rTMS. rTMS was assumed to be a helpful [y*(2) = 16.710, p < 0.001 (pa-
tients: 32.8% vs. students: 5.7%)] and well-tolerated treatment [x*(1) = 9.110, p = 0.003 (36.1% vs. 15.1%)]
significantly more often by patients than by students.

Conclusion Our results show a clear need for more information on rTMS as a psychiatric treatment for
patients and medical students to fight present prejudices and negative assumptions so that this treat-

ment method with fewer side effects than medication may be used more often.
Keywords: repetitive transcranial magnetic stimulation; attitudes; depression

INTRODUCTION

Repetitive transcranial magnetic stimulation
(rTMS) is a non-invasive and safe treatment op-
tion for patients with treatment resistant depres-
sion in adulthood [1, 2]. The antidepressant ef-
ficacy of high-frequency rTMS (10-20 Hz) over
the left dorsolateral prefrontal cortex (DLPFC)
has been suggested in a large number of studies
and meta-analyses [3-6]. It is reccommended by
the German S3-guidelines for unipolar depres-
sion as a possible treatment for patients who are
unresponsive to antidepressants [3].

Despite these promising results, rTMS was
the rarest treatment presented to patients with
mental disorders in Germany in 2012 [7]. Only
9% of German psychiatric clinics offered rTMS,
making it even more infrequent than electro-
convulsive therapy (ECT), which was used in
43% of institutions [7].

Based on these results, there appears to be a
discrepancy between the evident antidepressant
efficacy and tolerability of rTMS and its ap-
plication in everyday psychiatric practice. One
possible reason for this may include issues with

health insurance coverage, as costs of an rTMS
treatment on an outpatient basis are currently
not covered by the German statutory health in-
surance. Therefore, a reimbursement is restrict-
ed to patients who are insured privately with
adequate cover as well as self-payers. However,
it is possible to offer rTMS as a treatment cov-
ered by German statutory health insurance for
inpatients free of further costs, thus insurance
coverage alone might only partly explain why
this treatment is used so rarely. Lack of public
knowledge about rTMS, as well as patients’ and
medical staffs’ experiences, opinions and atti-
tudes towards the treatment may also explain
why it is so infrequently employed.

Though it is widely known that physical
treatments in psychiatry such as ECT are stig-
matized in the public opinion, it is less clear
how the public and patients perceive rTMS [8,
9]. Walter et al. [8] conducted a study exam-
ining experience, knowledge, and attitudes of
recipients of rTMS regarding the treatment.
They found that significantly fewer patients
remembered adverse side effects (muscle
aches, nausea or vomiting, confusion and
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memory impairments) after rTMS than after ECT and
psychopharmacological treatment [8]. Experience and
opinions about rTMS were found to be generally positive
compared to psychopharmacological treatment and ECT
[8]. Moreover, there is a first questionnaire based study
focusing patient’s attitudes towards rTMS, which found
that most of the study patients (suffering from treatment
resistant depression) recommended the use of rTMS in
case of depression [10]. Though these results are promis-
ing, further research is necessary to solidify these findings
and to establish how patients and medical staff perceive
this therapy. Thus, we set out to examine medical students’
and patients’ awareness and opinion about rTMS, in the
hope that this knowledge will explain the current lack of
interest in this treatment and to help promote it as a safe
and effective way to treat depression.

METHODS

To examine patients’ and students’ attitudes towards rTMS
treatment for depression a questionnaire was developed
and used in a preceding study employing a sample of 150
depressive patients, 150 health workers and 150 healthy
controls [11]. In the current retrospective questionnaire-
based study, 122 depressive inpatients were recruited at the
LVR Psychiatric Clinic in Diisseldorf. The patients received
their diagnoses by common clinical assessment using the
Diagnostic and Statistical Manual of Mental Disorders -IV
criteria [12]. The patients were given the questionnaire
to fill in at their own responsibility. Moreover, 53 medi-
cal students of the medical facility of the Heinrich Heine
University of Diisseldorf were recruited within a university
course. They filled out the questionnaire at the end of a
randomly chosen medical lecture. No further inclusion or
exclusion criteria were applied. There was no further ran-
domization because of the design of the study. The ques-
tionnaire consisted of 10 questions, where answers have
to be given on a five-point Likert scale with the extremes
“totally agree” and "totally disagree®. The questionnaire was
handed to the patients by the nursing staff and collected
anonymously in sealed envelopes to eliminate potential
bias. Medical students filled out the questionnaire after a
university course and the patients during their inpatient
stay. All participants gave their informed consent and the
institutional Committee on Ethics of the Heinrich Heine
University of Diisseldorf (No. 2807) approved the study
protocol. When testing for group differences, we conduct-
ed x* tests on our (originally Likert-scaled) data, which is
appropriate for categorical data such as our Likert-scaled
data. For ¥* tests have no assumption of normal distribu-
tion, no further pre-tests for testing it were conducted. For
reasons of presentation, data is displayed using percent-
ages. However, ¥’ tests were used on our Likert-scaled data.
Percentage scores were calculated summing up “totally
agree” and “agree” into “yes” and “totally disagree” and
“disagree” into “no.” Therefore, some values do not add up
to 100% due to neutral answers, which generally contains
little information.

‘ DOI: https://doi.org/10.2298/SARH190925042E
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RESULTS

The students consisted of 69.2 % women and were aged
between 18 and 69 years (M = 43.5, SD = 12.2). Moreover,
the medical students (60.4 % women) were aged between
23 and 44 years (M = 26, SD = 4.63). Our results show,
that the majority of students and patients are not aware
of r'TMS as a psychiatric treatment for depression, with
patients being significantly more aware than students
[x*(1) = 9.462, p = 0.002; 39.3% vs. 17%]. However, most
students and patients would apply it in case of acute de-
pression, although the majority of participants do not trust
rTMS. Most patients and students seem to assume that
r'TMS causes irreversible brain damage and brain manipu-
lation as an adverse side effect and only 34% of students
and 41% of patients are unafraid of rTMS. Medication
seems to be preferred over rTMS despite fewer side effects
of the latter. Most medical students do not perceive rTMS
as a helpful treatment, whereas patient attitudes appear to
be more polarized: about one third perceive it as helpful
and one third have the opposing opinion. This difference
is significant: x*(2) = 16.710, p < 0.001 (patients: 32.8% vs.
students: 5.7%). Moreover, significantly more patients than
students think that rTMS as a treatment for depression is
a well-tolerated method [x*(1) = 9.110, p = 0.003 (36.1%
vs. 15.1%]. Altogether, it appears that patients have a more
positive attitude towards rTMS than the students do.
A larger proportion of patients than students are aware and
willing to receive more detailed information about rTMS.
Table 1 contains detailed distribution of answers concern-
ing attitudes towards rTMS for students and patients.

DISCUSSION

rTMS is a safe, evidence-based brain stimulation technique
for patients who do not primarily respond to psychophar-
macotherapy [13]. rTMS is regularly used less often than
psychopharmacotherapy and even than ECT in German
psychiatric hospitals [96% standard therapy (psychophar-
macotherapy) vs. 41% standard therapy (ECT) vs. 4%
sometimes used (rTMS)] [7]. In the German population,
ECT is generally not well known and is associated with
negative attitudes [14]. Still, it is used more often than
rTMS, although more negative side effects are reported
under ECT than under rTMS application [8]. In an existing
report the majority of participants would prefer psycho-
pharmacotherapy over an application of rTMS, although
patients experience fewer side effects through rTMS than
through the medication [8].

In our study, we aimed to further explore the reasons
for the low application rate in German psychiatric hospi-
tals using a questionnaire assessing attitudes of patients
and medical students toward r'TMS. The results show
that the majority of students and patients are not aware
of rTMS as a psychiatric treatment for depression. Sig-
nificantly more patients compared to students were not
aware of rTMS. However, participants wish to be informed
in more detail about rTMS. In general, positive attitudes

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):447-450
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Table 1. Distribution of answers (in %) concerning attitudes towards repetitive transcranial magnetic stimulation (rTMS) for students and patients;
positive and negative answers were combined to “yes”and “no”; values do not add up to 100% due to neutral answers

Answers Students Patients 0
Yes No Yes No
1. rTMS is an efficient method. 39.5 54.7 50 435 0.175
2.rTMS is a well-tolerated method. 15.1 35.8 36.1 20.5 0.003*
3.rTMS is a safe method. 62.3 30.2 61.4 336 0.740
4. rTMS treatment has few side effects. 86.8 1.9 73 9 0.075
5.rTMS is a helpful treatment. 5.7 64.2 32.8 37.8 <0.001*
6.1 am afraid of rTMS treatment. 1.3 34 18.8 41 0.154
7.1 have confidence in rTMS treatment. 18.9 58.5 24.6 50.8 0.592
8.1am afraid that rTMS treatment can manipulate my brain. 226 358 26.2 443 0.328
9.1 am afraid that rTMS treatment can cause irreversible brain damage. 39.6 11.3 443 18.9 0.221
10. 1 would prefer to apply rTMS rather than medication. 13.2 66.1 229 49.2 0.117
11. 1 would apply rTMS in the event of acute depression. 56.6 15.1 443 26.3 0.206
12.1am aware of rTMS as a psychiatric treatment of depression. 17 83 39.3 56.6 0.002*
13. 1 would like to have more information about rTMS. 49 18.9 574 214 0.249

p - value of x? test;
*statistically significant

include the assumption of safety, while negative attitudes
show concerns regarding the efficacy and a lack of trust
in the method, mainly due to the fear of irreversible brain
damage. Most participants would rather take psychiatric
medication than rTMS. Our results could show a signifi-
cant need for more information about rTMS as a psychi-
atric treatment for patients and medical students to fight
present prejudices and negative assumptions so that this
antidepressant method with fewer side effects than medi-
cation may be used more often following the guidelines.
Positive attitudes cover the assumption of safety of the
method, which stands in line with the findings of mul-
tiple randomized controlled trials and meta-analyses [2,
3]. However, in general participants showed a more nega-
tive attitude toward rTMS, which contradicts the findings
of Singh, Sharma [15]. Our participants stated that they
lack trust in the method and its efficacy, and that they
are afraid of rTMS application, mainly due to irreversible
brain damage. The reason might be the information deficit
about rTMS as a psychiatric treatment in most partici-
pants, which was likely replaced by common prejudices
connected with other brain stimulation techniques such
as ECT [15]. The patients in our sample have a more posi-
tive attitude towards rTMS compared to medical students,
with significantly more assumptions about the treatment
being helpful and well tolerated than students. Our find-
ings stand in line with a finding that patients who were
treated with either sham or verum rTMS would recom-
mend r'TMS to others [10]. In their study AlHadi et al.
[16] found that only 53% of the psychiatrists would agree
to receive rTMS if they experienced a psychotic depressive
condition, but 93% would refer their patients for rTMS.
However, they could show in their study that psychiatrists
had a more positive attitude towards rTMS if they had a
family member or relative who was treated with rTMS.
Meta-analyses constantly concluded that a patient’s experi-
ence with a brain stimulation technique (ECT) has a posi-
tive impact on attitudes toward it [9, 17]. This emphasizes
the necessity of familiarity with the method and therefore
a need for more detailed information for patients, but also

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):447-450

medical staff in clinics [14, 18]. Possible limitations of the
study include the small number of questions within the
questionnaire, the non-standardized testing conditions,
and the limited restricted variety in participant charac-
teristics (only depressive patients and medical students).
Therefore, the results of our study cannot be generalized
to other groups without further research. Thus, future re-
search could examine the public attitudes towards rTMS,
other patient groups, and medical staff.

CONCLUSION

Our results show that there is still an obvious need for
more information about rTMS as a psychiatric treatment
for patients and for medical students. Only a small number
of patients and medical students are aware of rTMS as a
treatment for depression and they wish to have more infor-
mation about it. This mirrors existing results about the lack
of public awareness of rTMS as a treatment alternative for
depression. Therefore, the issue of rTMS and other brain
stimulation techniques has to be covered in university lec-
tures to expand the treatment horizon of future practitio-
ners. Awareness of r'TMS should be raised via advanced
training for medical and nursing staff in hospitals, so they
can offer these economical and efficient treatment options
to relevant patients. Patients’ doubts, prejudices, and fears
need to be addressed by well-informed staff or by other
patients, who have already experienced rTMS.
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UcnutuBarba CTaBOBA CTYAEHATa MeAMULMHE U AenpecuBHMX 6onecHUKa o
peneTUTUBHOj TPAHCKPAHWUjaNHOj MAarHETHOj CTUMYNALM]K

KpuctuHa EHrenke', Muxaena Jenep', Joaxum Kopgec?, W3aben Epunrdeng', leonxapg Knajsep', Munerko Kyjosuh'
'YHuBep3uteT, XajHpux XajHe’, MegnumHcku dakynteT, Katepa 3a ncuxujatpujy n ncuxotepanujy, Ancenpopd, Hemauka;

“Kaiserswerther Diakonie, Qucengopd, Hemauka

CAMXETAK

YBoa/Uwnrb PenetnutneHa TpaHCKpaHmjanHa MarHeTHa CTu-
mynauuja (pTMC) jecte meTofa HevHBa3MBHOT 1 6e36egHor
neyetrba ofpacnmx bonecHKka obonennx of Tepanujckn pesu-
CTeHTHe genpecuje. Hemaukn C3 BogmY 3a yHUnonapHy genpe-
Cujy Npenopyuyje TpeTrparbe NeBe CTpaHe Aop3oaTepanHor
npedpoHTanHor KopTtekca BUCOKO ppekBeHTHUM TMC-om Kop
JenpecrBHUX 60NECHMKa Koju HUCY MPETXOAHO Ofpearosanm
Ha aHTAenpecrBHY dapmMakoTepanujy. YNpKoc Tome WTo je
BULLE MeTaaHann3a ykasano Ha BUCOK CTeMeH heHOr aHTuae-
npecviBHor aejcta, pPTMC ce peTKo NpuUMetbyje Kof 601ecHKa
ca MeHTaH1M nopemehajyma y HeMauK/M NCUXMjaTPUjCcKUM
ycTaHoBama.

MeTtope VicTpakmBarbe CTaBOBa MO NuTamy nevera pTMC-om
CrpoBefeHO je y GopMM aHKeTe, a YKIbyuuno je 122 6onecHuka v
53 cTypeHTa MeguLMHe. YNUTHYK ce cacTojao og 10 nuTtarba, AoK
Cy OArOBOPM paHrMpaHy Npema netocteneHoj ckanu JInkepr.
3a TecTvpatrbe pasnyika y rpynama crpoBeny CMO TeCToBe 2
PesynTtatmn BehunHa ncnutaHuka Huje ynosHata ca pTMC-om kao
Moryhom MeTofoM Nieyerba Aenpecuje, LTO je 3paxeHuje Kof
60JIeCHIKa HEro KoA CTyfeHaTa ()(2(1) =9,462, p=0,002; 39,3%
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Hacrnpam 17%). MehyTrm, yuecH1UM Cy NoKasanu NHTepeco-
Batbe Aa byny aetarbHuje obasewwTeHn o pTMC-y. YonwTteHo,
MO3UTVBHW CTaBOBY Ce YrTaBHOM 3aCHUBajy Ha MPeTNoCTaBLM
0 6e36eHOCTU MeTOAe, OK HeraT1BHM CTaBOBY YKasyjy Ha
3abpUHYTOCT MO NUTakby ePUKacHOCTY N HefjoCTaTak NoBe-
pea y 0By METOAY, YriaBHOM 360r CTpaxa of HEMOBPAaTHUX
MoXpaaHux owTeherba. BehuHa yuecHuka 6u paguje yaumana
ncuxujatpumjcke nekose Hero ce nogspria pTMC-y. bonecHuun,
y Behoj mepu Hero cTyaeHTH, Buge TMC Kao KOpUCHY MeTogy
neuetba [y’(2) = 16,710, p < 0,001 (6onecHnLm 32,8% Hacnpam
cTyneHTv 5,7%)], koja ce fobpo noarocu [’(1) = 9,110, p = 0,003
(36,1% Hacnpam 15,1%)].

3aKsby4aK Haluy pe3synTat jacHO yKasyjy Ha TO Aa NOCToju NOT-
peba 3a 60/bUM UHGopMMcatbem o pTMC-y, Kako 6onecHUKa,
TaKo 1 CTyAeHaTa MefuLMHe, Yime 61 ce yTULIao Ha CMakberbe
npeapacyna 1 CymMiby Be3aHUX 3a ynotpeby ose meToge. Y3u-
Majyhu y 063up npenopyke BoAnYa, 0Ba aHTUAENpecBHa Me-
TOAa, KOja Ma Makbe HycrojaBa Hero 1ekoBu, Tpebano 6u aa je
yelwhe 3aCTynbeHa y fieuetby Hero LUTO je TO TPEHYTHO Cyyaj.
KmbyuHe peun: peneTutviBHa TpPaHCKpaHwMjanHa MarHeTHa CTu-
Mynaumja; CTaBOBY; fenpecuja
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SUMMARY

Introduction/Objective There are extramedullary and intramedullary methods of trochanteric fractures’
internal fixation with implants having a lag screw. The objective of this study was to examine the differ-
ence in impact of these fixation types on final hip function and health-related quality of life.

Method There were 75 patients treated for a trochanteric fracture, using self-dynamisable internal fixator
(SIF group), as an extramedullary method, or gamma nail (GN group), as an intramedullary method. These
patients were called for the evaluation of Harris Hip Score (HHS) and SF-12 questionnaire at least two
years after surgery. The SF-12 questionnaire has dual expression - physical component score (PCS) and
mental component score (MCS).

Results There were no significant differences between the SIF group and the GN group regarding HHS,
PCS, and MCS. Positive correlation was confirmed between HHS, PCS, and MCS, with the strongest rela-
tion between HHS and PCS. Negative correlation was confirmed between age and HHS.

Conclusion There was no difference in final hip function and health-related quality of life between SIF and
GN methods in trochanteric fractures treatment (p > 0.05). These parameters of outcome were confirmed
to have positive interrelation (p < 0.05). Both submuscular presence of extramedullary implant with
dimensions of SIF and the need for bone reaming in cephalomedullary fixation were considered not to
have significant impact in HHS and SF-12 scores after trochanteric fractures treatment by internal fixation.

Keywords: self-dynamisable internal fixator; gamma nail; hip function; health-related quality of life

INTRODUCTION

Trochanteric fractures occur in the proximal
part of the femur between the greater and the
lesser trochanter. These fractures are mostly
treated with internal fixation with lag screws
if the lateral wall is preserved (“no lateral wall
- no hip screw”). There are intramedullary and
extramedullary implants containing lag screws
[1, 2, 3]. In this way, self-dynamisable internal
fixator (SIF) with trochanteric unit [4, 5, 6], as
an extramedullary method, and gamma nail [6-
11], as an intramedullary method, are in rou-
tine use in trochanteric fractures’ treatment at
the Clinic for Orthopaedics and Traumatology
of the Clinical Center of Nis. There are two
types of SIF with trochanteric unit - the type
with multiple (up to three, mostly used two)
non-cannulated lag screws and the type with a
single cannulated lag screw [12].

It is desired to compare intramedullary and
extramedullary methods regarding final hip
function, general physical health, and mental
health at the end of the trochanteric fracture
treatment, due to specificities in some of these
methods - position of the implant or the need
to ream the bone [13, 14, 15].

The literature refers to health-related quality
of life in cephalomedullary as well as dynamic

hip screw (DHS) fixation of trochanteric frac-
tures. There are no results about health-related
quality of life after the use of SIF. The aim of
this study was to compare the two methods in
trochanteric fractures’ treatment - the third
generation of gamma nail and SIF with tro-
chanteric unit, regarding final results in hip
function and health-related quality of life.

METHODS

Two groups of patients treated for unilateral
trochanteric fracture were analyzed. There
were 75 cases — 42 cases (the SIF group) were
treated with SIF with trochanteric unit, hav-
ing two non-cannulated lag screws (Figure 1)
and 33 cases (the GN group) were treated with
third-generation gamma nail (Figure 2). The
excluding criteria were an implant presence in
the other hip, other fracture or polytrauma at
the same time as the trochanteric fracture, ma-
lignant tumor, disfunction of the parathyroid
gland. Consecutive patients who were available
for clinical examination and interview at least
two years after surgery (surgery was performed
in 2012 or later) were analyzed in this study.
All the patients were treated for trochanteric
fracture with internal fixation at the Clinic for
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Figure 1. Self-dynamisable internal fix-
ator with trochanteric unit, having two lag
screws, used in a case with a trochanteric
fracture

Figure 2. Gamma nail third generation, used
in a case with a trochanteric fracture

Mitkovi¢ M. et al.

to be analyzed - physical components
score (PCS) and mental component
score (MCS). More detailed analysis in
health-related quality of life, including
its subdimensions evaluation, requires
SF-36 questionnaire though [16, 17,
18]. Age was considered for the time
of the clinical assessment mentioned
above.

Both HHS test and SF-12 question-
naire values (PCS and MCS) can have
values between 0 and 100, with higher
value signifying better outcome.

Regarding statistical analyzes, t-test
and Mann-Whitney U-test were used
for differences in average values, while
X’ test was performed to compare distri-
butions between the groups. The rela-
tion between measured parameters was
assessed by bivariate correlations. The
level of significance was 0.05.

This study was approved by the
Board of Ethics of the Clinical Center

Table 1. Age, hip function (HHS) and health-related quality of life (SF-12: PCS and MCS) at of Nis.

least two years after surgery
Parameter SIF GN t/z/x? p
Sex 13M,29F 13M,20F X?=0.581 0.446 RESULTS
Age 763+ 11 733122 z=-1.213 0.225
HHS 721£173 76.3+17.8 t=1.041 0.301 Average values and distributions of fol-
PCS (SF-12) 63.1+24.8 68.2+243 t=0.880 0.382 lowed parameters, with their statistical
MCS (SF-12) 67.0 £24.8 707 £17.6 z=-0.710 0.477 differences, are listed in Table 1. There

HHS - Harris Hip Score; PCS - physical component score; MCS — mental component score; SIF - self-

dynamisable internal fixator; GN - gamma nail

Table 2. Correlations between age, hip function (HHS) and health-relat-
ed quality of life (SF-12: PCS and MCS) at least two years after surgery

Parameter HHS PCS MCS
Age r,=-0.503 r,=-0.238 r,=-0.184
g p < 0.001 p = 0.090 p=0.113
r=0.701 r =0.582
HHS p < 0.001 p < 0.001
r =0.687
PCS p < 0.001

HHS - Harris Hip Score; PCS - physical component score; MCS — mental
component score

Orthopaedics and Traumatology of the Clinical Center of
NiS. According to the AO classification, there were Al and
A2 types of proximal femoral fractures.

There were 26 male and 49 female patients. Hip func-
tion was assessed using Harris Hip Score (HHS), which
is based on both the questionnaire and clinical measures
of hip movements and leg length [13, 14]. Bone union
was achieved in all cases and there were no mechanical
complications. The SF-12 questionnaire had been used
to assess health-related quality of life. This questionnaire
is used in many clinical conditions, including patients
treated for hip fractures and has been accepted as a good
alternative for previously defined SF-36 questionnaire,
if just dimensions of health-related quality of life have

‘ DOI: https://doi.org/10.2298/SARH200301029M

were no significant differences between
the groups regarding age, sex distribu-
tion, hip function, and health-related
quality of life after trochanteric fracture union (p > 0.05).

Statistics of the correlation between measured param-
eters are listed in Table 2. Significant correlation was con-
tirmed for HHS to PCS, MCS, and age (p < 0.05). It was
also confirmed for PCS to MCS (p < 0.05). Correlation
was not confirmed for age to PCS and MCS (p > 0.05).
Confirmed correlations were both positive and nega-
tive and they were moderate (+0.5 < r < £0.7) and high
(£0.7 <r < +0.9).

DISCUSSION

It could be considered that sex and age did not have any
influence on relations between the groups regarding final
hip function and health-related quality of life after trochan-
teric fracture treatment, because there was no significant
difference in average age and in sex distribution.

Average final functional result of the treated hip was
fair (HHS had values 70-79) in both groups [19]. There
was no significant difference between the groups neither
in hip function nor in the quality of physical life (PCS)
or mental life (MCS) (p > 0.05) at least two years after
internal fixation of a trochanteric fracture. These results
suggest the following:

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):451-454
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- submuscular presence of an extramedullary implant
with dimensions of SIF does not significantly influ-
ence final functional results of the treated hip and
health-related quality of life in trochanteric fractures
internal fixation;

- the need for bone reaming in cephalomedullary fixa-
tion does not significantly influence final functional
results of the treated hip and health-related quality of
life in trochanteric fractures’ internal fixation.

There was a significant correlation between hip func-
tion (HHS) and the age of the patients (p < 0.05). This
correlation was negative; thus, it could be considered that
older age means lower function of the hip. It could be ex-
plained by the influence of different comorbidities and
osteoarthritic changes on gait and hip function in the older
population. This correlation was accepted, but the strength
of relation between hip function and age is not strictly
defined, due to the moderate correlation (-0.7 < r < -0.5)
[20]. The age of patients was not significantly correlated to
PCS and MCS (p > 0.05). These results mean that in older
population poorer final hip function can be expected, but
the quality of life is not necessarily lower at the end of the
trochanteric fracture treatment.

There was significant correlation between hip function
(HHS) and PCS (p < 0.05). This correlation was positive
and high (r 2 0.7), meaning that the strength of the rela-
tion was higher than between age and HHS. This result
confirms the importance of the gait (that is directly related
to the hip function) in general physical health, thus in the
physical component of the health-related quality of life.

Correlation between HHS and MCS was also confirmed
(p < 0.05). This corelation was positive and moderate
(0.5<r, <0.7). It could mean that hip function has influ-
ence on the quality of both physical and mental health,
with more defined relation to the quality of physical health
(PCS). Additionally, there could be concluded that quality
of mental life can be kept more stable although the hip
function is weaker. There was significant positive correla-
tion between qualities of physical (PCS) and mental health
(MCS) (p < 0.05) with almost high strength (p = 0.07).
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These results could point to the explanation that the qual-
ity of general physical health has higher influence on the
quality of mental health than just hip function and gait.

Vaquero et al. [13] analyzed the treatment of trochan-
teric fractures by gamma nail. Their reported results of
HHS were similar, while PCS and MCS were lower than
those in our study, 12 months after surgery. Li et al. [14] re-
ported values of HHS after trochanteric fracture treatment
that were higher in cephalomedullary (PFNA) and similar
in the extramedullary fixation method (DHS) compared
to our study. Saarenpéi et al. [15] found that hip func-
tion was better in the extramedullary (DHS) than in the
cephalomedullary method (gamma nail) after four months,
but authors concluded that both implants are useful in the
treatment of trochanteric femoral fractures.

CONCLUSION

Final hip function and health-related quality of life are
expected to be similar between SIF with trochanteric unit
and third generation gamma nail methods in trochanteric
fractures’ treatment. Furthermore, these parameters of out-
come were confirmed to have positive interrelation.
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CAMXETAK

Yeoa/Uwm Y yHyTpallk0j GUKCaLmju TPOXaHTEPHUX Npenoma
Ce YeCTo KopucTe eKCTpameaynapHe 1 MHTpameaynapHe me-
Tofie ca KN13HUM 3aBpThbrMa. Ll oBe cTypauje je 6uo fa ce
1CMnTa pasnvka y yTuuajy oBUx BpcTa Gukcamje Ha GyHKLMjy
KyKa 1 KBanuTeT XMBOTa MOBe3aH Ca 3ApaB/beM nocse 3aBp-
LUEHOT leYerba TPOXaHTEPHUX MpesioMa.

MeTtope AHanu3unpaHo je 75 60MeCHNKa ca TPOXaHTEPHUM
NPEeoMoM, Kojui Cy IeYEHU YHYTpaLlHboM GUKCALMjoM Camo-
AvHammn3upajyhim yHyTpaLltbum GUKCaTopoMm, Kao ekcTpame-
JynapHOM METOAOM, ¥ FraMa KJIMHOM, Kao MHTPamMeAynapHOM
MeTofoM. Kofy 0OBMX ncnTaHMKa je U3BpLUeHO 6ooBake npe-
Ma 600BHOM Cc1CTEMY 3a KYK MO Xapuvcy v npema ynUTHUKY
CD-12, Hajmambe fABe roguHe nocsie onepauuje. CO-12 ynutHUK
je 61o nckasuBaH Kpo3 ABOjaK pe3ynTar — Gr3nyKa KOMMOHEHTa
1 MEHTasIHa KOMMOHEHTA.

PesynTtatu Huje 61no 3HauajHe pa3nvike nmehy rpyna no nu-
Tatby 600BHOT CUCTEMA 3a KYK MO Xapucy, Gr3nyke KOMMOHEH-
Te HUTW MeHTasHe KoMMoHeHTe. M3mehy oBa Tpu napameTpa je

DOI: https://doi.org/10.2298/SARH200301029M

noTBpheHa NMHeapHa KopenaLiuja no3uT1BHOT CMepa, MPpu Yemy
je oBa Be3a 6una Hajjauya n3mehy 60f0BHOT cMCTEMa 3@ KYK MO
Xapvcy n dr3mnyke KomrnoHeHTe. /i3mehy ctapocTu ucnutaHmka
1 6080BHOT CrCTeMa 3a KyK no Xapucy notepheHa je niHeapHa
Kopenaluja HeraTyBHOT cMepa.

3ak/byuak V3vehy camopmHamusvpajyher yHyTpaLurber Gpuk-
caTopa ca TPOXaHTEPHOM jeAMHMLIOM U rama KnnHa Tpehe reHe-
pauuje Huje noTBpheHa 3HayajHa pasnuKka no NuTamy yTrLaja
Ha GYHKLM]Y KyKa 1 KBaUTET XKMBOTa MOBE3aH Ca 3APaB/beM Ha
Kpajy neyera TpoxaHTepHor npenoma (p > 0,05). lNotpheHa je
roBe3aHocT n3mehy npaheHnx napametapa (p < 0,05). JogatHo
Ce 3aK/byyyje Aa CybmycKynapHo nNprcycTBO UMMaHTaTa Benu-
UmHe camopmHamu3upajyher yHyTpalmer GukcaTopa, Kao 1
notpeba 3a puMoBarbem MeflyliapHe KOCTU He YTUUY 3HauyajHo
Ha Kpajrby pe3ynTaT leyerba TPOXaHTEPHMX NpesiomMa YHyTpa-
WHOM GUKCaLMjoM.

KmbyuHe peun: camoguHamusupajyh yHyTpalurm pukcatop;
rama KnvH; GyHKLMja KyKa; KBanvTeT X1BOTa NOBE3aH ca 34pa-
B/bEM
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SUMMARY

Introduction/Objective When choosing the appropriate treatment for Achilles tendon rupture, there
may be a dilemma when choosing the optimal treatment.

The objective of this study was analyzing groups of patients with acute closed Achilles tendon injury,
comparing early recovery and functional parameters in relation to treatment and first choice treatment
suggestion.

Methods The prospective study included 80 patients with acute Achilles tendon rupture. The treatment
was surgery or immobilization.

Results There is a difference in the mechanism of injury between surgically and non-surgically treated
(p =0.026). In total, 50 (62.5%) patients were operated and 30 (37.5%) patients were treated with circu-
lar plaster. The difference (p = 0.000) between the groups in the duration of treatment, The American
Orthopaedic Foot and Ankle Society (AOFAS) score and Visual Analogue Scale of pain (VAS) was shown.
Patients undergoing surgery in the first two days had better clinical results in terms of The Achilles
tendon Total Rupture score (ATRS), AOFAS and VAS. Higher satisfaction was achieved in younger people
(p = 0.036). Patients whose treatment lasted shorter were more satisfied with their status (p = 0.001).
ATRS and AOFAS score are higher in patients who are more satisfied with their own status (ATRS p = 0.301;
AOFAS score p = 0.001). Six months after the treatment, 78.75% (63/80) of patients were fully functional.
Conclusion The therapy of choice in the treatment of acute Achilles tendon rupture is surgical, as surgical
treatment is shorter; rehabilitation is faster and shorter, and the total costs associated with treatment

and absence from work are lower.
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INTRODUCTION

The Achilles tendon is the thickest and strongest
tendon in the human body. Rupture of the Achil-
les tendon accounts for 35% of all acute tendon
ruptures [1, 2, 3]. Over a period of 30 years, a
tenfold increase has been recorded in the rates of
incidence from18 to 21 per 100,000 inhabitants
per year [1, 2, 3]. Acute Achilles tendon rup-
ture (ATR) is not only common in professional
athletes, but occurs in 61% of individuals who
play informal recreational sports. Bilateral ATR
occurs in about 25-30% of cases [4].

Research shows that ATRs occur at a rate of
75% for people between the ages 30-40 [3]. It
has registered a significant rise in ruptures in
the 40-59 demographic. It is more common
in males, non-obese and obese patients. The
frequency ratio of acute ATR between men and
womenis 3: 1 [1, 2,5, 6].

Achilles tendon injuries are associated with
risk factors ranging from inflammatory and
degenerative changes, to the long-term use of
corticosteroids, testosterone, growth hormones,

and quinolone antibiotics [4, 6]. The tendon
connects musculus triceps surae for calcaneus
on the back of the lower leg, and actively plan-
tar stretches the foot and raises the heel and the
entire body to the toes. During physical exer-
tion, it exposes her to a large load on stretching,
especially with insufficient physical preparation
and warm-up.

The weakest part of the Achilles tendon is
2-6 cm above the attachment on the calcane-
us; approximately 80% of rupture cases occur
here; and a limited portion of the blood supply
comes from the tendon. Tendon ruptures are
caused by a potent dorsiflexion force applied
to calf and/or foot [3].

The clinical picture includes a very strong
pain and impossibility of plantar flexion, espe-
cially standing on the toes of the injured foot.
The diagnosis is made by clinical examination
(normally confirmed by the Thompson Test or
a palpation test), an ultrasound examination, or
by magnetic resonance imaging [1, 4, 6].

The treatment options for acute Achilles
tendon injury comprise both initial care and
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further non-surgical and surgical rehabilitation. Initial
care includes the PR.I.C.E. procedure (protection, rest,
ice, compression, and elevation). Although identifying
treatment is challenging, there are several modalities, from
conservative therapy to open surgical reconstruction, avail-
able to patients. No matter what the technique is, relatively
good, functional outcomes are likely.

Surgical treatment has a lower rate of re-rupture com-
pared to conservative therapy (4% vs. 10%, respectively),
and fewer working days, but records higher rates of com-
plication. Minimally invasive percutaneous techniques
are an alternative to traditional treatment. And despite
similarly low rates of re-rupture and early complications
compared to open surgery, it is accepted that percutane-
ous techniques be used with caution because sural nerve
lesions are possible [2, 6, 7].

Surgical treatment, for instance, also involves joining
the ends of the tendon with one of several surgical tech-
niques. This method of treatment has several advantages,
namely for the anatomical restitution of the tendon and
preservation of its length, the reduction of the tendon scar
tissue at the site of adhesion, and primary healing of the
tendon at the optimal time. Some scholars maintain that
surgical treatment is superior only if done within the first
48 hours of rupture, while others argue for surgical treat-
ment, best performed within the first week of rupture [8].

Non-operative, conservative treatment, however, in-
volves wearing a knee-length circular cast with the foot
in a gravitational equinus and the knee in a slight flex-
ion of about 10°, for 6-8 weeks. As physicians, we reserve
this method of treatment for people who lead a sedative
lifestyle and more comorbidities because patients recover
more slowly and are at higher risk of Achilles tendon re-
rupture by up to 50%, perhaps more [6, 9, 10]. Although
each method of treatment has its advantages and disad-
vantages, there is no consensus on which option is the
best. Surgical treatment appears to reduce the risk of re-
rupture and give a better functional outcome compared to
non-surgical treatment. The percentage of re-ruptures in
operated patients is 0-11% [7-13].

There are several approaches to surgical techniques for
treating a fresh tendon ruptures. The operative approach
is posteromedial, recommended with a relief incision in
the shape of an elongated letter “S”, along the inner edge
of the tendon. The posterior medial and posterolateral
approaches are less commonly used. They show the best
results in younger athletes among those with early surgery;
among older recreationists, surgery can be avoided by im-
mobilizing the lower leg for 6-8 weeks, depending on the
severity of the injury [8].

After 12 weeks, the patient should be able to walk with-
out an immobilization boot, have a near complete range of
motion, and a certain level of muscle strength. Complete
recovery from ATR surgery takes 6-9 months, depending,
a great deal, on the quality of physical therapy experienced
by the patient. Research has shown that accelerated postop-
erative protocol, with gradual loading and mobilization of
the joint results in better general health and vitality in the
six months immediately following surgery [14].
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The aim of this study was to analyze the population
with the acute ATR treated at the Clinic for Orthopedic
Surgery and Traumatology of the Clinical Centre of Serbia
in Belgrade, over a two-year period. We compared early
recovery after acute ATR in operated and conservatively
treated patients to the parameters of functionality rela-
tive to treatment, to suggest the treatment of first choice
regarding the acute rupture of the Achilles tendon in our
population.

METHODS

We designed this research as a prospective study at the
Clinic for Orthopedic Surgery and Traumatology of the
Clinical Centre of Serbia in Belgrade, Republic of Serbia
from January 2017 to November 2019, in accordance with
the standards of the institutional Committee on Ethics.
The study included 80 patients of both sexes with acute
ATR. All patients experienced sudden pain in the heel
area, difficulty walking and were unable to lift their heel.
Participation criteria for the study included: patients with
acute ATR within two weeks of injury; a palpable gap at
the ruptured Achilles tendon and a positive Thompson
test; and a B-mode ultrasound that proved an acute ATR.
All patients agreed to complete the questionnaire and pro-
vide the data for the scores and follow-up over the next
six months.

Exclusion criteria from the study were chronic ATR,
open ATR, incomplete clinical data, and a history of
long-term corticosteroids or quinolones use, those who,
although necessary, wished not to have the operation. Pa-
tients who lost to follow-up, or were followed for a period
less than six months, were excluded from the study. In-
formed consent was not signed for reasons of confiden-
tiality and the confidentiality of data. Instead, informed
consent was oral. All operated patients signed surgical and
anesthetic consent, which is in accordance with the Ethics
committee principles.

Questionnaire collected research data, involving two
parts. The first part was socio-demographic data (age, sex,
body weight, comorbidities, occupation, mechanism of
injury and lateralization of the injured Achilles tendon),
and the second part of the survey contained data used for
scores [The American Orthopaedic Foot and Ankle Society
(AOFAS) score, the Achilles tendon Total Rupture score
(ATRS), and Visual Analogue Scale of pain (VAS)].

The same specialist clinically examined all patients
(palpation test and Thompson test). They performed ba-
sic laboratory and radiographic diagnostics, after which
a decision was made on the method of further treatment.

Surgery was performed under spinal or regional block
anesthesia, under ultrasound control. Non-operative, con-
servative treatment involved wearing a circular plater cast
(immobilization of Paris). All patients continued physi-
cal therapy for six months. Steps of surgery are shown in
Figure 1.

Modern methods of descriptive (tabulation, graphi-
cal representation, measures of central tendency and
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Figure 1. Steps in surgery: position for surgery; surgical approach;
Achilles tendon location; Achilles tendon rupture; postoperative suture

variability analyzed data; odds ratio, probability) and ana-
lytical statistics (distribution normality test Kolmogorov-
Smirnov test; x> test; t-test; linear and logistic regression;
linear correlation; one way ANOVA; ROC analysis) using
the SPSS, software package version 26.0 (IBM Corp., Ar-
monk, NY, USA). Statistical significance was set as the
value of p < 0.05.

RESULTS

Follow-up of our patients, who were divided into two
groups, lasted up to 180 days. The average follow-up of
patients who were surgically treated was 177 £ 11 days, and
conservatively treated 175 £ 11.5 days, which is without a
statistically significant difference (p = 0.437).

Table 1 shows the demographic characteristics of pa-
tients. Table 2 shows data on treatment and functionality
of patients with acute ATR.

Table 1. Demographic data

Variable =50 |ofparsinesn | P
Age (years) 4242 +8.23 45,93 +8.91 0.077
Sex 0.021
Female 1 14

Male 39 16

Weight 81.28 £ 11 7853 £12.41 0.305
Comorbidity 0.568
Diabetes mellitus 12

Others 7

Absent 31 19

Affected side 0.358
Left 21 10

Right 29 20

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):455-461

Profession 0.568
hysical sty 43 2
Housewife/
unemployed 3 3
Worker 4 4
Mechanism of injury 0.026
Recreation 27 9
Work 4 2
Daily activities 13 12
Does not know 6

Table 2. Treatment and functionality data
Variable O ey | en | P
Type of anesthesia 0.002
Spinal anesthesia 38 NA
Regional block anesthesia 12 NA
'(?:j‘;ﬁ;‘ oftreatment | 14541142 | 691741284 | 0.000
Complications 0.642
Infection 1 0
Delayed wound healing 3 0
Paresthesia 5
Absent 41 26
ATRS score (0-100) 89.1+11.9 87.5+297 | 0473
AOFAS score (0-100) 90.18 +4.23 | 83.63+6.22 | 0.000
VAS pain (0-10) 8.92+0.6 7.93+0.78 0.000
Palpation test 0.606
Positive 43 27
Negative 7 3
Thompson test 0.809
Positive 32 20
Negative 18 10
Plantar flexion (degrees) 0.007
0(0°) 3 0
1(0-10°) 15 5
2(11-20°) 29 15
3(21-30°) 3 10
Dorsiflexion (degrees °) 0.866
3(7-10° 19 12
4(11-15°) 28 17
5(16-20°) 3 1
Toe gait 0.008
No difficulties 27 25
Mild difficulties 23 5
Satisfaction rate (1-10) 0.000
6 (acceptable) 2 12
8 (satisfied) 30 16
10 (very satisfied) 18 2
Re-rupture 0.712
No 49 29
Yes 1 1
(E(’;;;ast)'on of treatment 8824132 | 69.1+16.84 |0.000
Physiotherapy All underwent
:g::hnscuonahty after six 0.009
Yes 44 19
No 6 11

ATRS - The Achilles Tendon Total Rupture Score; AOFAS — The American Ortho-
pedic Foot and Ankle Society; VAS - visual analogue scale
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Table 3. The impact on clinical outcomes over time

Interval between ATR | AOFAS score ATRS VAS pain | Satisfaction rate
and surgery (days) (0-100) (0-100) (0-10) (1-10)
0-2(n=19) 90.58 £3.82 | 91.29+2.81 | 895+0.62 8.42+0.84
3-7(n=31) 89.94+45 | 87.77+129 | 89106 8.78£1.22
Significance 0.606 0.319 0.804 0.276

ATRS - Achilles Tendon Total Rupture Score; AOFAS — American Orthopedic Foot and Ankle
Society; VAS - visual analogue scale

Table 4. The prediction of a positive treatment outcome by groups

Full functionality
after six months

Open surgery
(n=50)

Immobilization of Paris
(n=30)

All patients
(n=280)

Predicted outcome

84% (42/50)

63.4% (19/30)

76.3% (71/80)

Observed outcome

88% (44/50)

63.4% (19/30)

78.8% (63/80)

Ille M. et al.

series, 78.75% (63/80) of patients were fully
functional six months after acute ATR and
treatment.

We made predictions using the following
variables: length of treatment, ATRS, and
AOFAS scores that showed a significant as-
sociation with outcome.

Table 4 shows the prediction of a positive
treatment outcome by groups (probability of
an excellent outcome).

There is a statistically high correlation
between predicted and observed numbers.
Our logistic regression model used treat-

ATRS is a composite patient-reported instrument
with high reliability, validity, and sensitivity that mea-
sures symptom-related outcomes and physical activity
after treatment in patients with a total ATR. ATRS is self-
administered and comprises 10 questions, each valuated
0-10 points. ATRS ranges 0-100, 100 being the highest
score. It tests the following in the calf/Achilles tendon/foot:
strength, fatigue, stiffness, and pain. It also measures limi-
tations in daily activities, walking, climbing stairs, jumping,
and hard physical labor [2, 15].

In 1994, AOFAS established rating systems for the an-
kle-hindfoot, midfoot, hallux, and lesser toes. Originally
published in Foot Ankle International, the Ankle-Hindfoot
Rating System incorporates subject and objective evalua-
tions of the ankle-hindfoot. Patients report their pain and
physicians assess alignment. Scores range 0-100, with
healthy ankles receiving 100 points. This score may as-
sess the ankle, subtalar, talonavicular, and calcaneocuboid
joint levels and may be useful for fractures, arthroplasty,
arthrodesis, and instability procedures [16].

Table 3 shows the impact on clinical outcomes over
time, typically from the time of ATR and surgery. Patients
who received surgical treatment of the Achilles tendon
within the first two days of trauma showed better clinical
results in relation to ATRS, AOFAS score, and VAS pain.
Assessments of satisfaction with treatment and functional
status (self-evaluation) proved to show slightly better re-
sults in the second group, but without a statistically sig-
nificant difference between the groups.

We analyzed patient satisfaction in relation to the age
of the patient (F = 3.470; p = 0.036). We concluded that
the prevalence of higher satisfaction was in younger pa-
tients. The treatment and satisfaction duration analysis
(F =7,763; p = 0.001) was also performed. Results further
concluded that those whose treatment lasted shorter re-
ported greater satisfaction with their status.

The results of ATRS and AOFAS score are higher in pa-
tients who are more satisfied with their own status (ATRS
p =0.301; AOFAS p = 0.001). The AOFAS score is a signifi-
cant predictive indicator. VAS pain does not show statisti-
cal significance in relation to self-evaluation (p = 0.070)

Logistic regression analyzed the outcome of treat-
ment aiming at full functionality through predictive vari-
ables that proved significant in statistical analysis. In our

‘ DOI: https://doi.org/10.2298/SARH200517047I

ment duration in which the ATRS and AO-

FAS score had a significant predictive value,
as (Wald x2 = 8.406; p = 0.004) was also analyzed using
ROC analysis. Exemplary models for prediction have a
value above 0.5 (if less than 0.5, model is no better than a
random prediction). Predictive values are shown in Figures
2 and 3 and Table 5.

ROC Curve

Source of the
Curve
AOFAS

—— ATRS

08 Reference Line

06

Sensitivity

0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Figure 2. The area under the receiver operating characteristic curve
for the following the Achilles Tendon Total Rupture Score (ATRS) and
American Orthopedic Foot and Ankle Society (AOFAS) prognostic
scores for the patients who fully functionally recovered within six
months after acute total rupture of the Achilles tendon

Overall Model Quality

AOFAS

i I 1 1
060 070 080 080 1.00

probability

Figure 3. Overall power of prognostic model; both the Achilles Tendon
Total Rupture Score (ATRS) and American Orthopedic Foot and Ankle
Society (AOFAS) scores are highly reliable and internally consistent
(Cronbach alpha p =0.001)

Table 5. Predictive strength of Achilles Tendon Total Rupture (ATRS)
and American Orthopedic Foot and Ankle Society (AOFAS) scores
analyzed by receiver operating characteristic (ROC) curve

Predictive variables | Area under the ROC P Cl95%
ATRS 0.773 0.000 | 0.659-0.886
AOFAS 0.736 0.000 | 0.621-0.852
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DISCUSSION

Despite increased incidences of ATR, the best strategy for
treatment remains a topic of debate. Surgical treatment
is preferred options for many authors, as it decreases the
time needed to go back to work after injury, better quality
of life and full functionality.

Knobe et al. [11] compared percutaneous treatment to
standard open surgical treatment. The mean age of patients
with acute ATR treated with standard surgery was 44.8 + 14.1
years. Similar to the average age of our patients who were
treated with standard open surgical treatment and conserva-
tive, our work is in line with the current state of the literature,
which shows an increased trend in the 40-59 age group [11].
One domestic study, conducted by Vidi¢ et al. [17] 15 years
ago, found a preference for the surgical treatment of acute
ATR over a more conservative treatment where the average
age of patients was 38.8 + 2.79 years [17]. Considering these
data, we can say that in Serbia there is a tendency to move the
age group with the highest frequency of acute ATR.

According to the current literature, sex distribution
shows a higher incidence of acute ATRs in males. The
frequency ratio of acute ATR between men and women
in literature is 3:1. In the systematic review done by Abu-
beih et al. [3] in 2018 we were able to find different men
to women ratio raging from 1:1 to 2:1, as well results in
compliance with ours.

Opverall, a higher frequency of injury to the left Achilles
tendon was noted. This differs from our study, where the
frequency of acute rupture of the right Achilles tendon is
higher [6, 11, 12].

Grubor and Grubor [4], analyzed the treatment of acute
ATR, where the frequency of surgical treatment is higher,
81% of patients were operated upon (45% by percutane-
ous technique; 36%, surgical technique). Our study identi-
fies a statistically significant difference in the treatment of
acute ATR. Our study analyzed the mechanism of Achilles
tendon injury, and found that the most common injury
was observed during recreational sports activities, and in
our study, those were treated surgically, while the highest
frequency of injuries of those conservatively treated in our
study, occurred during daily activities, which is a statisti-
cally significant difference.

On average, all patients treated surgically or conser-
vatively within two days of injury, according to the study,
which is approximately the same as our results (3.82 +
1.20 days for surgically treated and 2.67 + 14.48 days for
patients with immobilization). All patients who underwent
an open surgical technique were under spinal anesthesia.
In our study, besides spinal anesthesia, local infiltrative
anesthesia was used. There is also a statistically significant
difference compared to our research [4].

The complications of Knobe et al. [11], were present
in 34% of cases while in our study they were present in
16.25% of cases; the most common in both studies were
paresthesias. Paresthesias can be the result of surgical
treatment or diabetes mellitus [11]. Grubor and Grubor
[4], had a similarly low frequency of ATRs as early com-
plications (one surgically treated; another, conservatively

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):455-461

treated). There were two reversals of the Achilles tendon
registered in the group of patients treated with open surgi-
cal treatment, four re-ruptures occurred in those conserva-
tively treated [4]. We registered one case of Achilles tendon
re-rupture in a group of conservatively treated patients. In
the study of Vidi¢ et al. [17], they applied a percutaneous
surgical treatment in the control group.

Much like our study, the average duration of treatment
of operated and conservatively treated patients in the study
of Grubor and Grubor [4], and is nine days in open surgery
patients. In Serbia, the average duration of treatment is
8.82 £ 1.32 days, and 9.6 weeks in conservatively treated,
while in Serbia, 69.17 + 12.84 days [4]. This is important
owing to the ability to return to work, but also the impact
on one’s quality of life, and the impact of both the direct
and indirect costs of treatment.

In a ten-year follow-up study post-acute ATR surgery,
Seker et al. [1] estimated the extent of movement and the
mean value of dorsiflexion of the foot on the side of the
operated Achilles tendon to be 18° (10-20°). In our study,
the highest frequency of patients ranged 10-15° (median
14°). The mean value of plantar flexion in study by Seker
et al. [1] was 30° (ranging 20-40°); in ours, the highest
frequency was 20-30° (with a median of 28°) in surgery
patients. In the same study, they averaged the AOFAS score
98.5 and the VAS pain was 0 for all patients. We find this to
be statistically significant vis-a-vis the range plantar flexion
among the conservatively treated.

While the finds of several studies differ from ours, moni-
toring in the aforementioned research is far longer. This may
account for the range of difference among findings [1]. Ma-
negold et al. [2] investigated and followed-up on post per-
cutaneous surgical treatment of acute ATR complications.
They found that where ATRS was 85.4 + 14.8, the AOFAS
score was 95.3 * 6.6 and VAS pain 0.6 * 1, they performed
analysis on the impact of the time elapsed, starting the ATR
to surgery on the clinical outcome. Patients operated on in
the first two days of rupture showed poorer clinical results
in terms of AOFAS score. ATRS and VAS pain showed better
clinical results in those operated on in the first two days of
rupture. In our study, patients who underwent surgery in
the first two days of an ATR showed better clinical results
vis-a-vis their ATRS, AOFAS score, and VAS pain.

In Knobe et al. [11], the AOFAS score was compat-
ible with ours and was 90 + 8 in open surgery patients.
In the same study, a self-evaluation of patients who un-
derwent open surgical technique was performed, which
was 8.40 * 1.3 on the Likert scale, which is compatible
with our results (8.42 £ 0.84 for those operated on in the
first two days; 8.78 + 1.22 for patients operated on in the
period 3-7 days).

A prospective study, comparing surgical and non-surgical
treatment of acute ATR followed by a physical rehabilitation
protocol, showed acceptable outcomes in both groups of
patients. The group of operated patients with a statistically
significant difference in functionality after six months was
significantly better compared to conservative patients treated.

Our study has certain limitations. The number of
patients in the study is relatively small. Larger, more
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multi-centric study would be recommended to generalize
conclusions and give recommendations for good clinical
practice.

CONCLUSION

The therapy of choice in the treatment of acute ATR should
be primarily surgical, even if both methods of treatment
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MPOrHOCTUYKM MOAEN KNMHUUKUX CKOPOBA Y NPOLLEHN UCX0AA leuetba 6oNecHUKa
Ca aKyTHOM pynTypom AXunoBe TETUBE — ONepUCaHUX U HEONEePUCAHUX

Muxaumno Unne'?, VisaH Munoweswuh'2, Mapko Unuh'? CnahaHa Matuh'?, lywaH Tabakosuh?, QywaH En6opc?,

burbana Mapanuga'#, Coduja Jlyrora®

'YHuep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;

2KnuHnukn yeHTap Cpbuje, KnuHuka 3a otponeacky xupyprujy n paymatonorujy, beorpag, Cp6uja
3YHneepauTe y MpuwtnHm - Kococka MutposuLa, MeauumuHckn dakyntet, Kocoscka Mutposuua, Cpbuja;
“KnuHunukm Lentap Cpbuje, KnuHuka 3a kapauonorujy, beorpag, Cpbuja;

Onwrta 6onHuua, Hhophe JoaHoBuh’, 3petbariH, Cpbuja

CAXETAK

YBoa/Lnm Kop n3bopa ogroeapajyher TpetmaHa pyntype Axu-
NOBe TeTVBE NOHeKaj MOry NnocTojaTn HegoymuLe y nsbopy
onTymasHe npoueaype.

Linsb oBe cTyauje je aHanu3a rpyne 6onecHvKa ca akyTHOM 3a-
TBOPEHOM MOBPeAoM AXnoBe TeTnBe, nopehere paHor ono-
paBKa 1 napameTtapa GYHKLIMOHANHOCTA Y OfHOCY Ha TPeTMaH
1 Npeaniarame fieyerba npsor nbopa.

MeTtope pocneKTMBHO NCTpaXkMBatbe je obyxsaTuio 80 60-
NecHMKa ca akyTHoM pynTypom AxunoBe TeTuse. Jleuere je
13BELEHO XMPYPLIKOM HTEPBEHLIMjOM NI UMOBUAM3ALIM]jOM.
Pesynratu [ocToju pasnuka y mexaHu3my nospehriBara 13-
mely onepricaHnx 1 KOH3epBaTUBHO NieyeHux (p = 0,026). Mepe-
cet (62,5%) 6onecHuKa je onepucaHo, a 30 (37,5%) 6onecHvka
je neyeHo UMpPKynapHyM runcom 6e3 aHecTesuje. MokasaHa je
pasnukKa (p = 0,000) n3mehy rpyna y gy»<nHu Tpajara neyerba,
cKopa AMepryKOr opTOMeACcKor APYLUTBA 3a CKOUYHU 3106 1
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cronano (AOFAS) n Br3yenHo-aHanorHe ckane (BAC) 6ona. borbe
KNVHWYKe pe3ynTaTe y nornefy ckoposa pynType Axunose Te-
TuBe (ATRS), AOFAS n BAC 6ona nmanu cy 6051ecH1LN Koju cy
noABPrHyTM onepauuju y npea ABa AaHa. Beha catncdakuyuja
je 6una nocturHyTa Kog mnahux ocoba (p = 0,036). BonecHuum
ymju je TpPETMaH Tpajao Kpahe 6unu cy 3aA0BObHMjU CBOjUM
ctatycom (p = 0,001). ATRS n ckop AOFAS cy BuLM Kog 6onecHu-
Ka Koju1 Cy 3af10BOJbHUjW concTBeHUM ctatycom (ATRS p=0,301;
ckop AOFAS p = 0,001). LLlecT mecewuy nocne neyera 6uno je
noTnyHo GpyHKLMoHanHo 78,75% (63/80) 6onecHuKa.
3aksbyyak Tepanuja n3bopa y neyerby akyTHe pyntype Axuno-
Be TETVBE je XUPYPLIK3, jep je XpYypLLKO feyere Kpahe, no-
BOJbHUjY CY YCNOBY 3a By 1 Kpahy pexabunutauujy, a yKynHm
TPOLUIKOBY NOBE3aHU Ca NleyerbeM 1 OfCYCTBOM Ca nocsia cy
MarbW.

KmbyuHe peun: AxunoBsa TeTrBa; ckoposu; ATRS; ckop AOFAS;
BAC 6ona
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SUMMARY

Introduction/Objective The aim of this study was to compare kinematic features and graphic rules of
writing between children with attention deficit/hyperactivity disorder (ADHD) (with and without medical
treatment) and typically developed children (TDC).

Methods In total, 55 children (26 with ADHD/ten subjects were on methylphenidate treatment and 29
TDC) completed a writing task on a digitizing board (in three repetitions; using non-inking stylus) which
included a semicircle tracing, triangle, and letter copying. Kinematic features of movements in all tasks
and graphic rules during a semicircle tracing were analyzed. Graphic rules were observed as expected
movements (selecting the starting point and direction of tracing).

Results The values of kinematic parameter jerk were significantly larger in TDC group compared to all
ADHD subjects (regardless of treatment) and increased constantly with semicircle task progression and
repetition in both groups. Children with ADHD without methylphenidate treatment used overall slower
movements compared to TDC. The tracing of children with ADHD taking methylphenidate was more
automated (with less change in movement velocity and acceleration) compared to TDC. In ADHD group
only, those with treatment traced faster and more automated compared to those without treatment.
The majority of subjects used expected movements in semicircle tracing and this percentage increased
with the task repetition (without difference between ADHD and TDC).

Conclusion Both children with ADHD and TDC used similar approach in the tracing task and were com-
pliant with graphic rules. Methylphenidate treatment may positively influence writing kinematics in
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children with ADHD. Task repetition also influences writing.
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INTRODUCTION

Writing is a sophisticated skill that combines
cognitive, affective, and biomechanical process-
es [1, 2]. Writing skill develops with age and
masters during elementary and high school [2,
3, 4]. Writing is still an important part of learn-
ing and education, and writing difficulties can
negatively influence development [1, 2]. Due
to its complexity, writing is very sensitive to
different intrinsic (e.g., fine motor control, sen-
sory modalities, attention, or working memory)
and extrinsic factors (e.g. sitting position, chair
height, writing surface color, or verbal instruc-
tions) [2, 3].

Writing movements can be divided into ba-
sic portions called strokes. A single stroke is
defined as the time segment between two sub-
sequent changes in direction during writing
[5]. Specific kinematic parameters of writing
can be derived from strokes and these are: on
surface pressure, stroke speed, stroke duration,
velocity, acceleration, jerk, number of velocity/
acceleration direction alteration, hand in-air/
on-surface time, horizontal/vertical/tangential
velocity (acceleration/jerk) and others [6-10].
Various psychiatric and neurological disorders

often have their own unique combination of
kinematic parameters in particular writing
task in which they deviate from healthy con-
trols [6-11].

Certain rules are observed during writing,
copying or tracing. These rules are observed as
predictable movements, which form a sequence
in writing simple or more complex shapes.
They are called graphic rules and include start-
ing (a preference to initiate writing by selecting
certain location point), progression (a prefer-
ence to write a segment in some direction), and
horizontal rule (a tendency to draw horizontal
line after the vertical or oblique) [12, 13]. Using
these rules, we can predefine order/sequence of
writing or tracing movements in writing task
execution and potentially reveal which cogni-
tive strategies children use in writing. By this
approach, it is possible to detect children with
writing difficulties [12].

Attention deficit/hyperactivity disorder
(ADHD) is one of the most common neuro-
developmental disorders among children and
adolescents with a worldwide prevalence rang-
ing 5-7%, being more frequent among males
[14]. Children with ADHD may have motor
performance difficulties including writing
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impairment [1, 15, 16, 17]. Problems with attention span,
fine motor control, error processing, visual-motor inte-
gration, motor planning, and working memory can all
contribute to poorer writing performance in ADHD [1,
18, 19, 20]. Subjects with ADHD write less legible, poorer
scaled, with more interruptions, using higher on-surface
pressure and less automated movements for age compared
to TDC, while writing can be influenced with stimulant
medication [1, 18].

Both kinematic analysis and graphic rules are potential
ways to assess writing characteristics, but only one study
so far had combined these to detect children with writing
difficulties [12]. Our research was organized in order to
further analyze this particular approach in developmental
disorders like ADHD. The aim was to determine whether
and how writing of children with ADHD differs from TDC
in kinematic features and graphic rules. In addition, we
tested the influence of stimulant medications and task
repetition onto writing performance.

METHODS
Participants

Data for the present study was collected from a clinical and
community sample. The clinical sample, constituting the
experimental group, included 26 children (mean age 10.5
* 1.5 years; 21 (80.8%) boys; 24 (92.3%) right-handed) to
whom was confirmed the diagnosis of ADHD according to
the Diagnostic and Statistical Manual of Mental Disorders
5th edition (DSM-5) [21]. The experimental group was
divided regarding medical treatment with psychostimulant
drugs. Ten children (38.5 %) in the experimental group
were taking extended-release methylphenidate (MTX)
(OROS formulation; at dose 18 or 36 mg per day) and 16
subjects did not take medications. The community sample,
constituting the control group, included 29 TDC (mean age
10.2 + 0.4 years; 16 (55.2%) boys; 26 (89.7%) were right-
handed). The majority of subjects preferred Serbian cursive
Cyrillic script during writing. The exclusion criteria were
the total IQ < 80 and the presence of any other neurological
or psychiatric comorbidity.

An informed consent from parent/guardian was pro-
vided for all subjects. The study was approved by the
Institutional Committee on Ethics.

Procedure

Following the previous study of Khalid et al. [12], 2010,
this study considered a similar combination of tracing
and copying tasks of semicircles, shapes, and letters and a
digitizing writing board. The writing task considered the
following (Figure 1): (1) a tracing of four semicircles (SC)
rotated in clockwise direction (CW) by 90°, (2) a triangle
copying, and (3) a letter copying, namely writing the capital
Serbian Cyrillic letters S (C) and F (@), and small Serbian
Latin letters u (y) and n (1) (selected to resemble previous
semicircles by their shape). Tasks were repeated three times
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Task No. 1

Task No. 2 Task No. 3

C

o

u

n

Figure 1. Examples of writing tasks; Task No. 1 — semicircle tracing
task (semicircles from 1 to 4 with radius of 1.9 cm rotated in clockwise
direction by 90°); Task No. 2 - triangle copying task (a - left edge, b -
base and c - right edge); Task No. 3 - letter copying task (C — capital
Cyrillic letter s, ® — capital Cyrillic letter f, u and n are small latin leters)

and each time with a different task order. For left-handed
subjects, the test battery was adapted not to overlay their
hand over the writing material (“mirror image”). In order
to familiarize participants with the procedure, all subjects
were first instructed to write (e.g. their name) on the writ-
ing board surface. The writing tasks were performed on
a digitizing board (Intuos4 XL, sampling rate — 200 Hz,
resolution - 0.25 mm) (Wacom®, Kazo, Japan) with stylus
without ink trace. An A4 white paper sheet with printed
tasks was placed on the writing surface under the transpar-
ent foil. A customized software platform for data acquisi-
tion was previously created using the LabVIEW® (National
Instruments Co. Austin, TX, USA) software environment
[22]. All subjects from the experimental group (ADHD)
were tested in conditions resembling those in school, while
the control group (TDC) was tested during school classes.

Data analysis

Kinematic parameters were analyzed from the data re-
lated to all writing tasks (Figure 1): the semicircle tracing
(for each semicircle for three repetitions), triangle coping
(for all triangle edges: a — left edge, b — base and ¢ - right
edge; in three repetitions), and letter coping (for all let-
ters together only for the first repetition). The following
kinematic parameters were analyzed (mean values and
standard deviations): on surface pressure (P), velocity (V),
acceleration (A), jerk (J), stroke time (ST), stroke speed
(SS), number of changes in velocity (NCV) and number
of changes in acceleration (NCA). For V, A and ], three
vector components were analyzed: x - horizontal, y - ver-
tical and t - tangential (Table 1). Kinematic parameters
were extracted using a customized algorithm in Matlab®
(Mathworks, Novi, MI, USA) [8, 9].

The difference in mean values for kinematics param-
eters between the experimental and control group were
tested by the t-test for two independent groups (when the
normality assumption is satisfied) and the Mann-Whitney
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Table 1. Kinematic parameter details

Details

The force that a stylus tip

P creates over the writing
surface

The rate at which the

\Y position of a stylus changes
with time

The rate at which the velocity
of a stylus changes with time
The rate at which the

J acceleration of a stylus
changes with time

The duration of the basic unit

Parameters Abbreviation

Pressure

Velocity*

Acceleration®

Jerk*

Stroke duration

(time) ST of writing movements

Stroke speed s The length of a single stroke
divided by the stroke time

Number of changes The mean number of local

. . NCV .

in velocity extremes of the velocity

Number of changes NCA The mean number of local

in acceleration extremes of the acceleration

* — velocity, acceleration, and jerk have three vector sub-components:
x — horizontal; y - vertical; t - tangential [7]

U test (when the normality assumption is not satisfied).
Categorical parameters were analyzed with y*test. The level
of statistical significance was set at a two-tailed p-value of
0.05. In addition, sustainability of statistically significant
difference between groups through task repetitions was
particularly addressed for each kinematic parameter.

In addition, graphic rules were analyzed from the data
related only to the semicircle tracing task and included the
starting point and the direction of tracing
for each semicircle in each of the three
task repetitions. These were called “ex-

Ivancevi¢ N. et al.

C M )W

CCwW Cw Cw CCW

Figure 2. Expected movements in semicircle tracing; starting points
(dots) and tracing directions (arrowheads) are shown; CW - clockwise;
CCW - counter clockwise

difference sustained through all three task repetitions
(Table 2, section A). Children with ADHD not receiving
MTX traced with lower SS, Vt and At and higher ST in
the first two repetitions compared to TDC (Jt was lower
in ADHD group in all repetitions) (Table 2, section A). In
addition, in ADHD group only, those taking MTX wrote
with higher Vt and lower ST, NCV and NCA compared to
subjects without MTX (in all repetitions except for NCV)
(Table 2, section B).

The Jt had sustainable trend of augmentation through
semicircles and task repetitions in both ADHD (regard-
less of stimulant treatment) and TDC group (Figure 3;
test statistics for the Mann-Whitney U test ranged from
U=127,p <0.001 to U=429.5, p = 0.02). Difference in Jt
value between groups was reducing with task progression
(Jt value rose faster in ADHD group).

Table 2. Kinematic parameter relations between study groups in semicircle tracing task

pected movements” and were predefined o . TDC
. s ram r
for each of the semicircles [12]: for the aramete v A J
.. P | SS|ST| NCA | NCV
first semicircle from top to the bottom — Rpt. x|yl t | x|y|t|x|y]|t
Counter Clock Wise (CCW), for the sec- L7717 v YA A A A A A A A R A I 2
ond from left to the right - Clock Wise aoroan | n L/l sl s s s
CW), for the third from top to the bot-
(CW), for the third from top to the bo N AR A A A A A A ANAE:
tom — CW, and for the fourth from left A
to the right - CCW (Figure 2). Expected S A A A AR RSN RA RSN
movement usage was considered as com- ADHD 1 WAy oy
pliance with graphic rules. W /7y /7 ww | vy [ LN
I | /]| v|a / ANV VAR 2N VAR VAN I A VAR EVAR R 2 /
ADHD 2 |/ / /o) /7 /|7
RESULTS ML - . =
n {7/ / /AN A A A VA A A A A
Kinematic features Parameter ADHD 2
\ A J
P | SS|ST| NCA |NCV
Semicircle tracing task Rpt. Xyt xlytixjyj|t
e Vol iy oy A aal L]
Compared to TDC, children with ADHD ADHD 1 W77 w| v | vy |/ |/ v | /|11 1|77
(all subjects regardless of stimulant treat- mols syl oy s s s e s

ment) traced semicircles with a lower
NCA and had a lower Jt (tangential jerk)
in each of the three task repetitions.
Children with ADHD receiving MTX
(n = 10) had lower NCA, NCV and Jt in
comparison to TDC, where only NCA

‘ DOI: https://doi.org/10.2298/SARH190918017I

A) ADHD (all), ADHD 1 and ADHD 2 compared to TDC; B) ADHD 1 compared to ADHD 2 during
successive semicircle tracing in three task repetitions; ADHD - attention deficit/hyperactivity
disorder (all - all ADHD subjects, 1 - ADHD receiving methylphenidate treatment, 2 - ADHD without
methylphenidate treatment); TDC - typically developed children; Rpt. - task repetition; shaded fields
indicate statistically significant difference (p < 0.05); / - no statistically significant difference (p >
0.05); a (v) - indicates that parameter value is statistically higher (or lower) compared to A) TDC and
B) ADHD 2; a4 (vv) - indicates substantial statistical difference (p < 0.01); parameter abbreviations
are defined in Table 1
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Triangle copying task

In the first repetition, for b and ¢ triangle edges, ADHD
subjects (regardless of stimulant treatment) applied sig-
nificantly larger pressure on the writing surface (U = 511,
p =0.02 and U =579, p = 0.01 respectively) compared
to TDC. This was not the case in second and the third
task repetition where no statistically significant difference
in pressure was documented (p = 0.06 - 0.14). Regarding
other kinematic parameters, no significant difference was
observed between study groups in neither task repetition.

Letter copying task

Only the first repetition was analyzed, and all ADHD sub-
jects (regardless of stimulant treatment) were compared
to TDC. It was found that Vt, SS and P were significantly
higher in ADHD group compared to TDC (U = 80798,
p =0.004; U= 80680, p=0.004; and U = 81169, p = 0.002
respectively).

Graphic rules

Comparing ADHD subjects (regardless of stimulant medi-
cation treatment) to TDC, those ADHD subjects taking
stimulant medication to TDC and those ADHD without
medical treatment to TDC; no statistically significant dif-
ferences were observed regarding usage of expected move-
ments. The same was observed when comparing ADHD
subjects with stimulant medication to ADHD subjects
without stimulants. There was a certain trend observed
with task repetition where an increased number of subjects
used expected movements (the most evident in TDC for
the first and third semicircle and in ADHD with MTX
treatment in the second semicircle). The usage of expected
movements was the highest for the fourth semicircle and
the lowest for the third semicircle in all groups (Figure 4).

DISCUSSION

In both ADHD (regardless of medication treatment) and
control group, the Jt had sustainable trend of augmenta-
tion through semicircles and task repetitions (values were
significantly higher in the control group but raised faster
in the ADHD group). We could assume that, based on
previous research, with the lack of visual guidance (no
inking trace) TDC would be more careful during writing
task, making saccadic (“jerky”) movements with increased
jerk value and in this manner decreasing possibility for
error (missing tracing lines, under- or overwriting preset
boundaries) [7, 15]. This could also result in decreased
writing automation. In addition, the automation of writing
movement is observed through changes in velocity and ac-
celeration profile of writing movements (NCV and NCA
values). The bigger NCV and NCA values are the lower
writing automation is [7]. The opposite would be expected
in ADHD group, less saccadic (“smoother”; with lower
jerk) and more automated movements (with lower NCA
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Figure 3. Observed increment in tangential jerk value with successive
semicircles and task repetition; mean values and standard deviations
are presented; there is a statistically significant difference between
groups (p < 0.05); ADHD - attention deficit/hyperactivity disorder;
TDC - typically developed children; J - jerk; SC — semicircle

40 W1 repetition
30 mIIrepetition
20 @I repetition
10
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Figure 4. Percentage of subjects used expected movements for
semicircle tracing in each task repetition; there is no statistically
significant difference between groups (p > 0.05); ADHD 1 - subjects
receiving methylphenidate treatment; ADHD 2 - subjects without
methylphenidate treatment; TDC - typically developed children;
SC,i=1-4 - semicircles; cw - clockwise; ccw - counter clockwise.

and NCV) which could be due to disturbances in error
monitoring [2, 15]. This was shown in our results for all
ADHD subjects (regardless of stimulant medication treat-
ment) and similar for ADHD taking stimulant medication.
It was also observed that, with repetition, difference in
jerk between study groups tends to decrease and ADHD
subjects tend to trace as “jerky” as TDC. This could be in
partial explained by better error processing with time and
repetition. However, recent study has shown that ADHD
subjects make from the beginning jerkier large-scale writ-
ing movements compared to TDC [19].

ADHD subjects without stimulant medication treat-
ment traced semicircles with movements that were slower
and of longer duration, but less saccadic compared to TDC.
When these subjects were compared to ADHD subjects
with a stimulant medication, they traced with the move-
ments of longer duration and with lower velocity, but also
less automated. Stimulant medication in subjects with
ADHD modified writing kinematics compared to TDC im-
proving overall movement speed, and this was not the case
in group of ADHD subjects without stimulant medication.
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This could be explained with the previous data showing
that stimulant treatment could alleviate fine motor control
impairment seen in ADHD with possible repercussion to
writing movements [18, 23]. However, there is not much
data on the influence of stimulant medications on motor
functioning in ADHD, and should be interpreted with cau-
tion [18, 24]. MTX does improve ADHD symptoms in
overall, but motor performance problems could remain
[18, 25].

In the triangle-copying task, in the first repetition, sub-
jects with ADHD applied significantly more pressure on
writing surface (P) compared to TDC (but not in later
repetitions). Although larger axial pressure on the writing
surface was seen in ADHD [18], our result was not consis-
tent with task repetition. Since no sustainable difference
between groups was observed regarding all triangle edges
and task repetition, we can assume that kinematic profile
of shape copying in ADHD is similar to TDC.

In the letter-copying task, our results showed that V, SS,
and P were significantly larger in ADHD group. This is to
some instance in accordance with earlier research show-
ing faster, poorly scaled writing movements with larger
pressure in ADHD [17, 18]. Earlier research of writing
in children with ADHD revealed that writing difficulties
associated with attention problems are the consequence of
both impaired graphemic buffer and kinematic motor pro-
duction, and not of linguistic nature [26]. Based on this, we
could assume that subjects with ADHD tend to make faster
movements with more pressure on the surface compared
to TDC and not due to the possibly accompanied dyslexia
or dysgraphia, or the presence of comorbid developmental
coordination disorder (DCD) [26, 27].

Our findings showed that there were no differences
between children with ADHD and TDC when consider-
ing the expected movement usage (starting point and the
direction of tracing as the main graphic rules). The low-
est percentage of fulfilling graphic rules was in the third
semicircle tracing. This result could be explained with
greater “degrees of freedom” in tracing this semicircle as
at the same time being a part of some letters (e.g. b or p, or
Cyrillic small letter f - ¢ or r - p), which offers a possibility
to start tracing from either end [13]. On the other hand,
the highest percentage of fulfilling graphic rules was in the
tracing of the fourth semicircle. It could be explained with
the fact that the fourth semicircle resembles small cursive
shape for the Cyrillic letter “i” (u). This letter is written
and connected to other letters in words from left to right
during writing (in Serbian language writing is from left
to the right). In addition, most of our subjects preferred
cursive script Cyrillic.

Subjects in both ADHD and TDC groups fulfilled ex-
pectations proposed by graphic rules with an observed
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increment of usage of expected movement with a task rep-
etition [12]. This increment with task repetition in both
ADHD and TDC groups represent a novel result in studies
dealing with writing analysis. The largest percentage of
non-preferred movement (opposite to graphic rules) seen
in the first attempt can also be explained with the poor
visual feedback (lack of inking trace). This finding could
lead us to conclusion that both ADHD and TDC subjects
have similar writing movement strategy in dealing with a
simple tracing task.

Our study has some limitations. The writing was done
using writing stylus without ink trace. It could influence
results to some extent due to poor visual feedback during
writing. Correlation between attention, behavior issues,
and writing performance was not analyzed. The writing
accuracy and overall legibility were not analyzed in the
relations to the graphic rules and kinematic parameters.

CONCLUSION

Children with ADHD tended to make more automated
writing movements with less jerk compared to TDC. It
appeared that MTX treatment improved writing movement
speed and automation in ADHD subjects, however these
are preliminary data from a small number of subjects and
should be further assessed. In more complex tasks, like
triangle and letter copying, the kinematic difference was
evident but not consistent. Both ADHD and TDC children
were compliant with graphic rules in semicircle task. This
study also showed importance of task repetition and its
influence on writing. These specific kinematic traits found
in children with ADHD could be used in clinical practice
as an additional method in defying more subtle clinical
presentations of ADHD, as well as to monitor effects of
stimulant therapy. Addressing the limitations of the pres-
ent study, further research is needed among children with
ADHD in order to better understand specific cognitive ap-
proaches to writing and how to implement these in regular
clinical practice.
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KnHemaTtuKa nucarba 1 rpadmuka npaBuna Kog, AeLe ca XMNepKUHETCKUM
nopemehajem ca HegocTaTkom naxwe (ADHD)

Hvikona Meanuesnh', Bepa Munep-Jepkosuh?, [lejan CreBaHoBuh', JacHa JaHunh'3, MupjaHa b. Monosuh*®

'KnuHuka 3a Heyponorujy 1 ncuxujatpujy 3a AeLy v omnaguHy, beorpag, Cpbuja;
2YHneepautet y beorpapy, EnektpotexHuuku dakyntet, IHoBaumoHm LenTap, beorpag, Cpbuja;

*YHusepautet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*YHuBep3uTeT y beorpagy, VIHCTUTYT 3a MeaMLMHCKa UCTpaxiBatba, beorpag, Cpbuja;
YHusepautet y beorpapy, EnektpotexHuuku pakyntet, beorpag, Cpbuja

CAMXETAK

YBoa/Lwm Linb oBe cTyauje 610 je fa ynopeam KMHemMaTunyke
KapaKTepucTuKe 1 rpaduyka npasuia NpUIMKoM nucatba aeLie
Ca XMnepKNHeTCKUM nopemehajem ca HeloCTaTKOM MaxHe
(ADHD) (ca Tepanujom cTMynaHcma 1 6e3 ie) 1 Kof TUMMYHO
pa3sBujeHe peue (TDC).

Metope AHanu3npaHo je ykynHo 55 ncnutaHuka (26 ca ADHD,
of Kojux je 10 gobujano metundenmngart, n 29 TDC). Vicnutanuum
Cy pagunv 3agatak ca nicareM Ha AUTTan30BaHoj rpadrykoj
Tabnu (y Tpu NoHaBasbakba; NcarbkoM 6e3 mactina). 3apaTak
je ykibyumBao nopebsbaBatbe NONYKPYrosa, NpeLpTaBakbe
Tpoyrna 1 NpenucnBambe CnoBa. AHanv3mpaHe Cy KUHeMaTny-
Ke KapaKTepuCTUKe CBMX MOKpPeTa, Kao 1 rpadunyka npasuna
npunnkom nogebrbaBarba Monykpyrosa. lpaduuka npaswuna
Cy carnefaBaHa Kpo3 OYeKrBaHe nokpeTe nucatba (ogabup
royeTHe Tauke 1 NpaBaL, nofebsbaBatba).

Pesyntatu BpegHoctv napametpa ,, Tp3aj” 6une cy ctatuctmy-
K 3HayajHo Behe kop TDC 'y nopeherby ca geuom ca ADHD n
KOHCTaHTHO Cy pacne y obe rpyne ca U3pafioM 1 NoHaBIbakeM

DOI: https://doi.org/10.2298/SARH190918017I

3apatka ca nonykpyrosuma. leua ca ADHD 6e3 Tepanuje me-
TUNdeHaaToM Mana Cy Cropyje NoKpeTe Nvicatba y nopehetby
ca TDC. Mokpetn nogebrbasarba Cy 6Unv aytomaTm3oBaHmju
(Mare NnpomeHa y 6p3uHM 1 y6p3atby) 1 ca MakM Tp3ajemM
Kop peue ca ADHD Ha metundenmgaty y nopehemy ca TDC.
Y rpynu geue ca ADHD, oHa fieua Koja cy 6una Ha Tepanmju
nopeb6sbaBana cy 6pxe 1 aytomaTtr3oBaHuje y nopehemy ca
AeLiom 6e3 Tepanuje. BehiiHa ncnutaHnka KopycTuna je oveku-
BaHe MokpeTe 3a nofebrbasatbe NoayKpyrosa 1 0Baj NpoLieHaT
je pactao ca noHaBbatbeM 3aaTKa (Huje 6uno pasnuke mehy
NCNUTUBAHNM rpynama).

3akmyyak [leua ca ADHD kao 1 TDC kopucTe cnvyaH NprucTyn
y nofebrbaBatby MONYKPYroBa 1 NpuapKasajy ce rpadunykmx
npasuna. TpeTMaH MeTUNGEHNAATOM MOXKeE YTULLATN MO3NTHB-
HO Ha KMHeMaTurKy nuncarba Kog feue ca ADHD. MNoHaBmatrbe
3apaTka Takohe yTrye Ha nucare.

KrbyuHe peun: nucarbe; ADHD; KuHeMaTUYK1 napameTpy; rpa-
duyka npasuna; metundeHnaat
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Prevalence and significance of transient
enteroenteric intussusceptions in children with
recurrent colic abdominal pain

Domen Plut'?, Ziva Zupanéi¢'

'Ljubljana University Medical Centre, Clinical Radiology Institute, Ljubljana, Slovenia;
2University of Ljubljana, Faculty of Medicine, Ljubljana, Slovenia

SUMMARY

Introduction/Objective Recurrent colic abdominal pain (RCAP) is a common complaint in children.
Children with this complaint are often referred to abdominal ultrasound (US). Examining the children
with RCAP by US in our outpatient clinic we occasionally noticed transient enteroenteric intussusceptions
(TEls) with spontaneous resolution.

The objectives of our prospective observational study were to determine the prevalence and evaluate
the significance of TEls in children with RCAP.

Methods From January 2016 to December 2017 we examined 358 children with RCAP by US. Age range
was 1-17 years (mean age 7.7 years). TEls were detected and the prevalence determined. The sensation
of pain at the time of the US examination was noted.

Results We detected TEIl in 41 children; the prevalence was 11.5%. Abdominal pain at the time of the
presence of TEl was reported in 17.1% of these children. In the group of children without TEI detected,
pain at the time of the examination was reported in only 6%. A statistically significant relationship was
found between the presence of TEl and the pain at the time of the examination (p = 0.046). No child had
other significant abdominal pathology.

Conclusion TEIs happen more commonly in children than previously thought. A rather high prevalence
of TEls in our study group of children with RCAP and the fact that higher percentage of children with
detected TEI experienced pain at the time of the examination, are suggestive that TEls may be one of

the causes for the RCAP in children.

Keywords: intestinal invagination; intussusception; ultrasound; ultrasonography; abdominal pain

INTRODUCTION

Recurrent colic abdominal pain (RCAP) is a
common complaint in children. The differ-
ential diagnosis of RCAP is fairly extensive;
however, most children do not have a serious
or even identifiable underlying illness caus-
ing the pain [1]. In general, abdominal pain
is the most common type of pain in younger
children and the second most common type in
older children and adolescents [2]. In a study,
which included around 15,000 children, 20%
of the children reported at least two episodes
of abdominal pain in a three-month period
[3]. Children with abdominal pain are often
referred to abdominal ultrasound (US) ex-
amination. Improvements in resolution and
the quality of US images now allow detection
of small pathologic changes in the abdomen,
including bowel intussusceptions. Most often
diagnosed and reported intussusceptions were
ileocolic ones; enteroenteric intussusceptions
were reported much less frequently [4, 5].
Examining children with RCAP by US in
our outpatient clinic over a period of several
years, we occasionally detected enteroenteric
intussusceptions, which were transient and
usually spontaneously resolved during the time

of the examination. When an intussusception
was present, some children experienced pain.
We wondered how common TEIs are, as well
as how significant they are in the context of
managing children with RCAP. Therefore, we
decided to conduct a study with the objective
to determine the prevalence and evaluate the
significance of TEI in children with RCAP.

METHODS

All procedures performed were in accordance
with the ethical standards of the institutional
and national research committee and with the
1964 Helsinki declaration and its later amend-
ments.

Patients

From January 2016 to December 2017, we
examined 358 children referred to our out-
patient clinic for abdominal US with the only
complaint of RCAP. The pain, as reported by
children and parents, was spastic, short lasting,
occurring in repeated episodes, and located in
the periumbilical region. There was no history
of vomiting, rectal bleeding or other warning
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Table 1. Baseline characteristics of the study population

Plut D. and Zupanti¢ Z.

Number of patients 358 2

Sex 162 boys 196 girls : ‘

Age range [years] 1-17 1-17 1-17 3 "
Mean age [years] 7.7 74 8.1

Figure 1. Ultrasound image of a transient enteroenteric intussuscep-
tion (TEI) in the transversal (a) and the longitudinal (b) plane; the image
shows a typical appearance of a TEI: small outer diameter - less than 2.5
cm (in the image of the transversal plane), short bowel segment - less
than 3 cm (in the image of the longitudinal plane), and no lead point

signs of underlying illness. On physical examination there
were no pathologic findings. Basic laboratory studies were
normal. Baseline characteristics of the study population
are listed in Table 1.

Ultrasound

US examinations were performed on a DC-8 scanner
(Mindray Medical International Limited, Shenzhen,
China), using a 7-3 MHz convex-array transducer and a
12-4 MHz linear-array transducer. All examinations were
performed by an experienced pediatric radiologist well-
skilled in the use of US.

During the examination, the entire abdomen was thor-
oughly scanned with both transducers and evaluated for
the presence of any pathology. Special attention was paid
to the potential signs of small bowel intussusception. The
duration of examinations ranged 15-20 minutes.

To determine that a small bowel intussusception was
transient in its nature, we used the criteria for transient
small bowel intussusception described by Kim et al. [6].
These criteria are as follows: 1) small outer diameter (less
than 2.5 cm); 2) short (less than 3 cm) segmental intus-
susception; 3) peristaltic wall motion, and 4) absence of
a specific lead point. A typical US appearance of a TEI is
shown in Figure 1. Rarely, when we were not certain of the
diagnosis of a TEL, because of an unusual location or due
to a less typical appearance, a follow-up US was performed
after 30-60 minutes. Beside US, no other diagnostic imag-
ing studies were needed for this group of children.

At the start of each US examination, the child was asked
about the presence of pain at that time. For younger chil-
dren, the parents were asked to evaluate whether the child
was in pain.

Statistical analysis

Descriptive statistics were obtained to describe character-
istics of the study group. x* test was used to evaluate the

‘ DOI: https://doi.org/10.2298/SARH191119044P
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Figure 2. Distribution of transient enteroenteric intussusceptions (TEls)
by age; the chart of distribution of TEls by age shows that TEls are
the most common in children aged 3-6 years; this group of children
represented 58.5% of the diagnosed cases; TEls were rarely found in
children aged < 3 years and aged 7-12, and very rarely in children >
13 years (only one child in our study)

Table 2. Results

PRI Total Boys Girls

n (%) n (%) n (%)
No. of patients 358(100) | 162 (45.3) | 196 (54.7)
No. of children with TEI 41(11.5) | 30(18.5) | 11(5.6)
(prevalence) boy:girl ratio 2.73:1

Age with TEl (range; mean) [years] | 1-17; 5.8‘ 1-17;6.1 ‘ 1-12;4.7

Children with TEIs by age (years)

<3 5(12.2) 4 1
3-6 24 (58.5) 15 9
7-12 11(26.8) 10 1
>13 1(2.4) 1 0

TEI - transient enteroenteric intussusception

relationship between the presence of TEI and the pain at
the time of the US examination. Significance was set at
p < 0.05. Statistical analysis was performed with IBM SPSS
Statistics, Version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

We examined 358 children with RCAP referred to our out-
patient clinic for abdominal US. Girls represented 54.7%
of the study group and boys made up 45.3%. The mean
age of the children was 7.7 years. TEIs were detected in
41 of the 358 children, so the prevalence was 11.5%. Most
of the TEIs were detected in children aged between 3-6
years (58.5 %). The distribution of TEIs by age is presented
in Figure 2. Intussusceptions were more frequently found
in boys: boy to girl ratio was 2.73:1. The mean age of the
children with TEI was 5.8 years (age range: 1-17 years).
Eight children had multiple TEIs (19.5%); in one boy there
were four concurrent TEIs. Nearly all TEIs were located
in the mid-abdomen or in the left hemiabdomen; only
four TEIs were located in the right lower quadrant of the
abdomen (7.7%). The results are summarized in Table 2.
Some of the children (17.1%) reported abdominal pain
at the time of the presence of TEI and the majority did not.
In the group of children that did not have a TEI detected
at the time of the US examination, the pain at the time of

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):469-473
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the examination was reported in only 6%. A statistically
significant interaction was found between the presence of
TEI and the pain at the time of the examination (x* (1) =
3.98, p = 0.046).

A lead point was not present in any of the TEIs. There
was no evidence of other significant abdominal pathology
in any of the children. None of the children returned for
a follow-up US examination or for any other additional
diagnostic imaging study.

DISCUSSION

The objectives of our prospective study were to determine
the prevalence of TEIs in the group of children with RCAP
referred to our outpatient clinic for abdominal US and to
evaluate the significance of TEIs. The group consisted of
358 children. The prevalence of TEIs was 11.5%.

The prevalence of TEIs in our study is considerably
higher than the prevalence previously reported in the
literature, in which we found only two studies reporting
the prevalence of TEIs in children. In the study by Doi
et al. [7], the authors examined 550 children with acute
abdominal symptomatology. TEIs were found in 21 cases
and the prevalence was 3.8%. The intussusceptions were
more common in boys (boy to girl ratio was 1.63:1), simi-
lar to our study. The mean age of the children with TEI
was 6.2 years, also similar to our study. In the study by
Strouse et al. [5], the authors retrogradely reviewed ap-
proximately 6000 reports of abdominal computed tomog-
raphy (CT) scans in children. TEIs were reported in 25
cases; the prevalence was 0.4 %. TEIs were more common
in boys (boy to girl ratio was 1.8:1), similar to our and
Doi et al. [7] study. The mean age of the children with TEI
was 11.2 years, more than in our study. In both studies, all
enteroenteric intussusceptions were transient in nature
(as diagnosed by a follow-up CT scan, US, barium swal-
low study, or surgery) and there was no presence of lead
points in any of the intussusceptions, the same as in our
study. The reason for the higher prevalence of TEIs in our
study could most likely be due to the differences of the
study groups. Our study group only consisted of children
who all had the history of RCAP, while Doi et al. [7] study
group consisted of children who all had acute abdominal
symptomatology, and Strouse et al. [5] group consisted
of children who all had abdominal CT scan indicated for
diverse abdominal problems. Because of higher incidence
of TEIs in our homogenous group of children with RCAP,
we suspect that TEIs could be one of the reasons for the
RCAP in children.

It is known that there are chemical and mechanical
nociceptors in the enteric wall [8]. Based on this fact, two
pathophysiologic mechanisms could explain the occur-
rence of the colic abdominal pain caused by enteroenteric
intussusceptions. Firstly, intussusceptions that last a longer
period of time and/or have a strong peristaltic activity may
cause so much bowel wall compression and vein strain
that it potentially leads to some degree of hypoxia or even
ischemia, which in turn leads to pain through activation

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):469-473

of the chemical nociceptors in the bowel wall. And vice
versa — intussusceptions that do not cause ischemia do
not cause the pain. This most likely happens in the intus-
susceptions with weaker peristaltic activity and/or in the
intussusceptions that last a short period of time. Secondly,
intussusceptions that cause more bowel wall extension
could lead to pain through the activation of stretch me-
chanic nociceptors in the bowel wall of the intussuscipiens.
These two mechanisms may also explain the fact that in
our study some children complained of the pain when TEI
was present, while some did not. The same finding was
noted and reported by other authors [9].

The complaint of pain at the time of US examination
additionally strengthens our theory that TEIs could be
one of the causes of RCAP in children. During our study,
17.1% of the children with RCAP that had a TEI diagnosed
on US examination reported pain at the time, while in
the group of children with RCAP and no TEI diagnosed
during the examination, the pain during the examination
was reported in only 6% of the children. The relationship
between the presence of TEI and pain at the time of the
US examination was found to be statistically significant
(p < 0.05).

In 2020, Goel et al. [10] published a study which in-
cluded 90 children with clinical suspicion of intussuscep-
tion. All included children had acute abdominal pain. In
15 of those children, a TEI was the only pathologic finding.
This fact affirms the finding from our study that some TEIs
cause acute abdominal pain. Additionally, in all those cas-
es, the TEI involved a short bowel segment (less than 3 cm
in length) and had small outer diameter (less than 2.5 cm),
which is also in line with findings from our study [10].

To diagnose a TEI, we used the criteria set by Kim et al
[6]. The criteria turned out to be reliable and easy to use.
The criteria were also useful to distinguish between ileoco-
lic intussusception and enteroenteric intussusception when
the intussusception was located in the right hemiabdo-
men. Nevertheless, in these cases we did a follow-up US in
30-60 minutes. In none of the children TEIs were present
on these follow-up US examinations. This confirmed that
these intussusceptions were correctly diagnosed as TEIs by
the diagnostic criteria by Kim et al [6]. Other authors also
report that US can reliably differentiate between ileocolic
and enteroenteric intussusception [10, 11]. In contrast,
Bartocci et al. [12] recently reported that it can be difficult
to distinguish between an ileocolic intussusception and
enteroenteric intussusception by US, and pointed out that
the accuracy of the diagnosis very much depends on the
experience of the examiner [12].

Concerning the clinical significance of RCAP in child-
hood, we turned to the pediatric Rome classifications for
Childhood Functional Gastrointestinal Disorders [13].
According to the most recent Rome IV classification,
published in 2016, TEIs in relation to the RACP are not
included in any specific category. By clinical symptomatol-
ogy, TEIs would fit into the category of the “Functional
abdominal pain disorders — not otherwise specified” The
diagnostic criteria for the “Functional abdominal pain
- not otherwise specified” are as follows: 1) at least four
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episodes of abdominal pain per month that do not oc-
cur solely during physiologic events (e.g. eating, menses);
2) insufficient criteria for irritable bowel, functional dys-
pepsia, or abdominal migraine, and 3) exclusion of other
medical conditions that fully explain the abdominal pain
[13]. TEIs could be one of the medical conditions that
tully explain the occurrence of the abdominal pain of the
category of the “Functional abdominal pain disorders - not
otherwise specified” The reason that TEIs are not included
in the Rome classification may be due to the facts that it is
not possible to diagnose TEIs by clinical examination or
laboratory studies, their spontaneously resolving nature,
and their low rate of detection by radiologic imaging in
the past. Thus, the TEIs were simply considered to be rare
and of low importance.

Abdominal pain can be caused by a severe disease, in
which case it requires direct treatment. On the other hand,
the pain can have a harmless cause, like TEIs, when no
direct treatment is needed. Nevertheless, repeated episodes
of pain due to TEIs, though not endangering, cause anxiety,
impair the child’s self-perception of health, interfere with
everyday activities of the child and the family, and can
considerably worsen the quality of their life. According
to the pediatric guidelines concerning the treatment, in
the category of the “Functional abdominal pain disorders
- not otherwise specified,” into which the pain associated
with TEIs could fit, indirect treatment only is said to be
beneficial. Pharmacotherapy is not recommended [14].
When the symptoms persist for a longer period of time,
consultations with a pediatric psychologist may be helpful.
The goal of the treatment is not total elimination of the
symptoms, but rather the acquisition of strategies for cop-
ing with the pain and getting on with life. For school-age
children, getting back to school is a prime objective [15].
Cognitive behavioral therapy reduces pain, general stress,
and reduces passive and avoidant behavior [16].

US examination is important for the group of children
with RCAP. Firstly, for medical reasons, since TEIs can be
diagnosed as the cause for the RCAP, and other potential
causes for the RCAP can be diagnosed or excluded by US.
US is also important in the psycho-social context. Though
TEIs do not endanger children and do not require specific
medical treatment, as already mentioned, RCAP interferes
with everyday activities of the child. When we detect a TEI
by US, we explain to the parents what TEI is, its pathophysi-
ological mechanism, and its association with RCAP. We
inform them that RCAP caused by TEIs does not endanger
the child. We also advise the child and parents how to cope
with the pain. We suggest that the child, when experiencing

REFERENCES

1. Thornton GCD, Goldacre MJ, Goldacre R, Howarth LJ. Diagnostic
outcomes following childhood non-specific abdominal pain: a
record-linkage study. Arch Dis Child. 2016;101(4):305-9.

2. Gulewitsch MD, Miller J, Enck P, Weimer K, Schwille-Kiuntke J,
Schlarb AA. Frequent Abdominal Pain in Childhood and Youth:
A Systematic Review of Psychophysiological Characteristics.
Gastroenterol Res Pract. 2014;2014:524383.

DOI: https://doi.org/10.2298/SARH191119044P

Plut D. and Zupanti¢ Z.

pain, stops with the current activity and lays down if pos-
sible. The parents can gently massage the abdomen and
soothe the child by gentle communication and maybe by
reading to the child. The approach to the child and parents
must be done with empathy. Even in the group of children
with RCAP in whom we do not detect a TEI during US
examination, due to the same symptomatology, we simply
assume that TEIs do occur at other times and could be the
cause for the RCAP. Therefore, we provide the parents the
same possible explanation and advice as in the group of
children in whom we detect TEIs. We believe that this holis-
tic approach is helpful, as, by our experience, the return rate
of these children for the repeated US examination is low.

Our study was limited by the lack of pathological cor-
relation in TEISs, since no surgery is needed for TEIs due to
their spontaneously resolving nature. Another limitation of
our study is the lack of a control group. It is difficult to get
a referral for abdominal US examination for a comparable
group of healthy children without any symptoms.

CONCLUSION

The occurrence of TEIs is a more common phenomenon
in children than previously thought. In our group of chil-
dren with recurrent colic abdominal pain examined by
ultrasound, the prevalence of TEIs was 11.5%. This rather
high prevalence in our study and the fact that a higher per-
centage of children with detected TEI experienced pain at
the time of an intussusception suggest that TEIs can be the
cause for the recurrent colic abdominal pain in children.

Recurrent colic abdominal pain can interfere with ev-
eryday activities of the child and family and worsen the
quality of their life. Empathic explanation to the parents
that TEIs may be the cause for the recurrent colic abdomi-
nal pain, and the explanation of the pathophysiology of
TElIs in association with recurrent colic abdominal pain is
relieving for the parents and the child, and can help them
return to a more normal everyday life.
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Yyecranoct u 3|-|aqaj nposasHUX eHTepoeHTePUYHUX MHBaFMHaLI,Mja KoA4 Aeue

ca noHassbajyhom abgomuHanHom 6oam

[omeH MnyT'? Xnea 3ynaHumy'

'YHUBEP3NTETCKN KNMHWUYKY LeHTap JbybrbaHe, KnuHuKn MHCTUTYT 3a paguonorujy, JbybrbaHa, CnoseHuja;
2YHuBep3auTeT y JbybrbaHu, MegunumHcki dakynter, JbybrbaHa, CnoseHuja

CAMETAK

YBoga/Lium MNoHaesbajyha abgomuHanta 6on (MAB) yecTa je
nojasa kog Aeue. Jeua ca MAB yecTo ce ynyhyjy Ha ynTpasByk
abpomeHa, y3 nomoh Kojer cMo KOA TakBe fieLie 3anaarnm eHTe-
pOeHTEpPUYHE NHBArMHaLuje, Koje Cy TOKOM npernega obnuyHo
CMOHTaHO perpeauparne.

LinrbeBu Halle NpocneKTUBHe orncepBaLyjcke CTyauje cy bunm
yTBphrBatbe yuecTanocT U 3Hayaja MPoasHUX eHTepoeHTe-
puyHUX nHBarvuHaumja (MEV) kog peue c MAB.

Metoge Op jaHyapa 2016. o aeuembpa 2017. yntpa3ByyHo
cmo npernepanu 358 peue ctapoctu 1-17 roguHa (cpefrba cTa-
pocT 7,7 roguHa). AujarHoctudukosanu cmo MEU n ytepannm
FbUXOBY yuecTanocT. Peructpoanu cmo ocehaj 6ona y Bpeme
npetpare.
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Pesynrart 1EV/ cmo oTkpunu kog 41 geteta (yuectanoct 11,5%).
bonose y TpeHyTKy npucyctsa MNEU nmano je 17,1% Te peue.
Camo 6% feue 6e3 MEW je nmano 6on. Ucnoctasuno ce fa je
Be3a n3mely 6ona 3a Bpeme npernega u npucyctsa MEU cta-
TUCTUYKM 3HaYajHa (p = 0,046). HnjepHo op 358 npernegaHe
[eLe Huje nMasno Apyry 3HayajHy natosnorujy.

3akmyuak [EWV ce nojamyje Yewhe Hero WwTo ce focag Mu-
cnuno. MpunnyHo Brncoka yyectanoct MEN (11,5%) kog Hawwmx
60necHMKa 1 YnkbeHLa fia je Behu 6poj feLie ca OTKPUBEHNM
MEWN y yacy npernega umao 6onoBe yka3yje aa 6u MNEV morne
61TV jepaH op y3poka 3a MAB kog peue.

KrbyuHe peun: eHTepoeHTepuyHa MHBarnHawumja; UHTycycLen-
Lwja; ynTpasByk; 6051y TpOyxy
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SUMMARY

Introduction/Objective Serbia has been burdened with one of the highest cervical cancer incidence
and mortality rates in Europe.

The objective of the study was to estimate the prevalence and factors associated with compliance to
cervical cancer screening among women in the general population.

Methods The study used the data from 2013 National Health Survey of the population of Serbia. Logistic
regression analysis was further used to examine demographic and socio-economic factors which affect
the disparities in cervical cancer screening practices among the female population.

Results Every third woman (35.4%) has never done a Pap test in her lifetime. The highest percentage
of respondents did their Pap tests after they were recommended by doctors (52.3%); 45% of women
did it on their own initiative, and only 2.7% did it after they had been summoned to participate in an
organized screening by their doctor. The multivariate logistic regression analysis revealed that the most
important factors in women who had never undergone Pap tests were the following: age (being within
the youngest or the oldest age group), rural residence and low level of education, poor socio-economic
status, and marital status (have never married).

Conclusion Further strategies and interventions for improving cervical cancer incidence and mortality
rates should be focused on socially and economically endangered population groups in order to reduce
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disparities in cervical cancer screening more effectively.
Keywords: cervical cancer screening; Pap test; socioeconomic inequalities

INTRODUCTION

Cervical cancer is one of the most common
causes of cancer death in women worldwide
[1, 2]. Incidence and mortality rates have de-
creased in high-resource countries. Nowadays,
approximately 87% of cervical cancer deaths
occur in developing and low-resource coun-
tries due to the lack of awareness within their
female populations and certain difficulties in
running cervical cancer screening programs
(Pap test) [3, 4].

Serbia has been burdened with one of the
highest cervical cancer incidence and mortal-
ity rates in Europe. According to the Cancer
Registry of the Republic of Serbia for 2015,
the age-adjusted incidence rate was 18.1 and
the mortality rate 6.1 per 100,000 women [5].
Regular screenings are the most effective way
to reduce the cervical cancer incidence and
mortality rates [6, 7]. Following the recom-
mendations of the European Union Council,
almost all European governments have made
political decisions to introduce cervical cancer
screenings in their health systems. However,
the levels of implementation are uneven. The

majority of developed countries use organized
screening models recommended by the relevant
international professional organization while
the others organize periodic screenings. There
are considerable variations in screening strat-
egies (i.e. age limit, screening intervals, etc.)
and the extents to which they cover the target
population [8].

Certain socio-demographic and cultural
characteristics have been recognized as barri-
ers to cervical cancer screening, including low
income, low education level, marital status,
rural residence, lack of knowledge and aware-
ness of the importance of Pap tests, cultural
beliefs, traditions, and fear of cancer [9, 10,
11]. The health care providers fail to inform
and encourage women to get tested, which is
also a common obstacle to the provision of ad-
equate services. The main systemic barriers are
the inaccessibility to healthcare services and
thus the inaccessibility to Pap test execution
facilities [12].

The objective of the study was to estimate
the prevalence and factors associated with
compliance to cervical cancer screening among
women in the general population.
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METHODS

This study used the data from the 2013 National Health
Survey for the population of Serbia (without data from
Kosovo and Metohija). This was the third population-
based cross-sectional survey conducted by the Ministry
of Health of the Republic of Serbia. In this survey, the re-
search tools (methodology, questionnaires, instructions)
were harmonized with the instruments of the European
Health Survey second wave (EHIS wave 2) taking into ac-
count the defined, internationally accepted indicators [13].
The aim was to obtain the results that would be compa-
rable with the results obtained in the EU member coun-
tries. The study used a national representative probability
sample; two-stage stratified sample with known probability
of the sample unit selection at every sampling stage. Three
types of questionnaires were used in the survey.

Ethical Standards in Health Research were
harmonized with the international World
Medical Association Declaration of Helsinki.
The study was approved by the Ethics Commit-

undergone cervical cancer screening in the previous three
years (22.7% during 12 months and 13.7% one or two years
prior the survey). Every third subject (35.4%) had never
had a Pap test.

During the three years prior to the survey, a Pap test
had been executed most frequently on women aged 25-
34 (68.4%), married women (52.7%), Belgrade residents
(57.1%) and other urban dwellers (47.8%), highly educated
(66.6%), employed (69.5%), and women belonging to the
richest population group (62.8%) (Table 1).

The highest percentage of respondents did the Pap test
after it had been recommended by a doctor (52.3%); 45%
of subjects did it on their own initiative, and only 2.7%
did it after being summoned by medical professionals to
attend organized screenings.

The analysis shows that there is a statistically signifi-
cant correlation between all the observed demographic

Table 1. The frequency distributions of the last Pap test based on the demographic
and socio-economic characteristics of the respondents

tee, which covers four major regions in Serbia ) Inthe | 1-2 | 2-3 | =3 No
based in Dr Milan Jovanovic Batut Public Health Variables r:?;;:ﬁs y:a(r)s y:a(r)s yaea(r)s Never | o nswer| P*
Institute of Serbia in Belgrade, Institute of Public Age J J J
Health in Novi Sad, Institute of Public Healthin |5, 15.5 6.1 14 11 75 09
Kragujevac, and Institute of Public Health in Nis. 5575, 391 | 217 | 76 | 58 | 252 | o6
All necessary steps were taken, in accordance 35 44 377 | 197 | 87 | 131 | 20 08
with the Law on Personal Data Protection (Off. 45_54 203 205 98 197 | 192 15 | 0.001
Gazette of RS No 97/08, 104/09) [14], to ensure [ 55_¢4 216 | 135 | 61 | 208 | 267 | 23
the protection of privacy and confidentiality of | g5 57 54 37 | 305 | 487 6
collected information. Marital status

The study used only the data on respondents single 18.9 95 27 34 | 642 13
aged 15 and above and their respective house- married 27.4 173 8 204 | 251 18
holds. The final sample for analysis included widow 9.9 56 3.1 29 465 59 | < 0.001
7864 women. Demographic characteristics (i.e. divorced 27.8 15.8 6.9 259 | 218 1.8
age, marital status, settlement type, region) and | Type of residence
socioeconomic status (i.e. education, employ- | city 267 | 146 | 65 | 219 | 284 | 19 | _
ment, and well-being index) are used as inde- | other 172 | 124 | 57 | 166 | 448 | 33 '
pendent variables. The cervical cancer screening | Region
practices were taken as dependent variables. Vojvodina 229 | 129 | 56 | 215 | 354 | 19

The data of interest were analyzed with the | Belgrade 332 | 169 7 238 | 168 | 23
mathematical-statistical methods suitable for | Sumadijaand | oo | 5o | 55 | 169 | 436 | 26 | <000
the data type. x* test was applied to examine the W. Serbia .
differences in the frequencies of categorical vari- 5.and E Serbia] 178 | 126 | 66 | 172 | 422 | 36
ables. Logistic regression analysis was used to ex- Ed,ucatlon
amine demographic and socio-economic factors primary school} 9.4 08 4 202 | >45 | 5
associated with the disparities in cervical cancer h'9h SChOd 274 | V74 | 77 20 | 265 1| <000t
screening habits. All results with the probability university 08 | 192 | 66 | 171 | 154 !

. Employment status
equal to <')r .less theTn 5% (p< 0.05.) Were consu:.l— employed 205 0.9 81 13 168 07
ered statlstlcaHY significant. Sjtatlstlcal analysis unemployed 755 181 66 | 153 | 328 17 1 <0001
was performed in a commercial standard soft- 5~ - 13.1 84 s 246 | 452 | 37
ware package IBM SPSS Statistics, Version 19.0 Financial status
(IBM Corp., Armonk, NY, USA). I (the poorest) | 10.7 74 48 | 187 | 536 | 48
I 17.3 13.6 6.3 20.9 40.3 1.6
1] 224 14 74 20.5 33 2.7

RESULTS \% 28 17.3 5.7 20.1 26.9 2 <0001
The 62.1% of the respondents had done a Pap yvg‘ltehiest) 387 | 174 | 67 | 176 | 184 12
test prior to the study; 42.6% of them had  *(test
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and socio-economic features and the screening initiatives.
Highly educated subjects were most likely to take screening
examinations voluntarily (60.6%). For the women with the
lowest education level the percentage amounted to 29.1%;
these respondents (with elementary or lower education)
were significantly more likely to undergo Pap testing after
being recommended to do so by a doctor (66.8% to 37.2%).
The same pattern is revealed for financial statuses. The
wealthy respondents did their Pap tests more frequently
on their own initiative (57.1%) than the poorest (30.9%)
ones. The opposite correlation was determined for screen-
ings performed at doctors’ recommendations. The poor-
est respondents were most likely to get tested in suchlike
manner (64.3%). In terms of employment, the analysis re-
veals that employed women were most likely to get tested
at their own request (50.7%); 43.9% of unemployed and
38.7% of inactive respondents reported the same practice.
The respondents from Belgrade (50.3%) and other urban
areas (50.1%) were more likely to take the Pap test on their
own initiative, while women from rural areas (60.3%) and
other regions were more likely to get tested after doctors
had recommended them to do so (Table 2).

The multivariable logistic regression analysis shows that
the most important factors in women who have never done
a Pap test are as follows: age (being within the youngest
or the oldest age group), rural residence and low level of
education, poor socio-economic status, and marital status
(never have married). The respondents with the lowest
education level were four times less likely to take a Pap test
than those with the highest education level (OR = 4.203).
Those who belong to the poor group, based on the index
of well-being, did their Pap smear tests 2.8 times less fre-
quently than those who were classified as wealthy (OR =
2.856). Women who have never been married were signifi-
cantly less likely to get tested than those who have been
married (OR = 2.761). The same applies to economically
inactive women (OR = 1.632). The youngest subjects, i.e.
those who were less than 24 years old, did Pap tests least
frequently (OR = 1.816).

DISCUSSION

Every third women had never had a Pap test in her life.
The most important factors in women who had never un-
dergone Pap tests were the following: age (being within the
youngest or the oldest age group), rural residence and low
level of education, poor socio-economic status, and marital
status (have never married).

The results of our study show that 62.1% of the sub-
jects had done a Pap smear at some point in time prior
to the survey. Only 42.6% of our respondents had done
it during the three years prior to the study. Compared to
our results, higher rates of screening were recorded in the
national research in Brazil in 2013 on a sample of 31,845
respondents (78.8%) [15]. Similar rates were also recorded
by the Cancer Barometer surveys in France; however, they
also noted a declining trend from 75.3% in 2006 (n = 3820)
to 71.9% in 2010 (n = 3727) [16]. Quite contrary to this,

‘ DOI: https://doi.org/10.2298/SARH190109129D
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Table 2. Frequency distributions for Pap test initiatives based on the
demographic and socio-economic characteristics of the respondents

, Summoned
. Personal Doctor’s . "
Variables Lo . to screening p
initiative | recommendation
(by a doctor)

Age
<24 41.1 579 1
25-34 46.6 52 1.4
35-44 52.7 45.1 2.2

< 0.001
45-54 43.5 53.1 34
55-64 4.7 54.2 4.1
> 65 39.1 56.4 4.5
Marital status
single 57.7 41 13
married 42.1 54.9 3

: <0.001

widow 41.9 56 2.1
divorced 58.2 39.5 23
Type of residence
city 50.1 47.9 2

< 0.001
other 35.7 60.3
Region
Vojvodina 46.7 51.9 1.4
Belgrade 50.3 48.9 0.8
Sumadija <0.001
and W. Serbia 42 >38 42
S.and E. Serbia 39 55.9 5.1
Education
primary 29.1 66.8 4.1
school
high school | 435 539 26 <0.001
university 60.6 37.2 2.2
Employment status
employed 50.7 46.7 2.6
unemployed 43.9 54 2.1 <0.001
inactive 38.7 58 33
Financial status
| (the 309 643 48
poorest)
1l 351 62.1 2.8
11 43 53.9 3.1 <0.001
\Y 48.2 49.9 1.9
V (the
wealthiest) 57.1 40.7 2.2

*x? test

the data obtained in population-based cross-sectional
surveys within Lithuanian Health Behaviour Monitoring
that included 4248 women aged 25-60 years revealed a
constant increasing trend - from 60% in 2006 to 74.2% in
2014. The likelihood of not being screened for cervical can-
cer was lower among older than among younger women
(OR =0.70; 95% CI = 0.61-0.82) [17].

Developed countries reported even higher screening
rates. For example, 83% of women reported having a Pap
smear test performed during the previous three years in the
United States [18]. The analysis of a cross-sectional survey
from Great Britain indicates that 91% of women aged 40—
74 years had had a cervical smear test; 3% of women aged
53-74 years had never undergone cervical screening [19].

Several Latin American countries reported the screen-
ing rates that are lower than ours. In all countries in
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Table 3. The cross ratios (OR) and 95% confidence intervals (Cl) for women who
have never done the screening, based on the demographic and socio-economic

characteristics

functioning relatively well. The others are still
in the early or preparatory stages of suchlike

Univariate model Multivariate model screening practices. In countries where cervi-
Variables oRO%C) | b ORE5%C) | p cal screening is performed, plans and strategies
e have been established for switching to organized
<24 2.899 (2424-3.468) | <0.0005| 1.816 (1397-2.362) | <0.0005| o congs the near future.[zz]'
The results of our analysis show that only
25-34 0.317 (0.268-0.375) | < 0.0005 | 0.505 (0.406-0.628) | < 0.0005 2.7% of women responded to a doctor’s call to
35-44 0.236 (0.199-0.280) | < 0.0005 | 0.472 (0.383-0.582) | < 0.0005 attend organized screening. The Ministry of
45-54 0.226 (0.192-0.267) | < 0.0005 | 0.401 (0.330-0.488) | <0.0005 | Health of the Republic of Serbia appointed a
55-64 0350 (0.303-0.404) | <0.0005 | 0.491(0417-0579) | <0.0005 | Special working group for the prevention of cer-
> 65 1 1 vical cancer in June 2006 as an official response
Marital status to high incidence of cervical cancer. The group’s
single 1 1 task was to establish a national program for the
married 3.603 (3.094-4.196) | < 0.0005 | 2.761(2.231-3.416) | <0.0005| Prevention of cervical cancer. The program was
widow 1.183(0.888-1.576) | 025 | 1.347(0.994-1.826) | 0.055 adopted in 2008, but the results have still not
Type of residence been satisfactory, primarily because of the low
city 1 1 response from the women whose health culture
other 1524 (1.334-1.741) | <0.0005 | 1.006 (0.849-1.192) | 0.945 is low. In addition, the implementation of health
Education promotion programs has been insufficient,
primary : : probably due to disregarding the recommen-
school dations from the appointed group, as well as the
high school 15 113 (1.760-2.548) | <0.0005 | 1656 (1.339-2.049) | <0.0005| incompetence in managing suchlike programs.
university 8.334(6.575-10.563) | < 0.0005 | 4.203 (3.164-5.583) | < 0.0005 The Curr,ent htf:‘:r.ature on t.he f:O.plC I'eI.)Ol'i.:S that
Employment status recent medlcall visits are a significant indicator
employed ] ] of regent cervical cancer tests. [20]. Thf: results
unemployed | 5.202 (4.342-6.233) | <0.0005 | 1.632 (1.302-2.045) | < 0.0005 of this study show that the highest ratio of re-
inactive 1,989 (1.702-2.324) | <0.0005 | 1249 (1.049-1487) | 0012 | SPondents did their Pap test after they had been
Economic well-being index advised by a doctor to do so (52.3%). Women
wealthy 1 1 from Latin America who had recently visited
middle 1838 (1557-2.171) | <0.0005 | 1639 (1339-2.005) | <0.0005  their doctor were 1.47-3.44 times more likely
poor 4.117(3.272-5.181) | <0.0005 | 2.856 (2.121-3846) | <0.0005  to have a recent Pap smear test than those who

question, the ratio of a recent Pap smear test was be-
low 55%; for example, 49% (95% CI, 49-50%) in the
Dominican Republic, 42% (95% CI, 41-43%) in Bolivia,
and 52% (95% CI, 51-53%) in Peru. There have been indi-
cations that the percentage of women with Pap test aware-
ness was growing in both Bolivia and Peru, with the level
consistently higher in the latter country [20].

The results obtained for the countries in the region vary
significantly. In Greece, women aged 40-69 years were re-
cruited for the Pap smear screening program. About 7% of
them reported that they had never done a Pap test before
they entered the program and 28.8% had not done it during
the previous three years [21]. Reportedly, cervical cancer
screening rates in Hungary amount to 74%. On the other
hand, the screening coverage among women in their re-
productive age in Albania is extremely low. It is the lowest
detected rate in the region with only 3.2% of women 15-44
years old tested. The organized cervical cancer screening
program in Bosnia and Herzegovina has not improved
significantly and the country still lacks national cervical
cancer registries and Pap test databases. In Bulgaria, there
is no national program for cancer prevention. Currently,
North Macedonia also lacks the national cancer registry.
However, several countries in the region have managed
to establish organized cervical cancer screenings that are
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had not visited a doctor recently [20]. The prob-
ability of having a Pap test in this manner was
48% higher in Bolivia (95% CI, 39-59%), 241% higher in
Brazil (95% CI, 182-312%), 98% higher in the Dominican
Republic (95% CI, 85-113%), 77% higher in Guatemala
(95% CI, 36-125%), and 94% higher in Nicaragua (95%
CIL, 67-129%). In summary, women were 47-244% more
likely to receive a recent Pap smear screening after they had
recently visited a doctor than those who had not. These data
were adjusted to other socioeconomic covariates. Even the
poorest women with the recent medical visit were more
likely to get tested than the richest women who had not
recently visited a doctor. The relations between a recent
visit to a doctor and cervical cancer screening may operate
through different pathways. Screening may coincide with
prenatal or postnatal care or the treatment of any illness as
opposed to seeking preventive care directly [23, 24].
Cervical cancer screening habits in Serbia exhibit sig-
nificant disparities in women based on socioeconomic and
demographic characteristics. The multivariable logistic re-
gression analysis shows that the most important factors in
women who have never done a Pap test are the following:
age (being within the youngest or the oldest age group),
rural residence and low level of education, poor socio-
economic status, and marital status (have never married).
Some studies suggest that the participation in the cer-
vical screening is significantly higher in younger women
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who belong to higher social classes, are better educated
and financially better off, who live in urban areas and visit
their gynecologist on a regular basis. In contrast, women
of lower socioeconomic status and education, unemployed
and disabled women, and women who do not have a habit
of visiting a gynecologist regularly are less likely to enter a
screening program [25].

Some previous studies in the field have shown that
household income is a significant predictor of cervical can-
cer screening practices and habits [26]. The current find-
ings from Latin America show that the knowledge about
the Pap smears and their importance in cancer prevention
increases with age (reaching a plateau in the age group
31-35 years) and with education levels. In Bolivia, women
with no formal education were 19% (95% CI, 16-22%)
less likely to be familiar with Pap smear tests than those
with primary education. The subjects with secondary and
higher education were 11% (95% CI, 10-13%) and 15%
(95% CI, 14-17%) more likely to be informed, respectively.
The results from Ecuador, Nicaragua, Peru, and Trinidad
and Tobago show that the probability of cervical cancer
screening was significantly higher in the urban than in the
rural population. The opposite pattern has been recorded
in Bolivia [20]. In Brazil, the screening prominence was
higher in the subjects with households in urban regions,
with partner cohabitation, with better education and with
private health insurance. Also, those who regularly under-
went screenings with established protocols had healthier
lifestyles, including healthier behavior patterns in terms
of cervical cancer prevention [27].

Our results are in accordance with other findings re-
ported for European countries. For example, in Lithuania,
the non-attendance to cervical screenings was associated
with lower education, being single, and having rare con-
tacts with doctors [17]. The survey conducted in Italy re-
vealed that the age group 55-64 years (OR =2.11, 95% CI:
1.76-2.53) and divorce (OR = 1.32,95% CI 1.02-1.71) were
important factors [28].

The current literature suggests that participation in cer-
vical screenings of those individuals with lower income
can be enhanced with adequate interventions at the pri-
mary health care level, where an additional focus should
be placed on the members of vulnerable groups. Therefore,
it is important to keep monitoring how the current public
health policies, like expanding the scope of free cervical
cancer examination of women whose households are in the
lower 50% of the income bracket, impact the participation
rates over time [26].

Our study has several limitations. The main limitation
is its cross-sectional design, which does not permit in-
ferences about potential causal relations between the ex-
planatory variables and disorders of interest. In addition,
self-reporting is always prone to recall biases in describing
past screening experiences or socioeconomic variables.
Several factors that may influence the rate of participa-
tion in cervical cancer screenings, such as accessibility
and availability of screening facilities, were not included in
this study. These factors should be examined in the future.
The further research in the field is also needed in order to
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explore longitudinal trends and identify other potential
factors of inequalities in cervical cancer screening. For
better understanding and more efficient implementation
of public health strategies, focusing on women with low
socio-economic status, we need comprehensible studies to
be conducted constantly in the future.

CONCLUSION

Cervical cancer is a preventable disease. When regular
screening is properly implemented, early detection and
appropriate treatment are possible. In developing countries
like Serbia, a great deal more has to be done to improve the
screening rates. The measures should focus on increasing
the accessibility and availability of cervical cancer screen-
ing facilities and services and on decreasing health expen-
diture. Also, the infrastructure has to be improved. Health
care providers must be better educated and equipped.

Educational programs and strategies for raising aware-
ness about cervical cancer, cervical cancer screening and
prevention, are crucial steps in deepening and expanding
the knowledge of the female population about the issue.
As we have shown in this paper, health care service pro-
viders have a major impact on the decisions their patients
make about their health care and prevention. Their role
is crucial in addressing the lack of knowledge, cultural
barriers, shame, and fear of pain. Thus, they may have a
huge impact on the success of all preventive measures and
interventions. Finally, health care system and its health
care centers should incorporate cervical cancer screening
into their health services at the primary health care level.

The results of this study may be helpful to decision
makers, health care providers, and the whole community
in designing proper strategies to handle Serbian unfavor-
able cervical cancer statistics. The findings of this study
emphasize the need to explore continuously the reasons
why women do not attend regular cervical cancer screen-
ings and to constantly examine the potential ways of sup-
porting and encouraging vulnerable groups to take part
in regular screenings. All the strategies and interventions
should place an additional emphasis on those population
groups that are socially and economically vulnerable and
thus most endangered. Only by doing so, we can effectively
reduce the current disparities in cervical cancer screenings
and diminish the inequalities in the diagnosis stage and
treatment, and eventually in survival rates.
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Yyectanoct u ¢pakTopu NoBe3aHM ca CKPUHUHIOM paKa rpavha matepuue Kog eHa
Yy ONLWTOj NONyNaLMju — AOKa3M U3 HauuoHaNHOr UCTPaXKMBakba 34paB/ba

loppaHa Hophesuh', CBetnaHa Pagesuh? KatapuHa JaHuhujesuh? TatjaHa Karbesal?, MisaHa Cumuh-BykomaHoBUR?,

CHexxaHa PagoBaHoBuh?

'YHuep3uteT y KparyjesLy, OakynTeT MeAULIMHCKIX HayKa, KaTeapa 3a enupemuonorujy, Kparyjesau, Cpouja;
2YHuBep3uTeT y KparyjesLy, akynteT Me[nLMHCKNX HayKa, KaTeppa 3a couujanHy meanumHy, Kparyjesau, Cpbuja;
*YHusep3uTeT y KparyjesLy, akynteT MeAnLMHCKNX HayKa, KaTefipa 3a npeBeHTUBHY 1 fievjy cTomaTonorujy, Kparyjesal, Cpbuja

YBoa/Lum Cpbuja foxmBIbaBa BUCOKY onTepeheHocCT Kap-
uvHoMmoM rpnuha matepuLe 1 Ma jeaHy of Hajsehux ctona
VHUMZeHUMje n cMpTHocTh Yy EBponu.

Linmb cTyavje je npoueHa npeBaneHuuje 1 pakTopa NoBe3aHNX
ca Kopuwwherbem CKpUHWHIA Ha KapuyHoM rpavha matepuue y
OMLUTOj MOMNyNaumju XeHa.

Metoge KopuwheHu cy nogaum 13 HaumoHanHor Uctpaxu-
Bakba 34paBsba cTaHoBHULITBA Cpbuje 2013. JlorncTuyka perpe-
C/IOHa aHanu13a je NpYMer-eHa 3a UCMUTUBaK€ NMOBE3aHOCTH fie-
MOrpadCKmX 1 COLIMO-eKOHOMCKIX GaKTopa ca HejeAHaKoCTMa
NPUInKom Kopuwherba CKPUHMHIA Ha pak rpavha matepuue.
Pesynrtatm CBaka Tpeha xeHa (35,4%) HMKafa Huje ypaguna
lManaHuKonay TecT TOKOM XuBoTa. Hajsehu je npoueHat ncnu-
TaHULa Koje cy Mana TecT ypaawne no caseTy nekapa (52,3%),
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a 3aTVIM CaMOVIHULIMjaTUBHO — 45% eHa, oK MNO3MB nekapa y
OKBMPY OpPraH130BaHOr CKPYHWHIa HaBoAM cBera 2,7% xeHa.
MynTtnBapumjaHTHa TOrMCTUYKa perpecurja Kao Haj3aHavajHuje
daKTOpe 3a XKeHe Koje HKaaa HUCy ypaaune Mana TecT ns-
[Bojuna je Hajmnahy 1 HajcTapujy BO6HY rpyny, BaHrpagcka
Hacerba, HU3aK HIBO 0Opa3oBatba, CMPOMALLHY Kilacy 1 eHe
Koje HMKapaa Hucy bune y 6paky/BaHOpayHoj 3ajefHMLN.
3akmyuak EdekTmBHe cTpaTeruvje n nHTepBeHUuje Tpeba ga
6yny ycmepeHe Ha coLujanHo 1 eKOHOMCKU yrpoXeHe rpyne
Kako 61 ce edprKacHO CMarbUIN ANCNAPUTETA Y CKPUHUHTY
KapLumHoma rpavha matepuue.

KrbyuHe peum: CKpUHUHT Ha KapuuHom rpnvha matepuue;
[Mana TecT; couno-eKOHOMCKE HejeJHaKoCTM
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SUMMARY

Introduction Cystic echinococcosis or hydatid disease is a parasitic disease, zoonosis, and is most
commonly caused by Echinococcus granulosus larvae. It mainly occurs in endemic areas. The most common

localization is the liver.

Case outline In this paper, we will present our experience with a 67-year-old female patient diagnosed
with an echinococcal cyst in the right lobe of the liver, as confirmed by computed tomography examination
of the abdomen. The patient underwent laparoscopic partial pericystectomy with omentoplasty. The
operation went without complications, as well as the postoperative period.

Conclusion Laparoscopic partial pericystectomy is a safe and effective treatment of available
hepatic hydatid cysts. Considering all the benefits of minimally invasive surgery, laparoscopic partial
pericystectomy of hepatic hydatid cysts may be the treatment of choice, over the classical open surgery

approach.

Keywords: Echinococcus granulosus; liver cyst; laparoscopy; hydatid cyst; laparoscopic fenestration

INTRODUCTION

Cystic echinococcosis or hydatid disease is a
parasitic disease, zoonosis, and is most com-
monly caused by Echinococcus granulosus [1].
Hepatic echinococcosis is the most common
localization of echinococcal disease in man.
There are other rare causative agents of echino-
coccal disease: E. multilocolaris, E. vogeli, and
E. Oligarthus. The most common in humans
is a cystic form of the disease that is caused
by E. granulosus, much rarer is the alveolar
form, which is caused by E. alveolaris. It can
affect all organs and tissues. The most com-
monly affected are the liver (70-80%) and lungs
(10-25%), while rarely, in about 5% of cases, it
can be found in the spleen, kidneys, mesentery,
pancreas, brain, heart, muscles and skeleton [2].

Echinococcus granulosus is common in the
endemic and sheep breeding regions of the
Mediterranean, the Middle East, Australia,
New Zealand, South Africa, and South America.

The symptoms are nonspecific. Usually,
the infection occurs at a young age and years
before the disease is diagnosed. In clinically
manifested disease, there are cysts usually large
in diameter, which exert a compressive effect
and cause problems in the form of dull pain
under the right costal arch, discomfort, and this
is the reason why the clinical trials are started.
The appearance of jaundice, cough, hemoptysis,
and severe abdominal pain with fever are signs
of advanced disease with consequent complica-
tions and the spread of the disease.

It can be diagnosed in several ways: in addi-
tion to a well-processed medical history, clinical
status, and clinical testing (X-ray, ultrasound,
nuclear magnetic resonance, computed tomog-
raphy, laboratory analyses, and serological tests
for the presence of anti-E. granulosus antibod-
ies by ELISA test) are also important [1]. The
disease is mainly diagnosed incidentally [3].

It is treated with albendazole preoperatively,
and also postoperatively, then surgically, as well
as with the aspiration of the cyst and injection
of scolecid (PAIR: puncture, aspiration, injec-
tion, and reaspiration procedure method) in
cysts smaller than 5 cm in diameter, in patients
who refuse surgery, or have contraindications
to surgery due to other comorbidities. Some
papers also describe the thermal destruction of
echinococcal cysts by using the radiofrequency
ablation [4].

In surgical treatment, we have the classic
open-approach and laparoscopic approach in
resolving echinococcal cysts. Insight into the
expert literature shows us that nowadays the
number of patients undergoing laparoscopic
method in hydatid disease is increasing, due to
many advantages in the form of shorter hospi-
talization of patients, faster recovery, and aes-
thetic benefits [5]. The laparoscopic approach is
mainly performed as the partial pericystectomy
with omentoplasty, although larger procedures
in the form of partial resections of the liver may
be performed laparoscopically. The first de-
scribed laparoscopic surgery for a hydatid cyst
was performed by Katkhouda in 1992 [6].
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This paper aims to present a laparoscopic approach as
a safe procedure in resolving hepatic echinococcal cysts.

CASE REPORT

A 67-year-old female patient, who was radiologically di-
agnosed in May 2019 with the hepatic echinococcal cyst,
was admitted to the Clinic for Digestive Surgery, Clinical
Center of Serbia, in January 2020. The inspection of the
medical records showed that the patient was treated with
four cycles of albendazole. Repeated multidetector com-
puted tomography examination confirmed an echinococ-
cal cyst sized 58 x 51 x 42 mm in the sixth liver segment,
which is slightly larger compared to the previous finding
of three months prior (Figure 1). The ultrasound exami-
nation verified the echinococcal cyst type III according to
the Gharbi classification. Serological tests for the presence
of anti-E. granulosus antibodies performed by ELISA test
were positive.

Due to the radiological (multidetector computed to-
mography) progression in echinococcal cyst growth, with
positive serological blood analyzes, we decided to perform

Figure 1. Abdominal computed tomography scan showing a hydatid
cyst in segment VI of the liver

Figure 2. Right lobe of the liver pulled up with forceps; a gauze soaked
with scolicidal solution used for operative field packing and also as
protection of instrumental liver injury
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laparoscopic surgery on February 3, 2020. Because of the
prevention of thromboembolic complications, the patient
preoperatively received low molecular weight heparin, as
well as a prophylactic dose of antibiotics.

After the placement of working ports and the laparo-
scope, the preoperative finding of the echinococcal cyst in
the sixth liver segment on the basic surface was confirmed.
After lifting the right lobe of the liver by the use of one
gauze holding instrument to prevent hepatic injury, one
approaches a cyst which is previously enclosed with gauze
soaked in a scolicidal solution (hypertonic or 10% NaCl)
(Figure 2). Then a small fenestration was made and suc-
tion was placed in the cavity of the cyst where a portion
of the content was aspirated without spilling it out (Figure
3). After that, a partial pericystectomy with the evacuation
of the content of the cyst (daughter cysts and germinative
membrane) was performed. The content was placed in the
endo-bag and then removed from the abdomen (Figure 4).

Then, the cavity of the cyst was carefully inspected,
cleaned with clean gauze to check for possible biliary fis-
tula. Since the gauze was bile-free, the operation was com-
pleted by placing a previously developed part of the large
omentum into the cyst cavity, fixed by a pair of sutures

Figure 3. Aspiration of the cyst content

3 4 '\‘

Figure 4. Evacuation of the daughter cysts in to the bag
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Figure 5. Omentoplasty — omental patch placed in the cyst cavity

(omentoplasty) (Figure 5). After the revision of hemostasis,
an abdominal drain was placed. The preparation was sent
for histopathological examination, which subsequently
confirmed that it was a hydatid hepatic disease.

There were no postoperative complications. The naso-
gastric probe was removed immediately after the surgery
and the abdominal drain was removed on the second post-
operative day. The patient was discharged from the hospital
on the third postoperative day with prescribed antibiotic
therapy and albendazole. One month after the surgery, an
ultrasound examination of the abdomen was performed,
as well as the magnetic resonance cholangiopancreatogra-
phy examination three months after the surgery, and both
showed regular findings.

This paper was approved by the institutional Committee
on Ethics, and written consent was obtained from the pa-
tient for the publication of this case report and any ac-
companying images.

DISCUSSION

Katkhouda et al. [6] were the first who described laparo-
scopic echinococcal cyst surgery in the liver in 1992.

The goal of hepatic cystic hydatid disease surgery is to
eliminate parasites, to prevent the onset of disease recur-
rence, and to reduce complications and morbidity to a
minimum.

A good preoperative imaging technique largely indi-
cates possible complications (e.g. the existence of a cystic-
biliary fistula), as well as the decision of the type of surgery
planned [7].

An insight into the expert literature here raises the ques-
tion of the scope of surgery required to achieve the desired
goal. Thus, there are two modalities in the surgical manage-
ment of hepatic hydatid disease: conservative and radical.
The choice of surgical treatment depends on the number,
localization, diameter, and complexity of echinococcal
cysts, as well as on the characteristics of the patient (age,
comorbidities) and the experience of the surgeon.

‘ DOI: https://doi.org/10.2298/SARH200519045G
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A conservative surgical procedure is a partial pericystec-
tomy with the removal of the roof of the echinococcal cyst
and its contents (germinative membrane and daughter cysts)
and placement of part of the large omentum in the cyst cav-
ity (omentoplasty). This is an easier and simpler procedure,
which is generally sufficient to deal with hydatid liver disease.

Radical surgical procedures represent two types of sur-
gery: total pericystectomy with echinococcal cyst removal
in its entirety, and the other is liver resection.

Indications for surgery are mainly echinococcal cysts
type Il and III, according to Gharbi’s classification, although
some authors include type IV, as well as uncomplicated
large-sized cysts that compress the surrounding organs, cysts
in which the percutaneous treatment is not possible (cysts
at risk of spontaneous or traumatic ruptures due to hang-
ing localization on the liver surface, or infected cysts) [8].

According to the current literature data, about 10% of
cases remain diagnostically unrecognized disease [9].

It is considered that cysts smaller than 5 cm in diameter
can be treated by an interventional radiologist under the
control of the ultrasound if the cysts are easily accessible
(PAIR procedure). Although this is a less invasive proce-
dure, it also carries some possible complications such as
the existence of cystic-biliary fistula after the intervention
[10]. Larger diameter cysts are those that are indications
for surgical treatment, as well as those, which are more
difficult to access.

An indication for surgical resolution of an echinococcal
cyst (rather than PAIR) is certainly a preoperatively nuclear
magnetic resonance suspected cystic biliary fistula. Its reso-
lution depends on the size and localization of the cyst, as
well as the experience of the surgeon. The fistula is usually
identified intraoperatively by inspection, after evacuat-
ing the cyst contents and placing of a white, clean gauze
in the cavity of the cyst, after which the biliary content
(bile) is observed on the gauze. Cystic-biliary fistula can
be identified by intraoperative cholangiography, or by the
white leakage test. Surgical resolution after identification
of the fistulose orifice is by suture. Endoscopic retrograde
cholangiopancreatography is a method that also may help
to resolve the fistulous opening [11]. In clinical practice,
endoscopic retrograde cholangiopancreatography is used
for preoperatively diagnosed echinococcal cyst rupture into
the biliary tract, where the hydatid content (cyst daughter)
is seen in the bile ducts, or postoperatively in cases with
complications including biliary fistulas or jaundice. In sus-
pected minor cystic-biliary fistula, there is still controversy
about the routine preoperative endoscopic retrograde chol-
angiopancreatography with sphincterotomy [12].

With the first successful laparoscopic surgery due to he-
patic echinococcal cysts, begun a new era, with more series
are being published and surgeons mastering the technique.
However, the curve of learning and accepting the laparo-
scopic technique is a long process. With the advancement
of the technique, the innovation of instruments and the
experience of the surgeons, radical laparoscopic surgical
procedures, such as pericystectomy and hepatectomy for
hepatic hydatid disease in selected cases, are beginning
to be reported, with diminishing morbidity and with all
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the benefits of laparoscopic surgery in the form of faster
recovery. Several comparative papers have been published
concerning the differences between laparoscopic and classi-
cal, open surgery. The results are generally similar, although
laparoscopic surgery is preferred because of the slightly
lower morbidity, in selected cases of course. The surgical
approach, as well as the treatment of patients with hepatic
hydatid disease, should be individual and tailored to each
patient individually, and thus laparoscopic surgery would
be increasingly used [13].

Laparoscopic surgery, as a superior approach in resolv-
ing echinococcal cysts, is particularly preferred for cysts
that are more accessible in the I, III, IVb, V, and VI seg-
ments of the liver [14].

Indications for laparoscopic echinococcal cyst sur-
gery are, according to some authors, cysts up to 14 cm
in diameter, as well as their availability, that is, accessible
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localization. In these cases, the laparoscopic approach is
superior. In addition, the existence of a cystic-biliary fis-
tula can be resolved laparoscopically by sutures or clips
(13, 15, 16].

According to guidelines, laparoscopic surgery provides
a safe and effective approach for almost all types of hepatic
hydatid cysts.

This paper demonstrates that laparoscopic surgery for
hepatic echinococcal cyst is safe to perform. It is recom-
mended that a white gauze soaked in scolicid agents stands
in the cavity of the echinococcal cyst for a minimum of
five minutes after pericystectomy. Existence of cysto-biliary
fistula can be confirmed by gauze colorization by bile. We
also believe that it is desirable to place an omental patch in
the cavity of the cyst as it may prevent abscess formation.
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J1lanapoCKONCKM NpUCTYN y Nederby eXMHOKOKHe 60/1ecTH jeTpe — npuKa3 6onecHuKa

W npernea nuteparype

Huikona Mpy6op'?, bopuic Taguh'?, Bnagummp Munocasmbesuh?, hophe Knexesuh'? Crnasko Matuh'?
'KnuHnukn ueHtap Cpbuje, Knnnvka 3a gurectnsHy xupyprujy — MpBa xupypLuka knuHuka, beorpag, Cpbuja;

2YHueep3uTeT y beorpaay, MeanunHcku dakyntet, beorpag, Cpbuja;
*MonuknuHuka,Mpauuja mepnka’, beorpag, Cpbuja

CAMETAK

YBopg LiuctnyHa exmHoKoKo3a unm xvugatugHa 6onect npeacra-
BJba Mapa3nTapHO 000/berE, 300HO3Y 1 Hajuellhe je y3poKo-
BaHa JlapBama ncehe naHtmbuyape (Echinococcus granulosus).
YrnaBHOM Ce jaBsba Y eHAEMCKUM nogpyuyjuma. Hajuewha no-
Kanusauwja je jetpa.

Mpukas 6onecHnka Y oBom pafy npukasahemo Halle NCKYCTBO
ca 6onecHMLOM CTapom 67 rofHa, Kog Koje je AnjarHOCTUKO-
BaHa EXMHOKOKHa LCTa y leCHOM nobycy jeTpe, WTO je 1 no-
TBpPhHEHO Npernefom MynTUAETEKTOPCKOM KOMMjyTePU30BaHOM
Tomorpadujom abaomeHa. bonecHnuy je yuntbeHa namapo-
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CKOMCKa napuujanHa nepuumcTekTommja ca OMEHTOMNACTM-
Kom. OnepaLuja 1 NocTonepaTviBHY NePUOA NPOTEKNN Cy 6e3
KomnnmKauuja.

3ak/byyak Jlanapockoncka napLmjanHa nepuLmctekTomuja je
curypaH v epmkacaH TpeTMaH AOCTYMHUX EXMHOKOKHUX LICTN
jetpe. C 063MpoOM Ha NpefHOCTV MAHVMANTHO HBA3UBHE XIi-
pypruje, oBa npoLiefypa Moxe 61T TpeTmaH n3bopa 3a exu-
HOKOKHe LCTe jeTpe, Hacmpam KnacuyHe OTBOPeHe onepatjyje.

KmyuHe peun: Echinococcus granulosus; uncTa jeTpe; nana-
pocKonuja; xmaaTnaHa LMcTa; lanapockoncka GeHectpaumja
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Abdominal wall endometriosis - clinical
presentation, imaging features and management of
five cases
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SUMMARY

Introduction Endometriosis represents a functional endometrium outside the uterine cavity. Ectopic
endometrial tissue has been identified within the pelvis, affecting both pelvic and extrapelvic organs,
causing recurrent pelvic or abdominal pain corresponding to the menstrual cycle.

The incidence of abdominal wall endometriosis after Cesarean section is approximately 2%. It is often
mistaken for other conditions primarily because this condition is underestimated on imaging.

The objective of this case series is to summarize possible clinical and radiological presentations of this
uncommon condition.

Outline of cases The authors present a case series of five patients who developed abdominal wall en-
dometriosis after Cesarean section. Having been diagnosed clinically, the patients underwent open
abdominal surgery, and were treated by surgical resection.

Conclusion Good clinical practice and excellent surgical techniques may help in preventing endome-
triosis, while adequate clinical examination and proper imaging can help in presurgical planning and
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successful definitive treatment.

Keywords: abdominal wall; Caesarean section; endometriosis; endometrioma; imaging; surgery

INTRODUCTION

Abdominal wall endometriosis (AWE) repre-
sents a challenging and underestimated diag-
nosis for both clinicians and radiologists due to
its rarity [1, 2, 3]. However, it seems to be the
most frequent localization of the extra-pelvic
endometriosis [3, 4]. In the past, imaging did
not represent a significant part of presurgical
assessment, providing only scarce information
on general radiological features of AWE [3].

Endometriosis is reported in up to 10% of
menstruating women and in up to 40% of re-
productive age women who undergo gyneco-
logical procedures allowing endometrial tissue
to be transplanted [5].

Anterior wall endometriosis should be taken
into consideration when a painful and tender
palpable abdominal wall mass appears within
or near Cesarean section, hysterectomy, or lap-
aroscopic trocar sites, with or without bleeding
from Cesarean section scar and cramp [6].

Presurgical assessment of this condition
should consist primarily of clinical examina-
tion followed by appropriate imaging, most
commonly ultrasonography (US) or magnetic
resonance imaging (MRI).

The objective of this case series is to summa-
rize possible clinical and radiological presenta-
tions of this uncommon condition.

CASE REPORTS
Case 1

A 33-year-old patient was referred to a gyne-
cologist due to pain in the middle of Cesarean
section scar that correlates with menstrual
bleeding. The patient underwent two Cesarean
sections 18 and 49 months before.

Clinical examination revealed two palpable
tumors, being approximately 25 x 25 mm and
30 x 20 mm in size, respectively, in the abdomi-
nal wall just beneath the Cesarean section scar,
that being in accordance with US findings of
two irregular, heterogeneous subcutaneous
nodules of 23 x 21 mm and 32 x 23 mm, re-
spectively. MRI confirmed the diagnosis, show-
ing two spiculated masses within the muscle of
the anterior abdominal wall with imprints to
the peritoneum.

Case 2

A 37-year-old patient was referred to a gynecol-
ogist due to pain in the left part of the Cesarean
section scar correlating with menstrual bleed-
ing. The patient was delivered via Cesarean
section 25 months earlier.

Clinical examination revealed a palpable
tumor, measuring approximately 45 x 30 mm,
in the abdominal wall just beneath the healthy



Abdominal wall endometriosis - clinical presentation, imaging features and management of five cases

Cesarean section scar, and it corre-

Table 1. Clinical information on all five cases

lated with US findings of irregular, Patient| Age at Months Main Impression | Imaging | Year of
heterogeneous subcutaneous nodules No. | diagnosis after symptom after physical | used for | operation
L (&) examination | diagnosis | for AWEC
of 50 x 30 mm with internal scattered . .
. .. Painful mass in ACSS
echoes typical for scar endometriosis. 1 33 49,18 relationship with | Endometrioma | USG, MRI | 2015
menstruation
Case 3 Painful mass in ACSS
2 37 25 relationship with | Endometrioma UsG 2017
1d . f d menstruation
A 32-year-o 'patlent was referre Painful mass in ACSS
to a gynecologist due to pain in the 3 32 31 relationship with | Endometrioma|  CT 2018
right part of the Cesarean section scar menstruation
that correlated with menstrual bleed- 4 31 13 Painful mass in ACSS | Granuloma UsG 2018
ing. The patient had a history of one Painfuri mass in ACSS
. . with cutaneous .
previous Cesarean section 31 months 5 4 94,28 | fictula relationship Endometrioma | USG, MRI'| 2019
earlier. with menstruation

Clinical examination revealed a pal-
pable tumor, whose approximate size
was 25 x 15 mm, in the abdominal
wall just beneath the Cesarean sec-
tion scar. Computed tomography (CT)
confirmed the diagnosis, showing one
spiculated hypodense mass lesion ad-
jacent to the scar.

Case 4

A 31-year-old patient suffered from
pain in the middle and right part of
the Cesarean section scar and she was
therefore referred to a gynecologist.
She had undergone Cesarean section
13 months earlier.

Clinical examination revealed a
palpable tumor, measuring approxi-
mately 35 x 20 mm, in the abdominal
wall just beneath the Cesarean section
scar, which correlated with US find-
ings of irregular, subcutaneous nodule
of 37 x 18 mm.

Case5

A 41-year-old patient was referred to a gynecologist be-
cause she had complained of pain in the left part of the
Cesarean section scar with cutaneous bleeding fistula that
correlated with menstrual bleeding. The patient had un-
derwent two Cesarean sections, 94 and 28 months earlier.

Clinical examination revealed a palpable tumor, its
approximate size being 30 x 25 mm, in the abdominal
wall just beneath the Cesarean section scar, which was in
accordance with US findings of irregular, heterogeneous
subcutaneous nodule of 33 x 27 mm. MRI confirmed this
diagnosis, showing spiculated mass within the muscle of
the anterior abdominal wall with imprints to peritoneum
and associated with cutaneous fistula.

All five patients underwent mini-laparotomy with sur-
gical approach via previous Cesarean section scar. In all
cases, endometriomas were completely surgically removed.
The abdominal wall defect was reconstructed by sutures
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CS - Cesarean section; ACSS — abdominal wall previous Cesarean section scar;
AWEC - abdominal wall endometriosis in CS scar; MRI - magnetic resonance imaging;
CT - computed tomography; USG - ultrasonography

Figure 1. Abdominal wall endometriosis; a multicompartmental cystic lesion is observed at
the level of right inguinum on T2W axial image (A), with slight contrast enhancement of the
walls seen on T1W vibe axial image (B), extending craniocaudally below the level of anterior
abdominal wall (C - T2W coronal image)

placed through the anatomical layers of the abdominal
wall (Table 1).

Being parts of the abdominal wall, all surgical speci-
mens were pink-brown in color. However, after the resec-
tion of specimens, they became multicolored in appearance
and of elastic consistency (Figures 2 and 3).

Pathohistological examinations of collected samples
revealed a lot of coalescent foci of endometrial mucosa
consisting of dilated endometrial glands, fenced by stro-
mal cells with typical morphological characteristics. Signs
of fresh and old hemorrhage were detected in examined
materials (Figure 4a).

Progressive destruction of the anterior abdominal wall
muscles was due to anastomosed stripes of newly devel-
oped fibrous tissue (Figure 4b).

The presence of all elements of the endometrial lining
within the anterior abdominal wall as an ectopic location
confirmed the PH diagnosis.
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Figure 2. Anterior abdominal wall fragment with the
zones of hemorrhage and fibrosis

Figure 3. Resected abdominal wall with cutaneous
fistula

Figure 4. a) Confluent endometriosis foci in the abdominal wall tissue (H&E, 10 x 10); b) fibrous destruction of the muscular
beam induced by confluent endometriosis zones (H&E, 10 x 25)

All performed procedures were in accordance with the
ethical standards of the institutional and/or national re-
search committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards.
Written consent to publish all shown material was obtained
from the patients.

DISCUSSION

Anterior AWE is closely connected to Cesarean section,
its reported incidence going up to 2% of all women who
underwent cesarean delivery [5, 7, 8].

Conditions such as stitch granuloma, hematoma, ke-
loids, primary or metastatic adenocarcinoma and inci-
sional hernia create a diagnostic dilemma [5, 8].

The time period from the Cesarean section to the onset
of symptoms ranges from a month to 17.5 years, the aver-
age being 30 months [8, 9].

Direct implantation is the most exploited theory of
pathogenesis of AWE. Namely, during the surgical proce-
dure that consists of opening the uterine cavity, endometri-
al tissue is implanted into the surgical scar and afterwards

‘ DOI: https://doi.org/10.2298/SARH191013021M

proliferates following the same hormonal influences as
uterine endometrium [9]. Endometriosis of surgical scar
often infiltrates not only superficial layers of the abdominal
wall, but also deeper layers - including the rectus muscle
and peritoneum [8].

A common clinical symptom of AWE is cyclical pain
spreading within the abdominal wall, usually occurring at
the time of menstruation [10].

Palpable mass at the site of maximum tenderness in the
region of the surgical scar, which is sometimes multilocu-
lated, is a typical clinical finding [8, 10].

Anterior AWE can also be asymptomatic and inci-
dentally discovered during imaging performed for other
reasons [8]. Routine imaging modality for the assess-
ment of AWE is US, due to its availability and low cost.
Endometriomas are usually found in the midline and in the
left hemiabdomen. Echosonographic features of scar en-
dometriomas are various and non-specific [2]. Most com-
monly, they present as solid, nodular masses, sometimes
stellate clearly defined margins [1]. Recent research has
confirmed that heterogenous echogenicity is most com-
mon, representing the distribution of fibrous and hemor-
rhagic components, and varying across the menstrual cycle
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[1, 3]. Internal echogenic spots or thick strands represent
the fibrotic tissue component [2]. On power Doppler
examinations, the lesions show internal vascularity, pe-
ripheral in distribution. It is important to notice that US
tindings of scar endometriomas differ from adnexal ones,
typically presenting with round cystic masses, clear mar-
gins, thickened walls, and low-level internal echoes [2].

The main role of CT and MRI is to depict the exact
extent of the disease preoperatively. CT may be performed
with or without the use of contrast agent — contrast stud-
ies are preferable due to higher sensitivity and specific-
ity [2]. The CT presentation of AWE nodules is usually
non-specific: solid soft-tissue masses that are of heterog-
enous density and directly associated with the scar tissue.
Contrast enhancement of the lesions is mild to moderate,
with depiction of the feeding vessels within or adjacent to
the nodule [2]. Internally, it can contain blood products
with variable attenuation (dependent on chronicity and
the menstrual cycle phase) [3].

MRI is a preferred cross-sectional imaging method
because of the best tissue characterization, the absence of
ionizing radiation, and the possibility of evaluating the
relationship between scar tissue and AWE, mandatory for
presurgical planning. Endometrioma is usually T2 hyper-
intense heterogenous nodule with hemorrhagic foci (best
observed on T1), directly associated with scar tissue. On
T1 sequences with fat suppression, endometrial foci are
seen as heterogenous hyperintense lesions, compared to
the abdominal musculature, as a result of hemorrhage.
Variable T2 signal intensity is associated with cyclic hor-
monal influences, chronic inflammation and fibrosis [11].
Contrast enhancement is usually strong, at least in a por-
tion of AWE. Diffusion-weighted imaging is used for di-
agnosing this condition, but apparent diffusion coefficient
values also vary across the menstrual cycle [12].

Diagnostic rates on CT and US are low, with undiag-
nosed endometriosis in 77-100% of the cases, while MRI
establishes the correct diagnosis in 75% of the cases [3].
It seems that radiologists are in general not familiar with
the spectrum of endometriosis imaging features. The most
common differential diagnoses include dermoid tumors,
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hematomas, keloids, granulomas, metastases, and lym-
phoma [13, 14]. Dermoid tumors may mimic the radio-
logical appearance of endometriomas but lack the cyclic
changes. Hematomas are associated with a recent trauma,
they lack typical contrast enhancement and are of a sudden
onset. Keloids are usually indistinguishable from AWEs
and require biopsy [15].

With emerging of new, less invasive therapeutic ap-
proaches, such as high-intensity focused US (HIFU) and
radiofrequency ablation (RFA), the requirements for the
adequate imaging follow-up will raise, and so should the
radiological awareness of this condition and its variable
presentation on imaging [16].

Only the presence of endometrial glands and stroma
within the lesion can confirm the histopathological diag-
nosis of endometriosis [17].

Therapeutic options for AWE include surgical excision
and medical therapy with hormonal agents — progesta-
gens, danazol, oral contraceptive pills, and gonadotropin-
releasing hormone analogs but with a partial response and
recurrence when medications are discontinued. The only
definitive treatment is a wide local surgical excision with
clear margins to prevent local recurrence [8, 18, 19, 20].

CONCLUSION

Anterior abdominal wall scar endometriosis after a
Cesarean section represents a challenge from both the
diagnostic and the therapeutic aspect.

With a rising Cesarean section rate, anterior abdominal
wall scar endometriosis is becoming more common, con-
sidering the theory of iatrogenic endometrial inoculation
into the surgical wound.

Good clinical practice and excellent surgical techniques
may help in preventing endometriosis, while adequate clin-
ical examination and proper imaging can help in presurgi-
cal planning and successful definitive treatment.
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EHgomeTpuO3a npeatber TPOYLWHOr 3uAa — KIMHUYKA Npe3eHTaLmja, UMULIUHT
KapaKTePUCTMKE U HAYMHU peLuaBakba NeT cayyajeBa

lopaH ManeHkosuh'? Catba Tomuh', JacMuHa boban'? HeHcn Jlannh'3, Mapko bojosuh?
'YHusep3uteT y HoBom Capy, MeanumHckun dpakyntet, Katenpa 3a 3gpascTseHy Hery, Hosu Cag, Cpbuja;

2/HcTuTyT 3a OHKONorujy BojsoamHe, Cpemcka KameHnuua, Cpbuja;

*MHcTuTyT 3a nnyhHe 6onectn BojsoguHe, Cpemcka Kamennua, Cpbuja

CAXETAK

YBopa EHlomMeTpro3a npefcTaBiba GyHKLUUOHANHN eHgoMe-
TPWjym 13BaH MaTepuyHe gynsbe. EKTONMYHO TKMBO eHJome-
Tpyjyma je naeHTUGUKOBAHO YHYTap KapauLe, 3axBaTa Kapau-
YHe 1 eKCTpanesBryHe opraHe y3poKyjyhv nensuyHu unv 6on
npearer TpOYLIHOT 31Aa Kojy Tpaje MCTOBPEMEHO Ca LiUKNY-
HUM MEHCTPYaJIHUM KpBapeHeM.

YuecTanoct eHIOMeTpro3e npeatber TPOYLHOT 31aa nocne
LlapcKor pesa je 2% 1 YecTo ce MOCyMHba Ha Apyra naTosioLKa
CTatba MPBEHCTBEHO yC/ief Henpeno3HaBaka OBOr CTakba Ha
VUMULIVHTY.

DOI: https://doi.org/10.2298/SARH191013021M

Linrb oBe cepuje cnyuyajeBa je npukasatu moryhe KnnHuuke n
pagnonoLLKe Npe3eHTaLmje eHAo0MeTpuro3e.

Mpuka3 6onecHuKa MNprikasaHa je rpyna og net 6onecHuua ca
€HLOMETPIO30M NpeAHEer TPOYLIHOT 3143, MOC/Ee LLapCKor pe3a,
Koja je KNMHNYKM AnjarHOCTMKOBaHa 1 MOABPrHyTa OTBOPEHO)
XUPYPrinju TOKaNHOM eKCL3UjOM.

3aksbyyak [Jobpa KnvH1YKa Npakca 1 M3BPCHE XMPYPLLKE Tex-
HUKe MOy NOMONK y cipeyaBatby eHAOMETPYO3E, JOK afieKBa-
TaH KIMHWYKY Npernes 1 ogrosapajyhvt UMMUUHT Mory nomohu
Y XUPYPLUKOM NAaHUpakby 1 YCNEeLHOM KOHaYHOM Neyekby.
KmbyuHe peun: TpOYLIHM 31A; LAPCKY Pe3; eHAOMETPUO3a; eH-
[OMETPUOM; UMULIMHT AMNjarHOCTYKa; onepauuja
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Tumors of the orbit as the first manifestation
of a lung and breast malignancy
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SUMMARY

Introduction Orbit is one of the rarer locations for the metastasis of malignant tumors. The symptoms of
orbital tumors are nonspecific, but require detail diagnostics. Methods of visualization, such as ultrasound,
radiography, computed tomography scan and/or magnetic resonance imaging of the endocranium are
a mandatory step in the diagnostics in order to determine not only the spread of the malignancy but
also the affliction of the surrounding structures. The orbital manifestations can be the first sign of the

malignant disease.

Outline of cases The first case report presents a female patient with ocular symptomatology as a result
of a metastasis of previously undiscovered breast cancer, and the second report presents a male patient
with undiscovered lung cancer also presenting with ocular symptomatology.

Conclusion An orbital tumor should instigate further diagnostic procedures, as it can be the first sign

of a disseminated malignant disease.

Keywords: orbit; cancer; metastasis; lungs; breast

INTRODUCTION

Tumor of the orbit is a term that encompasses
a wide array of both benign and malignant
processes located in the orbit or in its struc-
tures (mainly bone structures). Some of these
processes are vascular malformations, inflam-
mations, proliferation of the adipose tissue (in
Graves-Basedow disease), benign and malig-
nant tumors. The clinical manifestation of the
orbital tumors is, most commonly, nonspecific,
and is manifested with exophthalmos, ptosis,
ocular pain, or visual disorders. Computed to-
mography (CT), magnetic resonance imaging
(MRI) and ultrasound are important visualiza-
tion methods in the diagnostic of these tumors,
as well as providing important data in choosing
the best treatment options [1]. Depending of
the etiology and clinical presentation, the treat-
ment options of the orbital tumors are phar-
macological, surgical, or radiational [2, 3]. We
present two clinical cases where the primary
manifestation of a malignant disease, whose
primary localization is extraorbiral, is orbital
symptomatology.

REPORTS OF CASES
Case 1
Female patient, aged 54 years, was initially

treated at the Clinic of Ocular Diseases, Clinical
Center of Serbia, due to double vision, ocular

pain, and suddenly developed divergent stra-
bismus. Retrobulbar mass was discovered and
a biopsy was performed. The pathohistologi-
cal finding was that of a metastatic adenocar-
cinoma. As a part of a preoperative diagnos-
tic, a chest X-ray was performed and showed
a bilateral pleural effusion. A pulmonologist
was consulted, who indicated the hospitaliza-
tion at the Clinic of Pulmonology. After hos-
pitalization, a diagnostic pleural thoracentesis
was performed and its pathohistological find-
ing was that of a chronic fibrosing pleuritis.
In the effusion itself, malignant cells were
discovered; however, further differentiation
could not have been performed. During the
physical examination, enlarged lymph nodes
in both axilla were found, so mammography
was performed. The mammography showed
a malignant lesion in the left breast, classified
as T2N1Mx. In order to determine the spread
of the malignant disease, radiography of the
head, spine, and pelvis was performed, which
showed multiple osteolytic metastases (Figure
1). After performing all of the previously stated
diagnostic procedures, as well as the revision
of the orbital tumor biopsy, it was concluded
that the patient had primary breast cancer
with the metastasis in the orbit, pleura, and
the skeletal system. The patient was presented
to the Council for Primary Breast Cancer at the
Institute for Oncology and Radiology of Serbia.
The Council suggested treatment with systemic
chemotherapy - fluorouracil, Adriamycin, and
Cytoxan (FAC) regimen.
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Figure 1. Radiography of the skull and spine with osteolytic metastases

Case 2

Male patient, 47 years old, was admitted to the Clinic of
Ocular Diseases, presenting with a ptosis of the right eye-
lid. He did not have any respiratory symptoms at the time
of admission. As a part of the diagnostic procedure, a CT
scan of the endocranium was performed (Figure 2), which
showed that the ptosis was caused by a tumor of the orbit.
Additional diagnostic procedures were performed and
chest X-ray showed enlarged right hilum with elements
of infiltration present. This finding was further expanded
with a CT scan of the thorax and the abdomen (Figure 3),
which showed a primary tumor mass in the right lung with
multiple osteolytic metastases in the thoracic vertebrae, left
iliac bone, and in the skull. Multiple osteolytic metastases
had been confirmed with scintigraphy (Figure 4), and new
metastases in the sternum and ribs were detected. The pa-
tient was transferred to the Clinic of Pulmonology. Taking
into consideration the state of the patient (severe cachexia,
cyanosis) and a severe decrease in pulmonary function,
predominantly obstructive type (FVC 44.2%, FEV1 21.4%,
FEV1/FVC 38.85), further diagnostic procedures were not
performed at that time, and symptomatic treatment was
applied. Despite all of the therapeutic measurements, the
patient suffered a lethal outcome.

Consent was obtained from the patients for publication
of this report and any accompanying images.

DISCUSSION

Although rare, the signs and symptoms of the metastasis
in the ocular region can be the first sign of a malignant
disease [4]. As for the metastasis of the non-small cell lung
cancer, the eye represents an uncommon localization [5].
Clinical symptoms evolve rather quickly, in a matter of
weeks or months, and consist of exophthalmos and dif-
ficulty in moving the eye itself. Pain, double vision, and
other visual problems are also frequent. It should be noted
that, depending on the destruction of other nearby struc-
tures, the patient could present with an enophthalmos.
Certain studies have shown a relative correlation between
the localization of the metastasis in the orbit and its prima-
ry localization. Breast cancer has an affinity for the adipose
and muscular tissue, prostate cancer afflicts the bone, and
melanoma most commonly afflicts the muscular tissue [6].

‘ DOI: https://doi.org/10.2298/SARH191202043S
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Figure 2. Computed tomography scan of the endocranium, showing a
tumor infiltrating the base of the skull, zygomatic bone, and the walls
of the orbit, with penetration in the endocranium

Figure 3. Computed tomography scan of the thorax, showing emphy-
sema, tumor, and multiple metastatic changes

AP

Figure 4. Scintigraphy with multiple osteoblastic changes in the ver-
tebrae, sternum, scapula, skull, and ribs
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Tumors of the orbit as a metastatic disease

Ocular manifestations can be the first symptoms of a ma-
lignant disease primary located elsewhere. The incidence
of an ocular metastasis in lung cancer is 4-6.7% [7]. A
case report at the University Hospital in Bohn has shown
a patient, aged 65 years, who presented with an afferent
pupillary defect in his vision. The initial diagnosis was
that of an acute optic ischemia. However, after further di-
agnostics, it was discovered that the metastasis of the lung
cancer caused the compression of the optic nerve, which
in turn caused the visual deficit [8]. A patient similar to
our second case report, was described by doctors in Japan.
The patient, 55 years of age, had a sudden onset of double
vision with no respiratory symptomatology. The initial
MRI of the endocranium showed a tumor in the right orbit,
with destruction of the surrounding bone structures. The
tinding was supplemented with a CT scan of the thorax,
and the full body scintigraphy. The CT scan showed a tu-
mor in the right lung, 4 cm in diameter. Pathohistological
tinding showed that the tumor is an adenocarcinoma, and
scintigraphy showed multiple osteolytic metastases. Taking
into consideration all of the diagnostic results, it was con-
cluded that the patient had adenocarcinoma of the lungs
with multiple metastases. The patient was treated with
chemo- and radiotherapy; however, three months after the
diagnosis was set, despite the therapy, the patient died [9].
A case report form Indonesia had showcased a 39-year-old
woman who presented with blindness and nonproductive
cough. The physicians performed a panel of diagnostic
procedures similar to our own, and were able to perform
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a biopsy of a supraclavicular lymph node, which showed
that the patient had adenocarcinoma of the lung. After
a multidisciplinary approach, it was concluded that the
patient had stage IV lung cancer, and was treated with
chemotherapy. Unfortunately, after the first cycle, the pa-
tient passed away [10].

The orbit is not a common localization of the metas-
tasis for malignant tumors [11]. More often than not, the
ocular symptomatology is the first sign of the malignancy.
Methods of visualization, such as CT scan, MRI, and full-
body scintigraphy, are important to diagnose the underly-
ing disease, as well as its spread. However, it is important
to know that the lethality in these patients is significantly
higher, due to the fact that these patients usually have
multiple metastases. Certain tumor markers have shown
promise in predicting the development of ocular metasta-
ses, although further research is needed [12]. The purpose
of our case reports is to present these relatively rare forms
of metastases, and to help in everyday clinical practice in
diagnosing the primary malignant disease.
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Tymopu opbuTe Kao NpBo Ucnos/baBakbe manurie 6onectn nayha u gojke

Muxawuno Crjenatosuh'? Hukona Mapuh', Mapko bapanuh?, JacmmHa Mapuh-nekosuh', Buoneta Muxannosuh-ByumHuh'?
'KnuHnykmn uentap Cpbuje, Knuhrka 3a nynmonorujy, beorpag, Cpbuja;

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

*Knunnukn ueHTap Cpbuje, KnuHuka 3a Hedponorujy, beorpag, Cpbuja

CAXETAK

YBop Op6uTa NpeacTaBsba jedHy of PETKX loKalilja MeTacTasa
ManurHux tymopa. Cumntomu Tymopa opbuTe cy HecneLyduy-
HY, anuv 3axTeBajy AeTa/bHy AnjarHoCTKY. MeToae Bu3yanusa-
Lje Kao LTo Cy ynTpa3Byk, paguorpaduja nobarbe 1 KommjyTe-
pr3oBaHa ToMmorpaduja / MarHeTHa pe3oHaHTHa Tomorpaduja
€HAOKpPaHWjyMa NpeAcTaBsbajy obaBesaH KopaK y anjarHocTum
KaKo 611 ce TaUHO OAPEANAV CTEMEH PaLLMPEHOCTY METACTa3e 1
3axBaheHOCT OKOMHVX CTPYKTypa. Tpeba HanomeHyTV ja CMmr-
TOMaTOJ/10rMja Be3aHa 3a MeTacTaTckui TyMop opbuTte moxe 6utn
NpBU 3HaK ManurHe 6onectu.

DOI: https://doi.org/10.2298/SARH191202043S

Mpuka3 6onecHuka lNpBy NpuKas ciyvaja ce TMYe KeHe ca
opbuTanHOM CIMNTOMATONOMjOM KOja je mocieamnLa MeTactase
NPEeTXOAHO HEOTKPUBEHOT KapLMHOMa [0jKe, oK ce Y ApYrom
CNlyyajy pagy o MywKapLy ca opbutanHuM NcrnosbaBatbUMa
MeTacTaTcKor KapumHomMa niyha, Takohe npeTxogHo Heawjar-
HOCTUKOBAHOT.

3aksbyyak Manvrau Tymopu opbute Tpeba fa NOACTaKHY Aarby
AMjarHoCTUKy Kog obonesnor, ¢ 0631pom Ha To Aa Mory 6utn
nocnesfuLa AYCEMMHOBAHE ManurHe 6onectu.

KrbyuHe peun: opbyTa; KapLmMHOM; MeTacTasa; niyha; gojka
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SUMMARY

Introduction Prescription of penicillin requires extra caution in order to avoid its administration in a
person allergic to this antibiotic. We present a case of a patient allergic to penicillin, to whom a doctor
prescribed this medicine by mistake.

Case outline An 18-year-old female patient turned to an otolaryngologist because of a sore throat, dif-
ficulty in breathing, and light clogging in the left ear during several previous days. The patient tolerated
oral intake of only liquid foods. She reported frequent attacks of tonsillopharyngitis, and an allergy to
penicillin. Tonsillopharyngitis was established by a physical examination. The doctor prescribed oral
therapy, including a penicillin-based antibiotic Augmentin® (amoxicillin + clavulanate potassium) 1000
mg 2 x 1 tablet for seven days. The pharmacist in the local pharmacy knew the patient and was aware of
the fact that the girl was allergic to penicillin, so the patient did not take the prescribed penicillin-based
remedy. In this way, an extremely serious professional medical error did not obtain essential features of
a criminal act according to the Serbian Criminal Code.

Conclusion When prescribing antibiotics, it is necessary for the physician to be extremely careful not
to prescribe a medicine for which there is a cave warning in medical documentation, as this error can

become grounds for legal prosecution against the doctor, as well as for professional sanctioning.

Keywords: penicillin; prescribing; allergy; alert

INTRODUCTION

The number of antibiotics (AB) is large, and so
are the expectations of their use. In contempo-
rary clinical practice, however, problems have
been identified relating to: the use of insuffi-
ciently tested AB, non-indicated use of AB, not
prescribing AB in indicated cases, side effects of
AB, inadequate combinations with other drugs,
prescribing and administering AB to patients
who are not allowed to take them because of
sensitivity [1].

When assessing the contribution of AB to
health, they are one of the most important
groups of drugs: the introduction of ABs, es-
pecially of penicillin, is believed to have pro-
longed the life span of each inhabitant of our
planet for 10 years [2]. As an AB of narrow
spectrum, with proven efficacy and low cost,
penicillin has always been a drug of choice
in treating streptococcal tonsillopharyngitis.
However, it requires extra caution in order to
avoid its administration in a person allergic to
this AB.

We present a case of a patient allergic to
penicillin to whom a medical doctor prescribed
this medicine, as an illustration of a serious
medical error that has all the elements of a po-
tential criminal offence.

CASE REPORT

An 18-year-old female patient was examined by
an ear, nose, and throat (ENT) specialist for sore
throat, difficulty in breathing, and light clogging
in the left ear during several previous days. Due
to pronounced pain when swallowing, the pa-
tient was able to tolerate only liquid foods and
because of that she significantly reduced oral
intake of food and liquid. The patient reported
frequent attacks of acute tonsillopharyngitis, as
well as an allergy to pollen and penicillin, the
latter being written down as a medical warning
in the medical examination report of the ENT
specialist: CAVE PENICILLINI! (Figure 1).

Physical examination showed the follow-
ing: soft palate and mucous membranes were
diffusely extremely hyperemic; tonsils were in-
flamed, moderately enlarged, juicy, pus-neg-
ative. The other findings were unremarkable.

A penicillin-based AB Augmentin® (amoxi-
cillin + clavulanate potassium) 1000 mg 2 x 1
tablet was prescribed for the following seven
days. Lemod® solu i.m. for five days, in reduc-
tion (80, 60, 40, 20, 20 mg). Tantum verde® sol.
0.15% 150 ml to gurgle several times a day.
Brufen® 400 mg tablet as needed.

The pharmacist in the local pharmacy knew
the patient, and was aware of the fact that the
patient was allergic to penicillin, so the patient
did not take the prescribed penicillin-based
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In hospital and outpatient medi-
cal examination of the patient, a
subjective patient statement (anam-
nesis) is the main guideline in de-
tecting a known allergy to penicillin
[6]. A positive statement should, as
with our patient, be supported by
a medical warning written in the
health booklet, medical records,
and the physician’s report stating
cave penicillini. According to the
Australasian Society of Clinical
Immunology and Allergy (ASCIA),
record details of allergy incident

Figure 1. The medical examination report with medical warning CAVE PENICILLINI!

including drug name, description
of the reaction, severity, date, and
the name of the person making the

ampicillin,

CONTRAINDICATED

rcillin. amoxicillin/clavulanic acid (e.g.

benzathine penicillin, benzylpenicillin (e.g. Penicillin G).
thylpenicillin (e.g. Penicillin V), dicloxacillin,

report [7]. ASCIA recommendation
protocols describe different adverse
reactions to the administration of
penicillins, and categorizes ABs
into red (contraindicated), orange
(avoid in serious penicillin aller-
gies), and green (safe) categories — a
very useful reference tool. In pa-

tients with a history of clinical signs

of life-threatening penicillin allergy

(anaphylaxis, angioedema, laryngeal

Carbapenem antibiotics: doripenem. ertapenem,
\im'pencm, meropenem

edema, wheezing/bronchospasm,
diffuse erythema, urticaria), peni-

clarithromycin
CONSIDERED
SAFE

Glycyleycline: Tigecycline

Oxazolidinone: linezolid

Macrolides: azithromycin. erythromycin. roxithromycin,

Beta lactam antibiotics: aztreonam

Quinolones: ciprofloxacin, norfloxacin. moxifloxacin
Lincosamides: clindamycin. lincomycin
Tetracycline: doxycycline, minocycline.

Aminoglycoside: gentamicin, amikacin. tobramycin

cillins, cephalosporins, and other
beta-lactam ABs should be avoided
(Figure 2). In a non-severe penicillin
allergy (fever, vomiting, erythema,
seizures, etc.) cephalosporins and
carbapenems can be used with cau-
tion. Some reactions (e.g. diarrhea,

Figure 2. Penicillin allergy [7]

remedy. In this way, occurrence of potentially serious and
even fatal allergic reactions to penicillin was avoided.

Consent was obtained from the patient for publication
of this report and any accompanying images.

DISCUSSION

AB treatment of the acute bacterial tonsillopharyngitis is
recommended, as in the presented case, in patients with
severe general condition and three or four Centor criteria
(fever, tender cervical lymph nodes, coatings of the tonsils,
and lack of cough) [3]. The drug of choice is penicillin.
The phrase cave penicillini is commonly seen in medical
notes and records. Up to 10% of the general population
report a history of penicillin allergy, more frequently in
females than in males [4 ,5]. Additionally, once an allergy
is recorded in the medical chart, it will most likely remain
there for the rest of the patient’s life.

‘ DOI: https://doi.org/10.2298/SARH191222024A

nausea) are not considered allergies
and do not warrant prohibiting peni-
cillin use [7].

Independently of the medical history, the current stan-
dards of good pharmaceutical practice also provide for
taking a short “pharmaceutical anamnesis” from the pa-
tient [8]. By doing that, the pharmacist gets familiar with
the patient’s health and remembers those patients who
are often ill and with verified allergies to drugs (in this
case to penicillin). Pharmaceutical healthcare involves the
co-operation of pharmacists with the patient and other
healthcare professionals when issuing drugs, with the aim
of achieving appropriate results and improving patients’
quality of life [9, 10]. As with most other drugs, serious
practical medical problems can arise in the practical ap-
plication of AB, which in certain cases may raise a question
about potential criminal responsibility of doctors due to
mistakes and low conscientiousness at work [11].

Negligent work of a doctor does not necessarily
cause a deterioration in a patient’s condition. According
to Article 251 of the Criminal Code of the Republic of
Serbia (CCRS), a necessary condition for the existence of

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):493-496
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a criminal offence is that a detrimental effect occurs in the
form of deterioration of the health status of a person due
to negligent provision of medical aid, including the use of
an obviously inappropriate therapeutic agent [12].

Did the doctor commit a criminal offence of a negligent
provision of medical aid by prescribing Augmentin® in this
case? The pharmacist working in the local pharmacy knew
the patient who came to take the prescribed medicine, and
was aware of the fact that the patient was allergic to penicil-
lin. Therefore, the pharmacist warned her and did not issue
her the prescribed medicine, so that this grave professional
mistake of the doctor did not lead to harmful consequences
in the form of deterioration of the patient’s health.

According to Article 251 of the CCRS, there is no con-
viction without harmful effect of the physician’s negligent
treatment, which practically means that if a doctor ob-
viously behaves negligently and makes a serious profes-
sional mistake, but that does not lead to deterioration of
the patient’s health, there is no criminal offence [12]. In
the presented case the ENT specialist, who made a seri-
ous professional error proscribing penicillin to the allergic
patient, avoided legal action and a sentence owing to the
appropriate procedure of the pharmacist.

What were the possible scenarios under the Criminal
Code in the reported case? If penicillin is administered to
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a patient said to be allergic without producing subsequent
allergic reaction, there will be no grounds for criminal
responsibility of the treating doctor. If urticaria occurs,
as a slight form of health deterioration, the sentence is up
to three years in prison (YP); life threatening edema of
the larynx — up to eight YP; and for anaphylactic shock
with lethal outcome — up to 12 YP (severe and fatal forms
of health deterioration are included in Article 259 of the
CCRS, titled Grave Offences against Health). Furthermore,
in cases with final court judgment for grave offences
against health (Article 259 of the CCRS), the Medical
Chamber of Serbia immediately permanently revokes the
medical license of the sentenced physician [11].

The presented case is very interesting as an illustration
of a serious medical error that has all the features of a po-
tential criminal offence except for the final one - a harmful
consequence in the form of deterioration in the patient’s
health status - which in this case, by pure chance, did not
arise thanks to the pharmacist. Nevertheless, the doctor’s
practice was a serious professional failure. Therefore, when
prescribing AB, it is necessary for the physician to be ex-
tremely careful not to prescribe a medicine for which there
is a cave warning in medical documentation.
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AMOKCULMNUH-KNaBYNAHAT NponucaH 601eCHUKY ca NO3HAaTOM aneprujom Ha

NeHNUUNNH

CnahaHa Avhenuh’, Cno6opax CaBuh?, [ywko Ko3uh?

'Tpaacky 3aBog 3a XUTHY MeAMLMHCKY nomoh, beorpag, Cpbuja;
2Ynusepautet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja;

*Ynusep3utet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja

CAXETAK

YBop lNponucrBatbe NEHNLMINHA 3aXTeBa JOAATHY ONPEe3HOCT
KaKo ce He 61 13[a0 peLenT Uiy Hanor 3a UHjekuujy ocobu
anepryyHoj Ha oBaj aHTMOMOTUK. MprKasyjemo cnyyaj 6one-
CHVIKa afleprmyHor Ha MEHULUINH KOME je JIeKap rpeLlKkom
nponncao 0Baj nek.

Mpuka3s 6onecHnka OcamHaecTorofyLtba 6onecHLa 0bpaTu-
1a ce OTOPMHOMAPUHIONOTY 360r ryLo60/be, OTEXaHOT AVicakba
1 NaKe 3anyLWeHOCTI NeBOTr yBa TOKOM NPETXOAHa ABa AaHa.
Tonepucana je nepopasnHu yHOC camo TeuHe xpaHe. HaBoau
yecTe aTake TOH3WIohapPUHIUTICA U aneprijy Ha NEHNLUANH.
Ou3nKanHUM npernefom yCTaHOBIbEH je TOH3UNodapuHr-
Tnc. Jlekap nponucyje nepopanHy Tepanujy, nusmehy octanor
1 NEHNLMANHCKM npenapaTt AyrMeHTNH® (aMOKCULMITNH +

DOI: https://doi.org/10.2298/SARH191222024A

KnaBynaHcka kucenvHa) 1000 mg 2 x 1 Tabneta Tokom cefiam
AaHa. apmaLeyT y NOKanHoj anoTeLm je Mo3HaBao LEBOjKY U
3Hao je Aia je anepryyHa Ha NeHULWNVH, Tako Aa Huje H1 gobuna
NponucaHn NeHNLWANHCKM Npenapart. Ha Taj HaunH n3y3eTHo
0361IbHa NpodecroHanHa MeanLUMHCKa rpeLlka npema Kprisiny-
HOM 3aKoHMKy Cpbuje Huje [O6UNa CYLITUHCKE KapaKTepUCTUKe
KPUBUYHOT fena.

3aksbyyak [1py nponucrBaby aHTUOMOTUKA HEOMXOAHA je U3y-
3eTHa MaXkkba JIekapa Aa He NpenuLue feK 3a Koju Y MeanLuyH-
CKOj AOKYMEHTaLMj1 NOCTOj1 YyNO30petbe cave, jep Ta rpeLuka
MOe NOCTaTN OCHOBA 3@ KPUBMYHO rokerbe Niekapa, Kao n
NPodeCcMoHaNHO CaHKLNOHMCaHbe.

KrbyuHe peuun: neHLWAVH; NPoNUcMBatbe; anepruja; yno3o-
peme
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Sepsis and septic shock — recognize early, act fast,
treat right
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SUMMARY

Sepsis is a medical emergency and therefore requires early identification and immediate manage-
ment, which is not a matter of hours, but minutes. Since the first definition in 1991, sepsis remains a
major challenge for clinicians and scientists. Despite significant advances in technology and therapy,
mortality and cost of treatment are unacceptably high. Septic shock is the leading cause of mortality
in critically ill patients. Cognitive impairment and functional disability were observed after survivors’
long-term follow-up.

Since its foundation in 2002, Surviving Sepsis Campaign aims to implement global strategies and to
raise awareness of the challenges associated with sepsis. The implementation of guidelines and sepsis
care bundles resulted in significant decrease in mortality. Hospital mortality is lower in hospitals with
high versus low bundle compliance. Still, epidemiological data for sepsis are missing for low- and middle-

income countries.

Keywords: sepsis; septic shock; Surviving Sepsis Campaign; sepsis bundle

INTRODUCTION

Sepsis and septic shock are life-threatening
clinical syndromes due to dysregulated host
responses to infection that cause organ hypo-
perfusion and dysfunction. Sepsis is a medical
emergency, similar to polytrauma, acute myo-
cardial infarction, and stroke, indicating that
only early identification and appropriate im-
mediate management lead to better outcomes.
Septic shock is the main cause of mortality in
critically ill patients [1, 2]. Mortality due to sep-
sis in the intensive care unit (ICU) is estimated
at 30% [1, 2]. A recent study is the first to pro-
duce global estimates of sepsis incidence and
mortality across 195 countries, including data
from low-income and middle- income coun-
tries in the period 1990-2017. Estimated 48.9
million cases of sepsis resulted in 11 million
deaths in 2017 [3]. These fascinating estimates
are more than double previous global figures,
which is probably due to the inclusion of more
data from low-income and middle- income
countries. Furthermore, cognitive impairment
and functional disability were observed after
long-term follow-up of survivors [4].

Since its foundation in 2002, Surviving Sep-
sis Campaign (SSC) aims to implement global
strategies and sepsis bundle and to raise aware-
ness of the challenges associated with sepsis. The
results of the 12-year-long study of the SSC per-
formance demonstrated a significant decrease
in mortality rates of sepsis, and lower mortality
in hospitals with higher bundle compliance [5].

DEFINITION AND CLINICAL CRITERIA

The diagnosis of sepsis still remains a major
problem. The definition of sepsis has been
changed over the time in order to include the
most important criteria for early recognition
of sepsis. The first definition, Sepsis-1, made
in 1991, was based on the presence of systemic
inflammatory response syndrome (SIRS) due
to infection. Diagnostic performance of this
definition was suboptimal since SIRS criteria
failed to distinguish between uncomplicated
infection and severe life-threatening infec-
tion leading to multiple organ dysfunctions.
In 2001, Sepsis-2 definition showed high sen-
sitivity, but low specificity [6]. On the Third
International Consensus Conference in 2016,
the new Sepsis-3 definition defined sepsis as
life-threatening organ dysfunction due to a dys-
regulated host response to infection [7]. Septic
shock is a subset of sepsis with underlying cir-
culatory and cellular/metabolic abnormalities
that substantially increase mortality [7].
Organ dysfunction in sepsis is identified
as an acute change of > 2 points in the total
Sequential (Sepsis-related) Organ Failure As-
sessment (SOFA) criteria (Table 1) [2]. Sepsis-3
definition propose quick SOFA score (qSOFA)
as easy bedside tool to screen patients with in-
fection for those at risk of organ dysfunction
and death. A “positive” gSOFA Score (> 2) sug-
gests high-risk patients who should be thor-
oughly assessed for evidence of organ dysfunc-
tion and to increase frequency of monitoring.
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Table 1. Sepsis-related Organ Failure Assessment score

Bumbasirevic¢ V. et al.

Score
System
0 1 2 3 4
Respiratory Pa0,/Fi0, mmHg (kPa) > 400 (53.3) | <400 (53.3) <300 (40) <200(26.7)with | <100 (13.3) with
, respiratory support | respiratory support
Coagulation Platelet, 10%/pl >150 <150 <100 <50 <20
Liver Bilirubin, mg/dl (umol/I) <1.2(20) (12(2):;29) 2-5.9(33-101) 6-11.9 (102-204) > 12 (204)
) Dopamine 5.1-15 Dopamine > 15 or
Dopamine < 5 or or epinephrine epinephrine > 0.1
Cardiovascular | MAP (mmHg) >70 <70 dobutamine (any <0.1or pineph o
A . or norepinephrine
dose) ® norepinephrine
>0.1°
<0.1°
Central Nervous | . 00w Coma Scale (GCS) 15 13-14 10-12 6-9 <6
System
Creatinine, mg/dL (umol/I) <1.2(110) 12-1.9 2-3.4(171-299) 3.5-4.9 (300-400) > 5 (440)
Renal (110-170)
Urine output, mL per day <500 <200

FiO, - fraction of inspire oxygen; PaO, - partial pressure of oxygen; MAP - main arterial pressure;

2catecholamine doses are given as pg/kg/min. for at least one hour

Comparing qSOFA and SIRS, qSOFA is superior to the
SIRS criteria regarding content validity and feasibility,
especially outside the ICU because no laboratory tests re-
quired (Table 2) [8].

Table 2. Systemic Inflammatory Response Syndrome (SIRS) and quick
Sepsis-related Organ Failure Assessment (QSOFA) score

Parameters SIRS qSOFA
Body temperature (C°) <36o0r>38
Hearth rate (beats/min) >90
White blood cell count > 102 or<4or>
(10%/uL) 10% immature
bands
Respiratory rate
(breaths/min) >20 222
Systolic blood pressure ) <100
(mmHg)
Glasgow Coma Scale - <13 orabnormal
mental status

Two or more parameters for positive SIRS and qSOFA score

Zhang et al. [8] tested the predictive validity of SIRS
criteria in patients in the Sepsis-3 cohort and concluded
that the increase in the SOFA score of 2 or more has greater
prognostic significance for in-hospital mortality than SIRS
or qSOFA score [7, 8].

INITIAL RESUSCITATION

Numerous studies and protocols showed that the successful
management in septic shock is not the matter of hours, but
minutes. In addition, SSC implemented a new “sepsis bun-
dle” in 2018 which combined the previous three hour and
six hour bundles into the single one “one hour bundle” [9]:
1. Measure lactate level; re-measure if the initial lactate
is > 2 mmol/L;
2. Obtain blood cultures prior to antibiotics adminis-
tration;
3. Administer broad-spectrum antibiotics;

‘ DOI: https://doi.org/10.2298/SARH2001280408B

4. Begin rapid administration of 30 ml/kg crystalloid
for hypotension or lactate > 4 mmol/L;

5. Apply vasopressors if the patient is hypotensive dur-
ing or after fluid resuscitation to maintain MAP
> 65 mmHg.

Until 2016 SSC guidelines, early goal-directed therapy
(EGDT), has been a key strategy for the resuscitation of
patients with septic shock. According to EGDT protocol,
initial resuscitation in the first six hours with intravenous
fluids, vasopressors, inotropes, and blood transfusions are
adjusted to reach pre-defined “goals” of central venous
pressure, central venous oxygen saturation, mean arterial
pressure (MAP) and urine output. Although this protocol
was based on a single-center study, published by Rivers et
al. [10] in 2001, this algorithm has changed the standards
of sepsis treatment in the world.

After almost 15 years, the three large multicenter ran-
domized controlled studies, the Protocolized Care for Early
Septic Shock trial, the Australasian Resuscitation in Sep-
sis Evaluation trial, and the Protocolised Management In
Sepsis trial, were conducted in order to test the accuracy
of the Rivers protocol [11, 12, 13]. Studies compared the
clinical outcomes of patients presenting with early septic
shock in the emergency department with strict EGDT to
patients with protocol-based standard therapy. All patients
received early antibiotic therapy and appropriate hemody-
namic management. Studies showed that EGDT is safe, and
no harm was associated with interventional strategies. Yet,
this protocol could not be recommended from its evidence
base, since the cohort in the study by Rivers et al. [10] was
unrepresentative (older and more severely ill patients, with
higher initial serum lactate level on admission and higher
mortality: 42% vs.10-20%) compared to control group
patients from the three recent studies.

According to current guidelines, initial resuscitation dur-
ing the hyperdynamic phase of septic shock begins with rap-
id administration of 30 ml/kg crystalloid solution in order to
increase oxygen delivery during circulatory failure. Reevalu-
ation of the response to treatment should start with clinical
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examination and physiological variables, such as heart rate,
blood pressure, arterial oxygen saturation, respiratory rate,
temperature, urine output, among others. Guidelines suggest
that dynamic variables (passive leg raising, stroke volume
measurements, pulse pressure variation) should be used
rather than static, in order to predict fluid responsiveness
[2, 9]. Growing literature suggested that bedside lung ultra-
sound can be useful in fluid resuscitation [14, 15].

The SSC recommends targeting MAP of at least
65 mmHg to maintain critical organs perfusion in patients
with septic shock requiring vasopressors. However, studies
showed that in certain subgroups of patients (older than
75 years and patients with chronic kidney disease) higher
MAP (75-80 mmHg) is associated with lower hospital
mortality rate and reduced need for renal replacement
therapy [16, 17]. On the other hand, aiming to achieve a
higher MAP may be harmful due to the significantly high-
er risk of arrhythmias and excessive vasopressor use [16].

Randomized controlled trials (RCTs) demonstrated that
lactate-guided resuscitation therapy showed significant re-
duction in mortality in ICU patients [18, 19]. However, se-
rum lactate level is not a direct measure of tissue perfusion
and may be increased not only in anaerobic glycolysis due
to hypoperfusion, but also in other conditions that accom-
pany critically ill patients. For example, accelerated aero-
bic glycolysis where pyruvate production overcomes the
capacity of pyruvate dehydrogenases occurs as a response
to cytokine release, excess beta-adrenergic stimulation, or
the accumulation of leukocytes at the site of inflammation.

After the resuscitation phase, during the optimization
phase, the goal is to maintain adequate tissue perfusion.
In addition, cautious titration of fluids with reassessment
of hemodynamic status aimed to avoid fluid overload is
mandatory. A recent multicenter study showed that 40% of
septic shock patients experienced fluid overload defined as
a body weight 10% higher than the baseline [20].

ANTIMICROBIAL THERAPY

One of the main determinants for sepsis and septic shock
outcome is early systemic administration of appropriate
antibiotic therapy. International guidelines recommended
empiric antimicrobial therapy in the first hour of recogniz-
ing sepsis [2]. Cultures must be obtained before antibiotic
administration with at least two sets of samples (aerobic
and anaerobic).

In 2006, a retrospective study by Kumar et al. [21]
showed correlation between increased survival in adults
with septic shock and effective antimicrobial administra-
tion within the first hour of documented hypotension.
According to this study, only 50% of septic shock patients
received appropriate antimicrobial therapy within six hours
of documented hypotension. Additionally, each hour delay
in the administration of antibiotic is associated with an
increase in mortality. Systematic review with meta-analysis
of 70 prospective cohort studies assessing the effects of
appropriate empirical antibiotic treatment on mortality
showed overall, 46.5% of patients were given inappropri-
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ate empirical antibiotic treatment [22]. Mortality was sig-
nificantly higher with inappropriate empirical treatment.

The initial empirical regimen should be broad enough
to cover all assumed pathogens [2]. Selection of antibiotics
is very complex depending on the patient’s medical history,
clinical status, and local epidemiological map. Key patient
factors include the nature of the site infection, concomi-
tant underlying diseases, chronic organ failures, indwell-
ing devices, the presence of immunosuppression, recent
known infection, or colonization with a specific pathogen
and recent administration of antimicrobials. Patients with
neutropenia represent a subgroup of patients at risk for in-
fections with atypical or resistant gram-negative bacilli and
Candida species. In addition, patients with nosocomial in-
fections and prolonged use of antibiotic can develop sepsis
with methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant Enterococci. Clinicians should
also consider risk factors for multi drug resistant pathogen
(Pseudomonas, Acinetobacter, Klebsiella) when deciding
about the empirical antibiotic treatment.

Broad-spectrum carbapenem or extended-range
penicillin/p- lactamase inhibitor combination (meropen-
em, imipenem/ cilastatin or doripenem) or extended-range
penicillin/p- lactamase inhibitor combination (piperacil-
lin/tazobactam or ticarcillin/clavulanate) or third- or
fourth-generation cephalosporin is commonly used [2].
Vancomycin, teicoplanin, or another anti-MRSA agent can
be added when risk factors for MRSA is present [23]. The
anti-fungal agent should be considered in immunocom-
promised status (neutropenia, chemotherapy, transplant,
diabetes mellitus), prolonged invasive vascular devices,
total parenteral nutrition, necrotizing pancreatitis, and
prolonged administration of broad-spectrum antibiotics.

Current guidelines suggest empiric combination therapy
(using at least two antibiotics of different antimicrobial
classes) for the initial management of septic shock [2, 23].
However, it is not recommended to be routinely used for
most other serious infections, including bacteremia and
sepsis without shock [2].

Dose-optimization should be based on antibiotic
pharmacokinetic/pharmacodynamic (PK/PD) principles
and specific drug properties in critically ill patients with
sepsis and septic shock. Variety of conditions in critically
ill (unstable hemodynamic, increased cardiac output, in-
creased extracellular volume, variable kidney, and hepatic
perfusion, reduced serum albumin), alter antimicrobial
PK, affecting volume of distribution, drug clearance, drug
binding. In addition, assessment of optimal antimicrobial
dosing is individual and very demanding. Antimicrobial
stewardship programs are recommended in order to help
clinicians with antibiotic management and reduction of
antimicrobial resistance.

Time-dependent antibiotics require drug concentrations
greater than the minimum inhibitory concentration for a
certain period between doses, which usually ranges 40—
50% (for piperacillin/tazobactam 100%) of the inter-dose
interval for their best action [24]. Experiments showed that
the PK/PD target could be achieved only with extended
or continuous infusion. Several clinical trials published
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in recent years have assessed the benefit on continuous
infusions overextended infusions for beta-lactam antibiot-
ics. Although the data are not entirely consistent, recent
meta-analysis of RCTs demonstrated protective effect of
continuous therapy [25].

For vancomycin, it is suggested loading dose of
25-30 mg/kg (actual body weight) to rapidly achieve target
plasma concentration [23]. Pre-dose monitoring of trough
concentration of vancomycin is recommended. For ami-
noglycosides, concentration-dependent antibiotics, peak
drug plasma concentrations should be attained with once
daily dosing (i.e. 5-7 mg/kg daily gentamicin). Comparable
studies showed decrease renal toxicity with this regimen
compared to multiple daily dosing [26].

Empiric antimicrobial therapy should be narrowed
when the pathogen is detected, and sensitivities are de-
termined. Criteria for early de-escalation of antimicrobial
therapy can be based on clinical progress, infection resolu-
tion as indicated by biomarkers, especially procalcitonin,
and a relatively fixed duration of combination therapy. Al-
though high-quality data on clinically driven de-escalation
are limited, unnecessarily prolonged antimicrobial therapy
is certainly associated with adverse effects (i.e. Clostridium
difficile colitis). Studies have shown that daily assessment
for de-escalation of antimicrobial therapy may be associ-
ated with improved mortality rates [27].

Current guidelines recommended 7-10 days antimicro-
bial treatment for most serious infections; however, lon-
ger treatment is necessary for patient with slow clinical
response, undrainable focus of infection, bacteremia with
S. aureus, some fungal and viral infection, or immunologic
deficiencies [2]. Serum procalcitonin levels (together with
clinical response) should be used for de-escalation of an-
tibiotic therapy [28].

SOURCE CONTROL

Rapid source control should be performed as soon as pos-
sible following initial resuscitation [29]. Intra-abdominal
infection along with necrotizing soft tissue infection and
implanted device infection, are the sites where a rapid
source control seems more feasible (drainage of infected
collection, debridement of infected solid tissue, removal
of devices, catheters or foreign bodies). Surgery gives an
opportunity to take the first local microbiological samples.

VASOACTIVE MEDICATIONS

Norepinephrine is recommended as the first line vasopres-
sor in septic shock [2]. The dosage may range 5-20 pg/min,
and it is not based on the weight of the patient [30]. Data
from the recent literature are in favor of early initiation of
vasopressors during septic shock in order to prevent deep
and durable hypotension. Moreover, early administration
of norepinephrine in septic shock was significantly associ-
ated with lower rate of cardiogenic pulmonary edema and
new-onset arrhythmia [30].

‘ DOI: https://doi.org/10.2298/SARH2001280408B
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Recent systematic review and meta-analysis do not sup-
port routine use of dopamine since norepinephrine is more
potent, reduces risk of tachycardia and arrhythmia, and
therefore results in lower mortality compared to dopamine
[31]. SSC guidelines suggest adding low dose vasopressin
(up to 0.03 U/min) or epinephrine to norepinephrine in
order to achieve target MAP and to decrease norepineph-
rine dosage [2].

Septic shock is a distributive shock, but it is important
to think of combined cardiac dysfunction even in the early
stages of disease. Inotropic agents should be considered if
inadequate cardiac output is present.

CORTICOSTEROIDS AND METABOLIC
RESUSCITATION PROTOCOL

The use of corticosteroids was controversial over the years.
The large multicenter Adjunctive corticosteroid treatment
in critically ill Patients With Septic Shock study showed
shorter durations of shock and ICU stay in the glucocor-
ticoid group compared with the placebo group [32]. Meta-
analysis of 42 RCTs showed that corticosteroids result in
small reduction in mortality in critically ill patients but
increase the risk of neuromuscular weakness [33].

The retrospective study by Marik et al. [34] demon-
strated that the administration of intravenous vitamin C,
hydrocortisone, and thiamine is successful in preventing
progressive organ dysfunction, especially acute kidney in-
jury and even decreased mortality in patients with septic
shock [34, 35]. However, further trials are needed to deter-
mine whether this metabolic resuscitation protocol can be
recommended as a treatment for septic shock.

ACUTE RESPIRATORY DISTRESS SYNDROME /
MECHANICAL VENTILATION

Acute respiratory distress syndrome (ARDS) is one of the
most frequent organ disfunction due to sepsis [36]. The
mortality in this patient group is assessed to be as high as
40% [37]. ARDS is defined as a loss of aerated lung tissue
as a result of edema and atelectasis, with reduced respira-
tory system compliance and impaired gas exchange. Me-
chanical ventilation and concept of protective lung strategy
with reduction of tidal volume (VT) is imperative in the
management of ARDS [38, 39]. Low VTs (4-6 ml/kg of
predicted body weight) aim to maintain end-inspiratory
plateau pressure, PPLAT < 30 cmH2O in order to prevent
alveolar overdistension. Several meta-analyses supported
Lachmann’s “open lung concept” with higher levels of posi-
tive end-expiratory pressure to avoid collapse and reopening
of alveolar units, combined with protective VTs [39]. Fur-
thermore, the use of inspiratory pressure to open up atel-
ectatic lung regions and end-expiratory pressure (so-called
recruitment maneuvers), showed beneficial effect on the
outcome, without increasing the risk of barotrauma [38, 39].

According to actual guidelines, prone position and ex-
tracorporeal membrane oxygenation are reserved only for
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selected cases of severe ARDS (P/F ratio < 20 kPa) [36, 38].
By contrast, high frequency oscillation and inhaled nitric
oxide are not recommended. Future investigations are sug-
gested for corticosteroids and extracorporeal CO, removal
[39]. Reported pilot study from Strategy of Ultra-Protective
lung ventilation with Extracorporeal CO, Removal for New-
Onset moderate to severe ARDS showed promising results
with the strategy of ultra-protective lung ventilation (VT of
4 ml/kg predicted body weight and PPLAT<25 cmH20) and
extracorporeal CO2 removal to prevent severe respiratory
acidosis [40]. According to LUNG safe study, non-invasive
ventilation is associated with higher mortality in ARDS with
P/F ration lower than 150 mmHg [41]. A fluid-conservative
strategy to minimize fluid infusion and weight gain in pa-
tients with ARDS is associated with better outcome [36].

NUTRITION

Based on expert consensus, early enteral nutrition within
24-48 hours is standard for critically ill patients [2]. Early
enteral nutrition should be initiated as soon as possible,
right after initial resuscitation, taking care of gastrointes-
tinal intolerance. According to the latest European Society
for Clinical Nutrition and Metabolism guidelines, trophic
feeding (defined as 10-20 kcal/h or up to 500 kcal/d) is
recommended for the initial phase of sepsis advancing as
tolerated after 24-48 hours to > 80% of target energy goal
over the first week [42]. The delivery of 1.2-2 g protein/
kg/d is suggested. Parenteral nutrition is more invasive,
associated with greater risks and rates of complications.

REFERENCES

1. SakrY, Jaschinski U, Wittebole X, Szakmany T, Lipman J,
Namendys-Silva SA, et al. Sepsis in intensive care unit patients:
Worldwide data from the intensive care over nations audit. Open
Forum Infect Dis. 2018;5(12):1-9.

2. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer
R, et al. Surviving Sepsis Campaign: International Guidelines for
Management of Sepsis and Septic Shock: 2016. Intensive Care
Med. 2017;43(3):304-77.

3. Rudd KE, Johnson SC, Agesa KM, Shackelford KA, Tsoi D, Kievlan
DR, et al. Global, regional, and national sepsis incidence and
mortality, 1990-2017: analysis for the Global Burden of Disease
Study. Lancet. 2020;395(10219):200-11.

4. lwashynaT, Ely W, Smith DM, Langa KM. Long-term Cognitive
Impairment and Functional Disability Among Survivors of Severe
Sepsis. JAMA. 2012;304(16):1-3.

5. Kaukonen KM, Bailey M, Suzuki S, Pilcher D, Bellomo R. Mortality
related to severe sepsis and septic shock among critically ill
patients in Australia and New Zealand, 2000-2012. JAMA.
2014;311(13):1308-16.

6.  GilF, Arslantas MK, Cinel i, Kumar A. Changing definitions
of sepsis. Turk Anesteziyoloji ve Reanimasyon Dern Derg.
2017;45(3):129-38.

7. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane
D, Bauer M, et al. The Third International Consensus Definitons for
Sepsis and Septic Shock (Sepsis-3). JAMA. 2016;315(8):801-10.

8.  Zhang W, Zheng Y, Feng X, Chen M, Kang Y. Systemic inflammatory
response syndrome in Sepsis-3: A retrospective study. BMC Infect
Dis. 2019;19(1):1-10.

9.  Levy MM, Evans LE, Rhodes A. The surviving sepsis campaign
bundle: 2018 update. Crit Care Med. 2018;46(6):997-1000.

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):497-502

Due to the bacterial translocation mechanism, parenteral
nutrition is associated with more infection than enteral
nutrition [42]. Parenteral nutrition is reserved only for
patients where enteral route is not possible or as addition
to enteral nutrition to achieve full caloric support.

OTHER SUPPORTIVE THERAPIES

The current guidelines for transfusion and blood products
management, stress ulcer prophylaxis, venous thrombo-
embolism prophylaxis, renal replacement therapy, and im-
munoglobulins did not change significantly between the
two revisions of SSC bundle [2, 43]

CONCLUSION

Sepsis is a clinical syndrome associated with high incidence,
high mortality, and high cost of treatment. In order to re-
duce mortality and improve patients’ outcomes, early rec-
ognition of sepsis and appropriate immediate management
during the initial hour is of outmost importance for clini-
cians. The main goal of SSC is dissemination of evidence-
based guidelines worldwide. However, new large multicenter
trials are needed to develop further protocols. Development
of new therapeutic agents and novel extracorporeal devices
for multiple organ support are likely to be essential to further
improve the outcome of patients with sepsis.

Conflict of interest: None declared.

10. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et
al. Early Goal- Directed Therapy in the treatment of severe sepsis
and septic shock. N Engl J Med. 2001;345(19):1368-77.

11.  Yealy DM, Kellum JA, Huang DT, Barnato AE, Weissfeld LA, Pike F,
et al. A randomized trial of protocol-based care for early septic
shock. N Engl J Med. 2014;370(18):1683-93.

12.  Peake SL, Delaney A, Bailey M, Bellomo R, Cameron PA, Cooper
DJ, et al. Goal-directed resuscitation for patients with early septic
shock. N Engl J Med. 2014;371(16):1496-506.

13. Mouncey PR, Osborn TM, Power GS, Harrison DA, Sadique MZ,
Grieve RD, et al. Trial of early, goal-directed resuscitation for septic
shock. N Engl J Med. 2015;372(14):1301-11.

14.  Lichtenstein D. FALLS-protocol: lung ultrasound in hemodynamic
assessment of shock. Heart Lung Vessel. 2013;5(3):142-7.

15.  Milenkovi¢ M, Stanisavljevi¢ J, Hadzibegovic¢ A, Prosen G,
Masulovi¢ D, Stojadinovi¢ M. Lung ultrasound - part two (lung
ultrasound part 2). SJAIT. 2018;40(7-8):183-91.

16. Lamontagne F, Meade MO, Hébert PC, Asfar P, Lauzier F, Seely AJE,
et al. Higher versus lower blood pressure targets for vasopressor
therapy in shock: a multicentre pilot randomized controlled trial.
Intensive Care Med. 2016;42(4):542-50.

17.  Lee GT,Hwang SY, Jo lJ, Kim TR, Yoon H, Park JH, et al. Associations
between mean arterial pressure and 28-day mortality according
to the presence of hypertension or previous blood pressure level
in critically ill sepsis patients. J Thorac Dis. 2019;11(5):1980-8.

18.  Velickovic J, Palibrk I, Milici¢ B, Velickovi¢ D, Jovanovi¢ B, Raki¢ G,
et al. The association of early postoperative lactate levels with
morbidity after elective major abdominal surgery. Bosn J Basic
Med Sci. 2019;19(1):72-80.

19.  Velickovi¢, J, Thiery G, Veliclovi¢ D, Raki¢ G, Doklesi¢ K,

Jovanovi¢ B, et al. Serum lactate: Role in the assessment of

www.srpskiarhiv.rs

501



502

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

microhemodynamics in critically ill patients. Acta chir lugosl.
2016;63(2):41-7.

Chapalain X, Vermeersch V, Egreteau P-Y, Prat G, Alavi Z, Vicaut E,
et al. Association between fluid overload and SOFA score kinetics
in septic shock patients: a retrospective multicenter study. J
Intensive Care. 2019;7(1):1-10.

Kumar A, Roberts D, Wood KE, Light B, Parrillo JE, Sharma S,

et al. Duration of hypotension before initiation of effective
antimicrobial therapy is the critical determinant of survival in
human septic shock. Crit Care Med. 2006;34(6):1589-96.

Paul M, Shani V, Muchtar E, Kariv G, Robenshtok E, Leibovici L.
Systematic review and meta-analysis of the efficacy of appropriate
empiric antibiotic therapy for sepsis. Antimicrob Agents
Chemother. 2010;54(11):4851-63.

Guleria R, Mohan A, Kulkarni A, Mehta Y, Madan K, Khilnani G, et al.
Guidelines for Antibiotic Prescription in Intensive Care Unit. Indian
J Crit Care Med. 2019;23(S1):1-63.

McKinnon PS, Paladino JA, Schentag JJ. Evaluation of area

under the inhibitory curve (AUIC) and time above the minimum
inhibitory concentration (T>MIC) as predictors of outcome for
cefepime and ceftazidime in serious bacterial infections. Int J
Antimicrob Agents. 2008;31(4):345-51.

Roberts JA, Abdul-Aziz MH, Davis JS, Dulhunty JM, Cotta MO,
Myburgh J, et al. Continuous versus intermittent B-lactam infusion
in severe sepsis: A meta-analysis of individual patient data from
randomized trials. Am J Respir Crit Care Med. 2016;194(6):681-91.
Barza M, loannidis JP, Cappelleri JC, Lau J. Single or multiple

daily doses of aminoglycosides: A meta- analysis. BMJ.
1996;312(7027):338-44.

Bohan JG, Remington R, Jones M, Samore M, Madaras-Kelly

K. Outcomes associated with antimicrobial de-escalation

of treatment for pneumonia within the veterans healthcare
administration. Open Forum Infect Dis. 2017;4(1):1-4.

lvancevi¢ N, Radenkovi¢ D, Bumbasirevic¢ V, Karamarkovi¢ A,
JeremicV, Kalezi¢ N, et al. Procalcitonin in preoperative diagnosis
of abdominal sepsis. Langenbecks Arch Surg. 2008;393(3):397-
403.

Lagunes L, Encina B, Ramirez-Estrada S. Current understanding

in source control management in septic shock patients: a review.
Ann Trans| Med. 2016;4(17):330.

Permpikul C, Tongyoo S, Viarasilpa T, Trainarongsakul T, Chakorn

T, Udompanturak S. Early Use of Norepinephrine in Septic Shock
Resuscitation (CENSER). A Randomized Trial. Am J Respir Crit Care
Med. 2019;199(9):1097-105.

Chen C, Pang L, Wang Y, Wen T, Yu W, Yue X. Combination era,
using combined vasopressors showed benefits in treating septic
shock patients: a network meta-analysis of randomized controlled
trials. Ann Transl Med. 2019;7(20):535.

Bumbasirevic¢ V. et al.

32. The ADRENAL Trial Investigators and the Australian-New
Zealand Intensive Care Society Clinical Trials Group. Adjunctive
glucocorticoid therapy in patients with septic shock. N Engl J Med.
2018;378(9):797-808.

33.  Rochwerg B, Oczkowski SJ, Siemieniuk RAC, Agoritsas T,
Belley-Cote E, D'Aragon F, et al. Corticosteroids in Sepsis: An
Updated Systematic Review and Meta-Analysis. Crit Care Med.
2018;46(9):1411-20.

34. Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J.
Hydrocortisone, Vitamin C, and Thiamine for the Treatment of
Severe Sepsis and Septic Shock A Retrospective Before-After
Study. Chest. 2017;151(6):1229-38.

35.  Masood H, Burki AM, Sultan A, Sharif H, Ghauri A, Khan S, et al.
Effect of Intravenous Vitamin C, Thiamine, and Hydrocortisone
(The Metabolic Resuscitation Protocol) on Early Weaning from
Vasopressors in Patients with Septic Shock. A Descriptive Case
Series Study. Cureus. 2019;11(6):e5016.

36. Terziski Z, Misi¢ V, Milenkovi¢ M, Bumbasirevic V, Jovanovi¢ B, Jozic
I. Lung protective mechanical ventilation and rescue therapy for
severe hypoxemia. Acta chir lugosl. 2016;63(2):53-8.

37. NETWORKTARDS. Ventilation with lower tidal volumes as
compared with traditional tidal volumes for acute lung injury
and the acute respiratory distress syndrome. N Engl J Med.
2000;342(18):1301-8.

38. Chacko B, Peter JV, Tharyan P, John G, Jeyaseelan L. Pressure-
controlled versus volume-controlled ventilation for acute
respiratory failure due to acute lung injury (ALI) or acute
respiratory distress syndrome (ARDS). Cochrane Database Syst
Rev. 2015;1(1):CD008807.

39. Sahetya SK, Mancebo J, Brower RG. Fifty years of research in ARDS
VT selection in acute respiratory distress syndrome. Am J Respir
Crit Care Med. 2017;196(12):1519-25.

40.  Griffiths MJD, Mcauley DF, Perkins GD, Barrett N, Blackwood
B, Boyle A, et al. Guidelines on the management of acute
respiratory distress syndrome. BMJ Open Respiratory Research.
2019;6(1):e000420.

41. Bellani G, Laffey JG, Brochard L, Haren F Van. Noninvasive
Ventilation of Patients with Acute Respiratory Distress Syndrome
Insights from the LUNG SAFE Study. Am J Respir Crit Care Med.
2017;195(1):67-77.

42. Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP,
et al. ESPEN guideline on clinical nutrition in the intensive care
unit. Clin Nutr. 2019;38(1):48-79.

43, Bumbasirevi¢ V, Velickovic¢ J, Palibrk |, Jovanovi¢ B, Avramovi¢ J.
Updates in the diagnostics and treatment of sepsis and septic
shock (Diagnostics and treatment of sepsis and septic shock).
SJAIT. 2017;39(7-8):171-80.

Cenca ¥ CeNTUYHM WIOK — paHO Npeno3Haj, 6p30 genyj, neun ucnpasHo

BecHa bymbalumpeBuh'?, JoBaHa CtaHucaBmbeBuh?, JeneHa Bennukosuh'? Agu Xaunberosuh?, Mapuja MuneHkosuh'?,

Henap VBaHueBuh'>

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

2KnuHuukn ueHTap Cpbuje, YpreHTHU LieHTap, KnuHuka 3a ypreHTHy xupyprujy, beorpag, Cpouja;
*Knunnukn yeHTap Cpbuje, LieHTap 3a aHecTesnonorujy n peaHumartonorujy, beorpag, Cp6uja

CAMXETAK

Cenca je ypreHTHO CTabe na CTora 3axTeBa PaHo Mpeno3Ha-
Batb€ U LUTO XMUTHMje CnpoBohetbe Tepanujckux noctynaka seh
y NpBuM MUHYTUMa. Of npBe aeduHuLmje n3 1991. roarHe go
[aHac cenca je octana rnaBHY N3a30B 3a KIMHNYape 1 HayYH!-
Ke. YNpKoC HanpeTKy Y TeXHOSIOrnjy 1 Tepannju, CMPTHOCT 1
TPOLLKOBY Jleuetba Cy HenprxBaT/byBO BUCOKN. CeNTUYHM LOK
je rnaBHM Y3poK CcMpTK KpUTMUYHO obonenux 6onecHuka. Mo-
cJle iyropoyHor npahera ncxoma npexmBenyix 3amnaxeHu cy
KOTHUTUBHO owwTeherbe 1 GpyHKLMOHaNIHA OHeCNocob/beHOCT.

DOI: https://doi.org/10.2298/SARH2001280408B

Op cBor ocHMBama 2002. roguHe, Kamnarba 3a NpexrB/baBakbe
cerice vMa 3a b NPYIMeHy cTpaTeruja 1 nofusare cBeCT o
113a30BIMa NMOBE3aHNM Ca CeMNCOM LUMPOM cBeTa. iMnnemeHTa-
Lmja npenopyKa 1 Mepa 3a XUTHO 36puHaBar-e 6onecH1Ka Ao-
BeJla je A0 3HaYajHOr CMarera MopTanuTeTa. Minak, npobnem
NpeAcTaB/bajy 3eM/be CpefHEr U HACKOT eKOHOMCKOT pa3Boja
rae He MoCToje HM TauyHW eNVAEMUOIOWKI NoJaLu O CENncu.

KrbyuHe peun: cenca; CencTnyHu WOK; YPreHTHO CTakbe; npe-
nopyke
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SUMMARY

Due to the increasing incidence of terminal illnesses in children, there is great urgency within pediatric
medicine to give these patients the best palliative care possible. The main focus of palliative care is
to alleviate suffering resulting from the psychophysical condition of the child, which is mostly due to
physical pain. The first phase of managing pain in palliative care is quantifying and qualifying pain levels,
although this is sometimes difficult to do with pediatric patients. In addition to implementing strategies
that alleviate or remove pain for patients, it is also crucial to give patients and their families a feeling of

full control over pain.

In practice, non-pharmacological and pharmacological methods of analgesia are present. Pharmacologi-
cal methods include non-opioid and opioid analgesics, followed by co-analgesics as well as methods

of regional anesthesia.

In order to give these patients the best care possible, it is necessary that the approach be individual,
multimodal, multidisciplinary, and considerate of every detail.
Keywords: pain; palliative care; pediatric patients; analgesia

INTRODUCTION

Terminal illnesses that affect children are a
major issue within the medical community.
Pediatricians are most often faced with ma-
lignant diseases where the survival rate is in-
creasing, and where more than 80% of children
diagnosed with malignant tumors can survive
for more than five years due to advances in di-
agnostics, therapy, and supportive care [1]. By
improving palliative care methods, pediatri-
cians are able to increase the lifespans of these
terminally ill children. Palliative care is defined
by the World Health Organization as an “ap-
proach to improve the quality of life of patients
and families who face life-threatening illness,
by providing pain and symptom relief, spiritual
and psychosocial support from diagnosis to the
end of life and bereavement” [2]. Because pain
is the main cause of anxiety, emotional, and
behavioral problems with pediatric patients, the
main focus of palliative care is to prevent and
stop pain, so that patients and their families can
have a better quality of life [3, 4, 5].

The World Health Organization defines pain
as an unpleasant sensory or emotional expe-
rience associated with actual or potential tis-
sue damage [6]. According to this definition,
it is clear that pain does not have to be linked
to existing tissue damage and that emotional
and cognitive components are an important
component of the identification of pain. As
a result, although this may be more difficult
with younger children, patients should be

encouraged to complain about pain in order
minimize potential tissue damage [7, 8].

In order to create an effective treatment plan
to stop and prevent the development of pain,
pediatricians must account for the child’s age,
the psychophysical condition of the child, as
well as the characteristic of the pain. The first
step in treating pain is recognizing it, then
qualifying and quantifying it. The second step
is finding the best pharmacological and/or
non-pharmacological method to treat the pain,
and as such, pain therapy requires a multidisci-
plinary and multimodal approach [9-12].

TYPES OF PAIN IN CHILDREN

Using pain duration as a basis, pain can be
divided into two types: acute and chronic.
Acute pain begins suddenly, is associated with
a painful stimulus, and is short-lived. Chronic
pain can be the result of inadequately treated
acute pain or may be chronic from the outset.
Chronic pain significantly impairs the quality
of life.

Based on the pathophysiological mechanism
of pain, pain is divided into nociceptive and
neuropathic [13]. Nociceptive pain includes
somatic and visceral pain. Somatic nociceptive
pain is localized, constant, described as dull or
sharp, worsens with movement, and is caused
by tissue injury or inflammation. Visceral
pain is caused by injury or inflammation of
internal organs and can be constant if the pain
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originates from a solid organ, or intermittent in the form
of cramps, or colic as a result of obstructions in hollow
organs. Neuropathic pain is caused by injury, inflamma-
tion, or dysfunction of the central or peripheral nervous
system [14]. Patients may have mixed pain consisting of
somatic, visceral, and neuropathic pain all at the same time
or each separately at different times.

Breakthrough pain is a transient strengthening of a con-
stant or controlled pain. There are three types of break-
through pain: incidental, spontaneous, and pain at the end
of a dosing interval [15, 16].

Cancer pain can also be acute and chronic. Acute pain
is developed as a consequence of a tumor mass invading
surrounding anatomical structures, which leads to their
damage, compression, rupture, inflammation, or as a result
of diagnostic and therapeutic procedures. Chronic pain is
the consequence of the development of the tumor mass
itself, metastases in other parts of the body, as well as a
result of diagnostic and therapeutic procedures [17, 18].

Until recently, it was thought that neonates did not feel
pain or felt less pain compared to older children and adults,
but new research within the last decade has concluded that
they do feel pain. In fact, fetuses can begin to feel pain from
the 26th week of development [19].

ASSESSMENT OF THE PAIN

There are three basic methods for assessing pain: self-
reporting, physiological indicators, and by observing the
child’s behavior. Often, there is disagreement between ob-
jective estimates of the severity of the patient’s difficulty
and assessment, so the standard in assessing the existence
of pain is to ask the child whether he/she feels pain (self-
reporting) [20, 21]. In younger children, this can be dif-
ficult due to problems in understanding. Preschoolers may
verbalize the intensity of pain. School-age children may
verbalize pain and use an objective measurement of pain.
Adolescents should be able to locate and verbalize pain
levels.

The second method of assessing pain is to measure
physiological reactions to pain, which can be tracked
through indicators such as pulse, blood pressure, breath-
ing, redness, paleness, and increased sweating [22, 23].

The third method is observing the behavior of the pa-
tient, although this is not a specific pain indicator [24].
The behavior of the child must be interpreted in accor-
dance with its age. Infants who feel pain will cry, scream,
refuse food, sleep poorly, make grimaces, or exhibit hy-
persensitivity or irritability. Facial expression measures
appear most useful and specific in neonates. Toddlers may
be verbally aggressive, cry, exhibit regressive behavior or
withdraw, guard painful areas of body, or be unable to
sleep. Preschoolers may attempt to push a stimulus away
before it is applied, be uncooperative, see the pain as a
punishment, cling to a parent or nurse, or may request
emotional support. School-age children experience night-
mares related to pain, have muscular rigidity, exhibit body
stiffness, closed eyes, wrinkled forehead, as well as engage
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in the same behaviors listed for preschoolers and toddlers.
Adolescents may deny pain in the presence of peers, have
changes in sleep patterns and appetite, or display regressive
behaviors in the presence of their family.

PAIN SCALES

The most used scales for newborns are the Premature
Infant Pain Profile and the CRIES Postoperative Pain Scales
[25, 26]. Between the ages of two months and seven years
the FLACC (Face, Legs, Activity, Cry, Consolability) scale
is used for postoperative pain assessment [27]. Well estab-
lished self-report pain scales for preschoolers include the
Poker Chip Scale, Wong-Baker Faces Scale, and Faces Pain
Scale - Revised (FPS-R) [28]. School-age children and ado-
lescents can usually use verbal scales or visual analog pain
scales [29]. As for the assessment of pain for children with
cognitive impairment, the Non-communicating Child’s
Pain Checklist — Postoperative Version is recommended
[30, 31]. The greater the degree of cognitive impairment,
the greater is the likelihood that the child feels less pain.

METHODS OF ANALGESIA

Methods of analgesia include non-pharmacological and
pharmacological methods that include the use of non-
opioid and opioid analgesics with the use of co-analgesics
or adjuvants, as well as methods of regional anesthesia.
Developmental differences in response to pain and anal-
gesic efficacy should be taken into account when planning
analgesia [32].

NON-PHARMACOLOGICAL METHODS

There is evidence that supports the use of psychological
intervention for a variety of pain indications that include
physiological, behavioral, and cognitive techniques aimed
at reducing pain and pain-related distress through the
modulation of thoughts, behaviors, and sensory informa-
tion [32]. Non-pharmacological methods include various
ways of distracting the child’s attention through cognitive
methods, emotional support, presence of the parents dur-
ing painful procedures, massage therapy, acupuncture, as
well as physical techniques that promote muscle relaxation,
transcutaneous electrical nerve stimulation, or hypnosis
[33, 34]. The methods listed here are incredibly helpful
and are seldom harmful.

PHARMACOLOGICAL METHODS

In order to choose the appropriate medications and their
doses, it is necessary to confirm that the child’s organs
are anatomically developed, although their organ func-
tion will not be fully developed until later on, as it takes
three months for organs to reach maturity [35]. The most
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Table 1. Non-opioid analgesics for the relief of pain in neonates, infants, and children according to WHO recommendations [32]

Dose (oral route)
Medicine Neonates Infants from 30 days Infants 3-12 months or Maximum daily dose
0-29 days to 3 months children 1-12 years Y
Paracetamol 5-10 mg/kg 10 mg/kg 10-15 mg/kg Neonates, infants, and
every 6-8 hours? every 4-6 hours? every 4-6 hours*® children max. 4 doses/daily
Ibuprofen / / 5-10 mg/kg every 6-8 hours Child: 40 mg/kg

2Children who are malnourished or in a poor nutritional state are more likely to be susceptible to toxicity at standard dose regimens due to reduced natural

detoxifying glutathione enzyme;
bmaximum of 1 g at a time

important factors to consider for the metabolism of drugs
are immature liver enzymes and decreased renal function
(reduced glomerular filtration) [36]. Glomerular filtration
rate has a range of only % of adult values at birth, and
tubular secretion rates are only 20% of adult capacities.
There are also some significant differences in the structure
and function of the child’s body at birth when they have a
higher percentage of body water and less fat compared with
older children. Age-related differences in protein binding
with drugs also exist. The effects of drugs may vary with
age, and dosages must be changed to anticipate and avoid
side effects [37].

Before administering analgesics, guidelines must
be consulted and pediatricians must strive to achieve
maximum efficacy with the chosen method of analgesia.
According to the two-step scale of pain from the World
Health Organization, the first stage of pain is mild, and it
requires the administration of non-opioid analgesics like
paracetamol or ibuprofen, with or without co-analgesics.
The second stage of pain is moderate to severe, and opioid
analgesics should be used with or without co-analgesics
[38]. Drugs should be given according to a schedule, not
on demand, because in practice this means that the child
will not receive the medicine. The administration of the
drug should try to be non-invasive, preferably given orally.
Therapy must be individually adapted to each patient [38].
It is extremely important to monitor the child and its reac-
tion to the medication at all times, and if necessary, make
changes to the therapy.

Non-opioid analgesics are used in the first stage of pain,
according to the World Health Organization. Non-steroid
anti-inflammatory drugs like ibuprofen and paracetamol
are used. These medications work by blocking cyclooxy-
genase, where ibuprofen drugs work peripherally, while
paracetamol leads to the central blockage of enzymes [39].

Opioid analgesics are used in the second, more severe,
stage of pain. They can be administered orally, subcutane-
ously, intravenously, with a continuous infusion, or a PCA
(patient-controlled analgesia) pump [40]. The advantage
of the PCA is that it eliminates high peaks and low troughs
by allowing the patient to press the demand button when
they begin to feel pain [41]. Opioid analgesics bind to opi-
oid receptors in the central nervous system, but their use
requires monitoring because depression of the respiratory
center can occur. Cardiorespiratory monitoring and obser-
vation is recommended when opioids are administered to
infants less than 2-3 months of age.

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):503-508

NON-OPIOID ANALGESICS

Paracetamol and ibuprofen are used to alleviate mild pain.
For children up to three months of age, the only recom-
mended drug for mild pain is paracetamol, while ibuprofen
can be used with older infants. Routes for administration
are oral (tablets, syrups), rectal (suppositories), or intra-
venous. Paracetamol is a well-tolerated drug and produces
few side effects in the gastrointestinal tract, but there is
a risk of hepatotoxicity and acute overdose [42, 43]. In
addition, having an analgesic effect, ibuprofen also has
an anti-inflammatory and antithrombotic effect. Like the
entire NSAID group of drugs, there are significant adverse
effects for the mucosa of the gastrointestinal tract when
ibuprofen is used [44]. There is a plateau for the analgesic
effect of these drugs, but not for their side effects.

OPIOID ANALGESICS

In cases of moderate to severe pain, there is a variety of
opioid analgesics that can be used. Of opioid analgesics,
morphine is always the medication of choice, while others
are considered and used when the side effects of morphine
begin to appear [45]. Morphine is dosed gradually until
pain is alleviated and there is no maximal dose because
the pain acts as an antidote for respiratory depression, un-
like non-opioid analgesics (Tables 1-4). Dosages should
be adjusted to the patient following his/her pain level in-
dication. The range of effective doses is very wide among
children and can differ significantly for one child at dif-
ferent times. Opioid rotation is defined as the practice of
changing between different opioids in a set schedule to
prevent potential adverse effects and limit dose escalation
[46]. The oral route of administration is recommended
for the use of opioid analgesics, while the intramuscular
route of administration is very unpleasant for children and
should be avoided.

When administering opiates, the risks of tolerance, ad-
diction, and withdrawal syndrome must be taken into con-
sideration [47]. Tolerance to opioids occurs when the body
becomes accustomed to a certain dose and an increased
dose is required to obtain the same effect. Addiction is the
creation of psychological and physical dependence on a
drug, creating an irresistible need to take the medication
again, regardless of possible consequences. Withdrawal
syndrome is characterized by symptoms like agitation, in-
somnia, tremors, gastrointestinal symptoms like nausea,
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Table 2. Starting dosages for opioid analgesics for opioid-naive
neonates according to WHO recommendations [32]

Simi¢ D. et al.

Table 4. Starting dosages for opioid analgesics in opioid-naive children
(1-12 years) according to WHO recommendations [32]

Medicine qute Of. Starting dose Medicine qute Of. Starting dose
administration administration
IV injection® 1-2 years: 200-400 mcg/k
- J, - 25-50 mcg/kg every 6 hours y 4h 9/ka
5C injection Oral (immediate 212 every2 ours /
Morphine Initial IV dose 25-50 mcg/kg, then release) ~12 years: 200-500 mcg
. . kg every 4 hours (max. 5
IV infusion 5-10 mcg/kg/hour mg)
100 mcg/kg every 6 or 4 hrs oral (orol 4 200-800 X
— " ral (prolonge -800 mcg/kg every
- | IV injection . 1-2 mcg/kg every 2-4 hours release) 12 hrs
entany IV infusion® Initial IV dose 1—3km/chg/kg, then 0.5-1 Morohine IV injection® 1-2 years: 100 mcg/kg
mcg/kg/hour P every 4 hours
2Administer IV morphine slowly over at least 5 minutes; L 2-12 years: 100-200 mcg/
bintravenous doses for neonates are based on acute pain management and SCinjection kg every 4 hours (max.
sedation dosing information; lower doses are required for non-ventilated 2.5mg
neonates; e
cadminister IV fentanyl slowly over 3-5 minutes Initial IV dose: 100~
IV infusion 200mcg/kg?, then 20-30
Table 3. Starting dosages for opioid analgesics in opioid-naive infants - - mcg/kg/hour
(1 month - 1 year) according to WHO recommendations [32] SCinfusion 20 mcg/kg/hour
- b d
. Beuie 6 ; IV injection 1-2 mcg/kg , repeate
Medicine selinisEen Startlng dose Fentany| every 30-60 minutes
Oral (immediate 80-200 mcg/kg IV infusion Initial IV dose 1-2 mcg/kg?,
release) every 4 hours then 1 mcg/kg/hour
IV injection® 1-6 months: 100 mcg/kg Oral (immediate | 30-80 mcg/kg every 3-4
every 6 hours Hydromorphone release) hrs (max. 2 mg/dose)
SCinjection | 6-12 months: 100 mcg/kg every 4 IVinjection‘or SC | , o mcg/kg every 3-6 hours
hours (max. 2.5 mg/dose) injection
Morphine 1-6 months: initial IV dose: Oral (immediate 100-200 mcg/kg every
50 mcg/kg, then: 10-30 mcg/kg/ release) 4 hours for the first 2-3
WV infusion® hour Methadone® L doses, then every 6-12
infusion 6-12 months: initial IV dose: Vinjection® or3C | hours (max 5 mg/dose
100-200 mcg/kg, then: 20-30 injection initially)’
mcg/kg/hour Oral (immediate | 125-200 mcg/kg every 4
P 1-3 months: 10 mcg/kg/hour release) hours (max. 5 mg/dose)
SCinfusion 3-12 months: 20 mcg/kg/hour Oxycodone Oral (prolonged s 12h
IV injection 1-2 mcg/kg every 2-4 hours* release) mg every ours
Fentanyl® IV infusion Initial IV dose 1-2 mcg/kgs, then 2Administer IV morphine slowly over at least 5 minutes;
0.5-1 mcg/kg/hour badminister IV fentanyl slowly over 3-5 minutes;
o Oral (immediate 50-125 mcg/kg ‘hydromprphone isa pot'ent~op|0|d and 5|gn|ﬁ§ant differences e?qst between
xycodone | ah oral and intravenous dosing; use extreme caution when converting from one
release) every 4 hours route to another; when converting from parenteral hydromorphone to oral

2Administer IV morphine slowly over at least 5 minutes;
bintravenous doses of fentanyl for infants are based on acute pain
management and sedation dosing information;

cadminister IV fentanyl slowly over 3-5 minutes

vomiting, poor appetite, tachycardia, tachypnea, hyperten-
sion, and fever. Children who have been on opiates for a
long time and at high dosages require gradual reduction
of opiate use in order to prevent the development of ad-
diction. If opioid therapy lasted for 7-14 days, the dose
can be decreased by 10-20% of the original dose every
8 hours. In the case of a long-term therapy protocol, the
dose should not be reduced more than 10-20% per week
[38]. When opioid overdose occurs, central respiratory
depression develops, which can lead to a coma. Naloxone
can be administered to a patient to stop the immediate
opioid overdose, but opioid addiction and the development
of withdrawal syndrome cannot be cured by Naloxone, so
further treatment will be needed to treat the addiction [48].

ADJUVANT CO-ANALGESICS

Co-analgesics have a primary purpose other than pain
management, but they can be used in addition to analgesics

‘ DOI: https://doi.org/10.2298/SARH180917019S

hydromorphone, doses may need to be titrated up to 5 times the IV dose;
dadminister IV hydromorphone slowly over 2-3 minutes;

edue to the complex nature and wide interindividual variation in the
pharmacokinetics of methadone, it should only be used by practitioners
experienced with its use;

‘methadone should initially be titrated like other strong opioids; the dosage
may need to be reduced by 50% 2-3 days after the effective dose has been
found to prevent adverse effects due to methadone accumulation; from then
on, dosage increases should be performed at intervals of one week or more
and with a maximum increase of 50%;

9administer IV methadone slowly over 3-5 minutes

to better control pain relief. Corticosteroids, bisphospho-
nates, antidepressants, anticonvulsants, and ketamine can
be used as co-analgesics, but there are still no recommen-
dations for their use in pediatric patients.

METHODS OF REGIONAL ANESTHESIA

The application of regional anesthesia in childhood de-
pends on the physiological specifications of their age, as
well as on the technical capabilities of the anesthesiologist
[49]. The effect of the block is short-term, and for long-
term effects, catheter techniques are used. The use of cath-
eter techniques improves the control of postoperative pain,
reduces the use of analgesics and opioids, postoperative

Srp Arh Celok Lek. 2020 Jul-Aug;148(7-8):503-508



Analgesia in the palliative care of children

nausea and vomiting, time spent in the hospital, as well as
costs, all of which improves the satisfaction of the patients
and their families with the procedure [50].

CONCLUSION

The primary goal of treating terminally ill children of all
ages is giving them life without pain. It is necessary to
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AHanresuja y nanujaTuBHOM 36purbaBatby aeue

Jywnua Cumnh'?, AHa Bnajkosuh', iBaHa byauh#, Muogpar MuneHoBuh>*, Mapuja Creuh'2

'YHuBep3uTeTCKa fievja KNnHKa, beorpag, Cpbuja;

Ynusepautet y beorpagy, MeguunHcku dakyntet, beorpag, Cpbuja;

*KnuHnukn yeHTap Huw, LieHTap 3a aHectesvonorujy 1 peaHumatonorujy, Huw, Cpbuja;

*YHuBep3auteT y Huwy, MeguumuHckn dakynteT, Huw, Cpbuja;

*Knunnuku ueHTap Cpbuje, YpreHTHM LeHTap, AHecTe3uja 1 IHTEH3MBHO Nievetbe, beorpag, Cpbuja

CAXETAK

Ycnep cse Beher nopacta 6poja fielie ob6onene of Hensneun-
BMX 60necTy, BeNVKM 3Hauaj y neaunjaTpujckoj MeguumnHm je
nanujatneHO 36putbaBatbe OBe Aelie. [NaBHW 3afaTak nanuja-
TVBHOT 36pUHbaBatba je ybnakaBarbe naTkbe Koja Npov3unnasm
13 NcnxodU3NYKOr CTakba eTeTa, a Hajaehum fenom u3 6ona.
MoHeKap je 13y3eTHO TELIKO NPeno3HaTU, KBaHTUPMKOBATK
1 KBannrKoBaTn 60N KOA NeaujaTpujckrx 6onecHuka, a 1o
je ynpaBo npBa ¢da3a y npoHanaxery Hajoorber HaunHa 3a
ybnaxaBare nathe. KibyuHo je npoHahu Haj6osby HaumH 3a
ybnaxaBatbe Unn yknamarbe 601a, anv HaumH Koju he Kako

DOI: https://doi.org/10.2298/SARH180917019S

AeTeTy Tako 1 poanTesby NpyunTn ocehaj NoTnyHe KOHTpone
Hag 6onom.

Y npakcy cy 3acTynibeHe HedbapmaKkonoLlke 1 papmMaKkosioLLKe
meTofe aHanresmje. DapmakosoLKe MeToe yKIbyuyjy Heonu-
OMAHe 1 ONnougHe aHanreTke, NOTOM KOaHanreTuKe, Kao 1
MeTOfle pernoHasHe aHecTesuje.

[la 6ricMo Ha Haj6osby HaurH 36pUHYM OBY fieLly, HEOMXOAHO
je pa npuctyn 6yae MHAMBMAYanaH, MynTUMOZanaH, MynTUau-
CLUMNAMHAPaH, 1 Mopa ce MOCBETUTY NaXkia CBAKOM fieTaby.
KmbyuHe peun: 60n; nannjatneHoO 36purbaBarbe; negujatpujckm
6onecHULY; aHanresuja
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ARTICLE FOR PRACTITIONERS / PAL} 3A NMPAKCY

dopeH3nyKa Heypoioruja — ynora Heyponora y
CYACKOMEZAULMHCKOM BeluTauekby

Hvikona Bojsoguh', BecHa Monosuh?, Jbybunua Bojsoguh?, Msan Muxarses?, TatjaHa AtaHacujeBuh?

'KnuHnukm uenTap Cpbuje, KnnHuka 3a Heyponorujy, beorpag, Cpbuja;
2YHnsep3utet y beorpagy, MegmumHckmn dakyntet, UIHCTUTYT 3a cyncky meauumny, beorpag, Cpbuja;

*0OnwrTa 6onHuua, Eypomeauk’, beorpag, Cpbuja

CAMETAK

DopeH3nuka Heyponorvja MMa 3agaTak Aa Ha OCHOBY No3HaBaka GyHKLMOHaIHe HeypoaHaToMuje 1
MeXaH13ama HeypOJIOLLKNX 6ONeCTV MPOLIEeH 1 06jacHK nocieuLie pasnnunTx obosbera 1 Tpayma
HEPBHOT CMCTeMa Y CBMM CUTYaLMjaMa Koje Mory 61T Of 3Hauaja 3a MpaBHU CUCTEM. Y OBOM pafly CMo,
Ha OCHOBY COMCTBEHOT UCKYCTBA, MOKYLLIANV [ja UICTaKHEMO OHe 0611acTn GopeH3nUKe MefULIHE Y Kojui-
Ma Cy Hafasu 1 eKCNepTCKO MULLIbEHbE HEYPOJIOra He CaMo BaxkHMW Beh 1 KSbyUYHU 3a AOHOLLEHE LITO
je moryhe npaBefHujix CyACKMX OAnyKa. Hamepa Ham je Aa NOAPXKMMO Hamope Ka yCnocTaBsbatby joLu
aHra)oBaHje ynore Heyposora y nojeAMHMM 0651acTMa, Ha MPBOM MECTY y BeLUTauerb1Ma OAroBOPHOCTY
1 ypauyHSbMBOCTY U3BPLLMNALIA KPUBUYHUX feNa U Kao HUXOBE NPOoLiecHe CrnoCcobHOCTM.

KrbyuHe peun: opeH3nyka Heyposoruja; CyAcka MeauLIMHA; BelTauere

yBof

Dopensnuka Heyposnoryja (1 HeypodopeH-
31IKa) jecTe KIMHIYKa TPaHa CyACKe MeIUIHe
Koja, monmasehn off mosHaBama QyHKIMOHATHE
HeypoaHaTOMMje U MeXaHM3aMa HeypPOJIOII-
K1X 6omecty, Tpeba fja mpoleHn 1 06jacHu
HoC/IeaNIle pasININTUX 060/bea U TpayMa
HEepBHOT CIICTEMaA y CBUM CHUTYyallMjaMa Koje
Mory OUTM Off 3Ha4aja 3a IpaBHU cucteM [1].
Cyp of Heyporora oueKyje fa Ipy>KU Ofiro-
BOpe Ha MHOTa INTama Koja UMajy IIpaBHe
UMIUINKalMje 1 Koja ce yecto cpehy y cBa-
KOJHEBHO]j CyZcKoj mpakcy. Kako Hamsrer
Majla HeypoTpayMa MOXKe 113a3BaTl 3Ha4ajHy
U TpajHy oHecriocob/peHoCT? Kayia remenija
JIOBOZIY /IO TyOUTKa IOCTIOBHE, TeCTAMEHTHE U
mpyre criocobnoctu? Jla nmu je ocoba obonena
Off enuyIeTniCKje OVla HeypadyH/bUBa Y BpeMe
U3BpIIeHha KPYBUYHOT flefa?

Ha oBoM 3ajjaTKy HeyposIory je 4ecTo Imo-
TpebHa momoh y BMAy afleKkBaTHe capajme
ca IpyTUM CpOJHMM 06TacTMMa Kao IITO CY
HeypOIICHXOJIOTHja, HeypOXUPYpIuja, Heypo-
I1aTOJIOTHja U IICUXMjaTpUja, Kao U IPUMeHa
PA3TUYNTHX TUjarHOCTUYKYX METOJa Kao IITO
cy enektpoennedanorpaduja, KOMIjyTepuso-
BaHa TOMOrpaduja Mo3ra, MarHeTHa Pe3OHaH-
Ija Mo3Ta M GyHKIMOHATHA HEYPOpajo-
noruja [2].

Y 0BOM pajiy CMO IIOKYIIa/M fa UICTAKHEMO
oHe 06/macTy (hopeHsIIKe MeAMIIVHE Y KOjuMa Cy
Haasy U eKCIIePTCKO MUIJbelbe HeyposIora He
caMo BayKHU Beh 11 K/bYYH 3a JTJOHOIIEHbE IITO je
Moryhe npaBegHMjMX CYACKUX mpecypa [3].

OBJIACTU HEYPO®OPEH3UKE

Toxom nocnenwux cemam roguaa (1. 6. 2012 -
31.5.2019) ayTop oBOr paja je, KaO HEypOJIOL,
6110 yK/bydeH y 97 BellTa4yerba, Koja Cy Ha 3aXTeB
CyZia U3BpIIIeHa y VIHCTUTYTY 3a CyfiCKy Mey-
LVIHY ,, MunoBan Munosanosuh® wm of ctpa-
He CyficKOMeMIMHCKOT 0fi00pa MenIMHCKOT
(akynrera YHuBepsurera y beorpany. On cBux
HaBeJIeHIX crTyJajesa 43 (44%) cmydaja cy ce of-
HOCH/Ta Ha HeypOTpayMy U >KUBOTHY 11 Ipode-
CUOHAJIHY OHeCIIOCOO/beHOCT, 31 (32%) cmyyaj je
6110 y Be3V ca HapyIIeHNM KalaIyTeToM (crio-
cobHo1hy) 3a caMOCTaIHO OITy4uBame, 5 (5%)
CTydajeBa ce TUIIA/IO HEYPOIOIIKIX 60mecT 1
KpuMyHamTeTa 1 18 (19%) crydajesa je 6uo y
Be3U Ca IITarbeM HecaBecHOT Jieuerha 000/Ienmx
U/VITY YMPTIVX OFf, PasTNYUTUX HEYPOTOMIKIX
6onectu (Cnuka 1). Y mabeM TEKCTY YKPaTKO
hemo ce mo3a6aBUTH HajBaYKHM)IM acTIeKTIMA
HEYPOJIOIIKOT BellTadera y CBAKOj Off HaBefle-
HIX 067IacTn.

KMNBOTHA U NMPODECNOHAJTHA
OHECMOCOBJLEHOCT U3A3BAHA
HEYPOTPAYMOM

Y caBpeMeHOM CBeTY IIOBpefie HEpBHOT CHC-
TeMa IpeCTaB/bajy Bogehn y3pok mHBanmuuu-
TeTa I1a ¥ CMPTHOCTHM KoJj ocoba Mmmabux ox
45 ropguHa [4]. 3aTo U HUje HEOOUYHO IITO je
Y CKOPO IIOJIOBMHM C/Iy4ajeBa 3a Koje je Tpa-
>KeHa HeypoJIOlIKa eKCIIepTH3a To 6110 360r
Heypotpayme. Hajuemhe ce pagnio o nmospe-
faMa I7aBe 1 Mo3ra (28 ciydajeBa, 65%), 3a-
TUM CJlefie ToBpefie epudepHux Hepasa (10
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cny4ajeBa, 23%) 1, Ha Kpajy, Tp3ajHe IIoBpefe Bpara (TeT
cnydajeBa, 12%).

KBanuTeTHa ¥ MOTIYHA HEYPOJIOLIKA eKCIIepTH3a y
CBUM CIIy4ajeBUMa HeypoTpayMe Iofipa3yMeBa YeTUpU
Ba)KHa Kopaka: 1) yrBphuBame HeJBOCMICITHE Y3pOYHO-
nocnefuyHe Besde usMehy npegmerHor forabaja u Hac-
TaNNX IOBpena, 2) feduHMcabe CBUX CeKBea IPeTXO] -
HUX [TOBpefia U MMOCeOHMX cTama NnoBpeheHor koja Mory
TOIIPUMHETY TeKMM HOCIefuliaMa aKTYeTHUX IIOBPefia,
3) mpoBepy Ha nu je 30purbaBame 1 Jieuerhe aKTYeTHNIX
IOBpea CIPOBEJeHO Y CKIaAy ¢ IPMHIMUINMA Tobpe
K/IMHUYKe IIpaKce ¥ Jja JIY Cy CBe IIOBpefie IIpolieheHe Ha
OCHOBY 00jeKTVBHVIX METOJ}a JOITYHCKOT MCIIUTUBaba U 4)
00jeKTVBHY IIPOLIEHY CBUX ITOCIEAIIa HEypOTpayMe Koje
MOTY OMTH HeypOJIOlLIKe (XeMMIlapesa, ie3uje KpaHuja-
HYIX 11 TepyepHIX HepaBa, IOCTTpayMarckKa elIencuja
UTH.), KOTHUTUBHO-OMXeBUOpaIHe (HeYPOIICUXOJONIKe) 1
He-Heyporolike (KOHTpakType) [5].

INojemuae cuTyaruje mpefcTaBsbajy mocebaH 13a30B 3a
HeypoJiora Kaja je y IUTamwy BellTadelbe HeypoTpayMa,
a pelaTUBHO 4YecTo ce cpehy y npakcu. ITpBa ce ogHOCH
Ha PeTPOCIEKTVUBHY AMjarHo3y IoTpeca Mo3ra, Hoce6Ho
y CUTyaluju Kajia je MeAMIMHCKA JOKYMeHTalija Helo-
TIIyHa JIN HeKBajmTeTHO Bohena [6]. [Ipyra ce onHOCHK Ha
IIPOLIeHY IOCTKOMOLIMOHOT CMHpOMa KOj! Ce JIOMMHAHT-
HO MaHMecTyje y BULy cy6jeKTMBHUX Teroba KOf KOjux
je 4ecTo IMpUCYTHA arpaBalllja, [1a Yak ¥ cumynanuja [7].
Tpeha, noTennujanHo mpobdnemaryHa CUTyaLuja je mpo-
IleHa IT0CTojama JUdy3He aKCOHAIHE /esyje Y CUTyaluju
KaJla MHUIVjaTHY CHYMIIM MO3Ta KOMIIjyTepU30BaHOM
ToMorpadujoM 1 MarHeTHOM pe30HaHIIOM He II0Ka3yjy
HOCTOjarbe MopdoowKy BubuBux nesuja [8]. Cnepeha
je yrBphuBame kopenanyje n3Mebhy mexanmnsma nospeze
IOCTIe Cyfiapa ayToMoOwIIa ca 3ajjbe CTpaHe M CUMIITOMA
Tp3ajHe moBpefe Bpata [9]. Ha kpajy, y ckiony Bemra-
4emwa caobpahajHor TpaymaTyaMa, HEypOJIOTy Ce YeCTO
[IOCTaB/ba MMATakbe O TEKVMHMU IIOBpefia U yroTpebu, of-
HOCHO HeyIoTpe6u curypHocHor nojaca [10]. Cse ose
CUTYyalyje U fuIeMe YeCTO 3aXTeBajy JOoflaTHe aHa/lIn3e
U ITIOMOh CpOHMX HeypOHayKa VI JOIYHCKMX MeToma
VICHUTYUBAalba YMjy JeTa/bHUjU IIPUKa3 IpeBa3uiasy 06um
Y HaMeHY OBOT TeKCTa.

CMAHBEH KAMAUUTET / HECMOCOBHOCT
OANYYUBAA YCIIEQ HEYPOJIOLWWKUX
NMOPEMERAJA

KamaunreT noppasymesa nocefoBame KOTHUTUBHE CIIO-
COOHOCTH 3a IIpOLieCyMparbe, 3apXKaBarbe M pasyMeBambe
peleBaHTHMX MHPOpPMaIja, Kao U IPOLeHYy pU3NKa I
HOCTIeVIIA TIOjeAMHIX OMTyKa (CIIOCOOHOCT Oy UnBatba).
3aKOH IIPETHOCTaB/ba fla je CBaKa 0coba OYyBaHUX Ka-
manuTeTa CriocobHa fia caMa ofyTydyje y CoenupuaHuM
OKO/THOCTMMA 1 Jla caMa IPOIeHN I carnefja pusuK u
KOPMCT Off OHOLIEkha NI M30CTAaHKA HEKe OJJIYKe.
HajpaxHnja unmbeHnIla y Be3) ca KalallUTeTOM jecTe TO
fia je OH crenMUYHO Be3aH 3a BpeMe, CUTYalMjy 1 3a-
marak [11].
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= Heypotpayma

M CrnocoGHOCT 0Ty HBaba
KpHMHHATHTET

W HecaBecHO nederme

Cnuka 1. O6nacty cyackoMeanLUHCKOT BeluTauera y Kojuma je 6o
aHraxoBaH Heyporor (n = 97)

Figure 1. Fields of forensic expertise in which a neurologist was en-
gaged (n=97)

Cnuka 2. QokanHe ncxemmjcke nesuje mosra (ctpenvue) y bpokuHoj
30HU 3a eKcrnpecrBHY roBop (A) 1 BepHIKeoBOj 30HM 3a peLenTUBHY
roeop (B) koje foBoAe Ao rybuTka npouecHe crocobHOCTA ycnen He-
MoryRHOCTV afeKBaTHe KOMyHMKaLje

Figure 2. The focal ischemic brain lesions (arrows) in the Broca’s area
for expressive speech (A) and the Wernicke's area for receptive speech
(B) that cause loss of capacity to stand trial due to the inability of
adequate communication

[Turame KamanuTeTa, Tj. CHOCOOHOCTY OfTyYMBalba
II0jef/HIa, ITI0CTaB/ba ce Hajuyelhe y cuTyanujama y Koju-
Ma ocoba Tpeba fja JoHece OJTYKy KOja by CaMy, BeHO
3[IpaBjbe VIV HBeHY UMOBIMHY MOXKE JOBECTH Y OITACHOCT
[12]. ITocToje mBa acmeKkTa CIOCOOHOCTY: KIMHUYKA U
npasHa. Kao MpaBHY KOHIIENT, KallaljuTeT IOfjpa3yMeBa
MMHUMAJHY CTOCOOHOCT 3a CIIpoBohere 3aKOHCKM pe-
TY/IUCaHVX IpoLlefypa M Moxke 61ty rpahancko-npaBHa
(TecTaMeHTHa CIIOCOOHOCT, PMHAHCKjCKA CIIOOCOOHOCT,
CIIOCOOHOCT 3a CAaMOCTaIaH XXVBOT) VIV KPYBUYHO-IIPAB-
Ha (TIpoIiecHa CIIOCOOHOCT M CITIOCOOHOCT TI0jefiMHIIa
ma My ce cynu) [11].

CMameH KanaluTeT OfiTy4uBama IoCnenIia je mpu-
CYCTBa HEYPOJIOLIKOT M/V/IV IICUXUjaTPUjCKOT 000/berba
KOje peMeTy BHIlIe KOpTuKanHe GpyHKIyje miy GyHKIMje
jesMka ¥y roBopa ca rybMTKOM CIIOCOOHOCTY KOMYHMKa-
nuje. HajsHayajHUju HeypoJIOMIKM y3poLu I'YOUTKa BU-
IIMX KOPTUKANTHUX GYHKIIMja jecy AjnxajMepoBa 60mecT
U ipyTe ileTeHepaTUBHe ieMeHIyje, Majja Tpeba Harlnacuty
Ia ¥ nojepuHe pokaHe nesuje (Tpayme, MHGAPKT UK
TYMOPM) Y CTPaTeIIKM BaXXHUM JielIOBUMa Mo3ra (KOpTH-
KaJIHe 30He 3a TOBOP, Ta/llaMyC) MOTY JOBECTH JO IyOuTKa
criocobHoCTM ofTydnBama [12] (Cnmka 2).

Y cepuju HamuMx BelTayerma Koja Cy ce OGHOCHIIA Ha
IIPOLIeHy KallaluTeTa Hajuernhe ce paiyio o eKCIepTusu
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= CaMocTanaH JKHBOT

® [TocoBHA cIOCOOHOCT

IIponecHa ciocobHocT M TecTaMeHTHA CIIOCOOHOCT

Cnuka 3. Pa3nuunte BpCTe CNOCOGHOCTM KOje je MpoLehuBao Hey-
ponor (n=31)
Figure 3. Different types of capacities assessed by a neurologist (n =31)

mpolecHe crioco6Hoctu (17 cnydajeBa, 55%) (Cnuka 3).
Bewrraderse mporiecHe CliocCOGHOCTI CIIPOBOAM Ce Ha 3a-
XTeB Cyfia 1 Tpeba Jja IIPY’>KI OfTOBOP HA MUTAbe [a /N je
ONTY)XEH Y CTaEby [ja YYECTBYj€ ¥ CYACKOM IIOCTYIIKY KOjI
ce mpoTuB mera Bopu. Hajuemrhe je y nuramy xpusnana
OJITOBOPHOCT ¥ €KCIIEPTU3Y PA/iyL JIEKap KOra CyJ| MMeHYje
3a Bemrraka [13]. Bemrauere mpoiiecHe CriocOOHOCTH MOf-
pasyMeBa OJJHOC OKPVIB/bEHOT U BELITAKA KOj! Y HEKIM eJle-
MEHTVIMA 3HATHO OICTYIIA Off yoOudajeHor ogHoca 6omec-
HIIKa 11 jTekapa. IIpBo, exap koju Beh y1e4n OKpyB/bEHOT Off
6omecty ny nopemehaja Koju 6y IIOTEHIMjaTHO MOITIN fia
Hapylle IPOLeCHY CIIOCOOHOCT He 611 Tpebaso fa caMoc-
TaJTHO YYeCTBYje y BelllTayemby. [Ipyro, HeMa IOBep/bUBOCTI
nHopManyja Ha penanujy gekap (Bemrax) — 60IeCHUK
(oxpuBbeHn), jep he nekap — BelTak cBoj Hajla3 JOCTaBUTU
CYRY, @ MOXKe, YKOJIVMIKO ITOCTOjJI TAKaB 3aXTeB, JATI MCKa3
Ha cyny. Ha kpajy, okpriB/beHn nMa mpaBo ja He capabyje ca
BerutakoM. IlIta moppasymeBa odyBaHa porjecHa CIioco6-
HocT? KOoMITeTeHTHOCT Heke 0cobe [ja yIecTBYje Y CYACKOM
[OCTYIKY IIOApa3yMeBa PAlIOHATHO U YMEeHINYHO Pas-
yMeBarbe KPYBIYHOT [IOCTYIIKA V1 CIIOCOOHOCT OITY)KEHOT
Ia ydecTByje u capabyje y conctBeHoj onbpanu. yrum pe-
4)Ma, OITY>KeHU Tpeba fa Oyze: 1) ciocobaH 3a capaniy
ca G6paHnoLeM (Jja pasyMe OLTYXXHUILLY, pasyMe COIICTBEHY
HO3UIMjy ¥ pasdyMe yIory GpaHIoLa, TY>KMOLA U CYavje)
¥ 2) crioco6aH [ja JOHOCH OJUTyKe Y Be3U Ca OITY KHUL[OM
(HITp. KAKO Ce M3jaCHUTH IO IUTakby onTyXHuIe). Borectn
n ourrehersa 6€3 jaCHO MEAVIIMHCKN JOKYMEHTOBAHVX He-
YPOJIOLIKNX, 6MIXeBUOPATHIX 1 KOTHUTVBHYX VICTIA/ja HII-
KaKO He MOTy JOBECTII [0 IIPOLieCHe HECIIOCOOHOCT, a/lu
[IOHEKaJ MOTy 3aXTeBaTy OCe6aH TPeTMaH ONTY)XEHOT
(HIIp. OrpaHMYeHO Tpajatbe POYMINTA, MOrYNHOCT JaBamba
uckasa y ceneheM monoxxajy urn.) [14].

HEYPOJIOWKE BOJIECTU U KPUMUHAJIUTET
Ocobe ca pa3nMunTUM HEYpOIOLIKUM 60IecTrMa MOTy
61T rOBeHe Y KPUBUYHOM IIOCTYIIKY U OHe II0 IIpaBU-

1y ofbpaHy 6asupajy Ha CBOM HeypOJIOIIKOM 060JbemnY.
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3ajiaTax HeypoJIOora je Jja IIPOLIeHM Ja /N je U Y KOjoj Mepu
BUXOBa 60/IeCcT MMaa yTHUIlaj Ha KPUMIHOTEHO [TOHA-
IIame 1 Ha CIIOCOOHOCT Ja cXBaTe 3Hayaj CBOT fea, a
3ajjaTak Cyja je fa IpoLeHy Ja U OHu Tpeba fa Oyny
KKHeHN 1 Ha Koju HaunH. Heyporomnike 6onectu u crama
Koja ce Hajuemrhe foBofie y Be3y ca KpUMIUHOT€HIM ITOHa-
IIarbeM jecy ermIencija, mopemehaju criaBarma 1 cekBere
TpayMaTCKMX je3uja Mo3ra [15]. ¥ naspeM Tekcty 6uhe
pedn 0 enMIeNCHju Kao 060/berbY KOjIM Ce, TI0 TIPABIUITY,
6aBe MCK/bYIMBO HEYPOIO3 1 O IheHOM MoryheM yTuiiajy
Ha YpadyH/bUBOCT IIPUIVKOM M3BPIIeha KPUBUYHOT fiea.
[Inramwa koja cyx Hajuemthe ynyhyje Heyposory y ciy-
YajeBMMa y KOj/IMa OIITY>KeHU O0JIyje Off ermIeIicuje jecy
fia I Hacusbe MoXKe 61Ty MaHudecTanyja enniencuje,
Tj. CAMOT eNVJIENITNYKOT HAIlafla, OHOCHO Jia JIM HACWU/bEe
MOXXe OUTY IOKPEHYTO NPETXOXHNM €NVIENTUIKIM
HanazoM. Hacuinno nonamame mehy 6omecununma ca
eNMJIETICHjOM MO>Ke Ce CBPCTATH Y IIEPUUKTATHO HACUIbEe
(TOKOM W/IM HELIOCPEHO MTOCTIE HAlla/ja) ¥ MHTEPUKTATHO
Hacwbe (He3aBJCHO Off Halafa, Tj. usMeby Hamazna) [16].
Kaxo etiuneiiiiuuku natiag moxe gosecitiu go Heypa-
uyHpusocitiu? Ha IpBOM MeCTy yc/ief II0jaBe HeBOJ/BHOT
006/11Ka [IOHAIIAA Y BU/Y eNVIENTIIHIX ay TOMAaTN3aMa,
Kao 1 ycriefi nopeMeheHor pacyhuBama 13a3BaHOT IIOCTUK-
TATHVM IICUXOTUYHIM I[IOHALIAKEM Y IEPHOLY HETIOCPes-
HO nocsie Hanaga [16, 17]. Enunentudny ayToMaTusMu
[IPeCTaB/bajy Matbe-BHIle KOOPAVHIICAHE VI KOMITIEKCHE
HeBO/bHE pajibe Koje 4ecTo mojcehajy Ha HopManHy
MOTOPHY aKTUBHOCT, /1) Cy HeafjeKBaTHI 32 TPEHYTHY
CUTYallujy, HEMajy CBPXY M CTEPEOTUIIHO Ce IIOHAB/bajy.
JaKo M3BPLIMOLY TEXNX KPUBUYHUX flefla KOju 60yjy
Off eTIMJIeTICHje CBOjy OfOpaHy 4ecTO 3aCHMBAjy YIIPaBo Ha
0BOM OOJIVIKY HEeBO/BHOT IIOHAIlIama, Tpeba uctahu fa je
IIPEKPILIaj KOjJ Ce MO>Ke jaBUTH Y TAKBOM CTarby IO IIPaBM-
JTy TPUBMjajIaH, HIIP., OOECHVIK je M3aINao 13 IPOJABHILIE
a Jja Hyje I1aTno poOy WM ce yKpLiao Ha ayToOycC 1 BO3
a f1a Hfje KYIMo KapTy UT/A. baHa/mHOCT 0BUX mpeKpInaja
HOCTIEANIIA je CaMe YMIbeHNIIe [ja eNVMIEITIYHIL ay TOMa-
TU3MM Hajuenrhe npencraB/bajy HaCTaBaK HEIOCPeTHe
[IPEVKTaTHE MOTOPHE Paiibe VI IIPOCTE PereTUTIBHE
CeKBeHIIe KOIUIEKCHUjMX MOTOPHUX pagmiu [17].
Crynuja ns EHrnecke koja je y nepuony of 1975. no
2001. ropuHe npenTn¢uKoBana camo 13 ocmobabajyhnx
IIpecypa ycies cMalbeHe YpadyH/bMBOCTH M3a3BaHe eIlu-
JIETITNYKIM HAIlaIoM II0Ka3aJIa je fja ce mpeko ABe Tpehn-
He KPYMIHAIHIX PAfib/l OAUIPATIO Y HEITOCPEXHOM I10C-
TUKTaTHOM Ilepyony [18]. CoMeHyTa cTynuja je 3HauajHO
foupuHena gepuHuCaky GOPEH3NIKIX KPUTEPUjyMa 32
foBobermse y Be3y HEKOI KPMMIHA/THOT fiejla ca eIVJIem-
TUYKUM HarazfoM. Jlekap Tpeba IpoleHy fja 3aCHMBa Ha
cnepehux et kputepujyma: 1) onryxenu tpeba a uma
[IPETXOHO AMjarHOCTUKOBAHY €MIENCHjy ¥ IIOHALIAbEe
TOKOM ITpefMeTHOT forabhaja Tpeba na Oy/e KOH3UCTEHTHO
[IOHAIIAlby TOKOM PaHUjUX Hallaja, 2) caM 4iH Tpeba fa
Oyfie aTMIIMYaH 3a KapaKTep [OjefHIa I HeIPUMepPEeH
3a OKOJIHOCTY, Tj. 6€3 O4UIJIeHHOT MOTHUBA, 3) ¢ 0031poM
Ha TO Jja Ce eNIENTIYK Hallaf jaB/ba M3HeHaaa (,, IOy T
onyje“), He cMe OMTM HUKAaKBUX MHANIINjA O IIPETXOJHOM
YMUII/bAjy HATY TOCTUKTATHOM IIPUKPUBAY [JOKA34,
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4) YKOMMKO IIOCTOje CBEOLM MM CHUMLIYM HaI30PHUX Ka-
Mepa, OHM 61 Tpebasto a yKaKy Ha e/leMeHTe M3MEeHheHOT
CTamba CBeCTH Y BpeMe IIpegMeTHOr forabhaja (Hemommd-
HO 3ypeme, CTepeoTUINje, HECBPCUCXOTHE aKTVBHOCTH)
1 5) 3aTO IITO Ce YVH JelllaBa TOKOM MKTaTHUX MU IOC-
TUKTA/IHUX ay TOMAaTH3aMa, ca II0jaBOM CaMoT Hallafia IIo-
uyymbe 1 nopeMehaj mamherma y Buay anteporpanse am-
Heslje Tako Ja 6y OKpUB/beHY MOpao fa uMma Hecehame y
Be3U ca IIpeIMeTHUM fjorabajem [17, 18].

Heyporolka npoleHa ypauyH/bUBOCTU Y KPUBUY-
HUM IIOCTYIIIMMa Y HAIIOj Cepyjy BelTadema 61a je
PeNaTMBHO peTKa, cBera 5%. YTucak ayTopa OBOT TeKCTa
je Ia je pasJior 3a CIOpafiiYHO aHTAKOBalbe Heyposiora
Kajia je y IUTaby IpolieHa ypadyH/bMBOCTHU M3BPIINOLIA
KPUBMYHIX J€/Ia TO IITO HAIIM CYLOBU I [Ja/be Y OBUM
IpegMeTVMa [ajy IPeTHOCT IICUXMjaTpuMa. ApPryMeHT 3a
00aBe3HO YK/by4lBambe Heypojora 61 610 To fja Cy Io-
Halllalbe U eMolyje Takohe 13pa3 MoXKIaHe aKTUBHOCTY
Te Jla IPOLieHa HeypadyH/bMBOCTY 1 HEBO/bHUX 00/IMKa
HoHallamwa y BehyHM cnydajeBa moppasyMeBa 06aBe3HoO
yuewhe Heyporora [19].

HECABECHO NMOCTYNAKE NPUJINKOM
ANJATHOCTUOUKOBAA N NIEYEHA
HEYPOJIOLWWKUX O6O0JbEHA

OCHOBHO 3Hayerbe [10jMa JIEKAPCKe IPELIKE je TOCTYIabe
JIleKapa CYIIPOTHO OIIITENPU3HATIM [IPABI/IMIMA BIIACTIATE
crpyke (contra legem artis). Mebhytum, camo oHa jiekapcka
TpelIKa Koja JoBefie 0 IOropIIamka 34paB/ba WIN CMPTH
6orecHMKa [IpeMeT je KPUBUYHE OATOBOPHOCTI JIEKAPA,
Tj. IIpefICTaB/ba KPUBIYHO JIe/I0 HECABECHOT Jiederba [20].
[laxsie, II0jaM HecaBeCHOT NPY)Karba JeKapcKe moMohu
HOJpasyMeBa IPYMeHY OYMIJIEFHO [IOTPEIIHOT VIV HeIlo-
JOOHOT CPeCTBa WM HadMHA AVjarHOCTUKOBAKSA VI/ VIV JTe-
Yerba Ca IITETHOM HOCTIEANIIOM [0 6ormecHMKa. Y jypUCAVK-
IMjamMa 06M4YajHOT IIpaBa HeCAaBECHO IIOCTYIIatbe ca borec-
HMKOM Ce 3aCHMBA Ha IIPUHIMIIMA HeMapa (TOBPIIHOCT
u HenotnyHoCT). Kako seduHucary Hemap y Meguuuu?
Maxo ce 3aKOHY 3HaTHO Pas/UKYjy Of 3eM/be IO 3eMJbe,
OIILITE TIPABIJIO HAa OCHOBY KOTa Ce Jie(pMHIIIIe HEMap jecTe
cuTyanmja y Kojoj 34paBCTBEHM PaJiHUK He IT0Kasyje pas-
YMHO OY€eKVBaH) HIBO KOMIIETEHTHOCTH (CXOHO CBOjOj
eIyKalyju) IPUIMKOM IIpy>Karba 3paBCcTBeHe ycyre [21].

Meby pagrpama mnn nporycTuma Koju ce MOry cMa-
TpaTV HeCaBeCHUM IIOCTYIIalbeM jecy: 1) Heycmex y Ipa-
BIJIHOM 1 6/IarOBpeMeHOM JjarHOCTUKOBatby 60/mecTs,
Ipy 4eMy Cy noTpebHe JUjarHOCTIYKe METO/ie JIAaKO
IOCTYIIHE; 2) IpOIYCT Y 06e30ehuBamy ofrosapajyher
TpeTMaHa 3a MeJUIMHCKO CTarbe 1au 60mecT, u 3) He-
PasyMHO Kallliberbe Y Jiedersy Beh [1jarHoCTHKOBAHOT
obosperba. Ilog HeMapoM, HAPOIUTO Y GOTTHIUYKUM YCIIO-
BIUMa JIeYerba, MOXKe Ce CMaTpaTy joll 1: 4) HeaJleKBaTHO
Boberbe MeUIHCKe JOKYMeHTaIlNje, 5) HellpUMebIBatbe
a/IeKBaTHYX IIPEBEHTMBHNUX MOCTYIIaKa (HIIP. aHMKOATy-
JIAaHTHA Tepalja) ¥ 6) HellpyMembUBambe oarosapajyhux
XUTMjeHCKIX Mepa (HIIp. IPIINKOM TyMOasIHe ITYHKIje).
ITocrentsyx TOAMHA MHOTY IIPABHU CUCTEMI IPV3HA]y Kao

‘ DOI: https://doi.org/10.2298/SARH190813036V
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Ta6ena 1. [leceT Hajuewhnx npomnycta Heyposnora Koju Mory umati
MefuKosneranHe nocneguie
Table 1. Ten most common omissions by neurologists that can have
medicolegal consequences

Huje youro akyTHU GoKanHu HeyponoLKy aeduumut

I Missed acute focal neurological deficit

Huje npeno3Hao paHe 3HaKe NOBULLEHOT UHTPAKPaHUjaiHOT
2. | npuTtUCKa
Missed early signs of increased intracranial pressure

Huje Ha Bpeme 3anoueo neverbe aeduumnTa BUTaMmuHa b, v/

3 |wm b,

" | Did not start treatment of vitamin B, and/or B, deficiency

on time

4 MponycTuo je anjarHo3y cybapaxHoumganHe xemoparuje

| Missed subarachnoid hemorrhage
5 Huje ypaguno nymb6anHy nyHKUWjy KOA HeypouHbekumje

" | Failure to perform cerebrospinal fluid exam in neuroinfection
6 Hwje npeno3Hao HEKOHBYN3MBHM €NUENTUYKM CTaTyC

Failure to recognize nonconvulsive status epilepticus

MponycTuo je akyTHY/Cyb6aKyTHY KOMNPECHjy KNUMeHe
7. | MOXAaunHe
Missed acute/subacute spinal cord compression

Huje y3eo y pasmaTpare HeyponHTepBEHTHe Tepanujcke
8. |onuunje
Not recognized neurointerventional therapeutic options

MponycTuno je KpaTak Neprop 3a NpuMeHy Tepanuje

2 Missed narrow windows of therapeutic opportunity
Huje gnjarHocTnkoBao MoxAaaHy CMPT 1 NPOMNYCTHO je
10 MoryhHOCT KaiaBepuyHe floHaLVje opraHa®

Failure to recognize brain death and the possibility of organ
donation

*Y 3em/bama ca pa3BUjeHUM NPorpaMom AoHaumje opraHa/ In countries with
an advanced organ donation program

HeCaBeCHO ITOCTYTambe ¥ Kpliere IPYHINI MHGOPMU-
CaHOT IIPMCTAaHKa, Tj. HeobaBelITaBambe 60/IeCHIKa O MO-
ryhuM mocrenuiama fyjarHOCTUYKOT W/VIIV TePATINjCKOT
HOCTYIIKa KOji1 011, TI0 COIICTBEHOj TBPAIbI, 6OIECHNUK Off-
610 fia je yHanpey uMao oxrosapajyhe nndopmanuje [22].
OnroBOpHOCT 32 JIEKaPCKY IPELIKy PasIndnTO Ce TPeTHpa
Y KpMBUYHUM U rpahaHCKONpaBHMUM (IIapHUYHYM) I1OC-
TYHuyMa. YOIIITeHo ce Mo)ke pehu ja KpyBUYHa ofiro-
BOPHOCT JIeKapa IoCToju 3a rpy6e (pacTiyHe) TPpelKe, ca
TELIKMM [TOCTIefnIama 1o 6omecHuka. Hacympor kpusnd-
HVIM, Y TAaPHUYHMM [TOCTYIIMMA Y KOjMa ce pasMaTpa
MoryhHOCT HaKHajie IITeTe HAaCcTasIe YCTIe] eBEHTYaTHIUX
IPOIIYCTa TOKOM JIederba, y 003Up Ce y3MMajy 1 Matbe
(cynTunHnje) rperuke nexapa [20].

Y Haloj cepuju HEYPOJIOWIKMX BelnTadema 1/5 (19%)
6uIa je y Be3u ca IIUTarbeM HeCaBeCHOT AMjarHOCTIKOBatbha
U Jlederba HeYPONIONIKMX 000/berba. Pa3mosn 3a mokpeTame
Ty>k0e IPOTUB HeyposIora 61u Cy Iporpecuja 60mecTn
Y CMPTHU UCXOX, (61%), Kallllberbe Y OMjarHO3M U JIederby
HeyponowKyx 6onecty (22%) u TpajHe GpyHKLIMOHATIHE IO-
crepuie yenep (He)agekBaTHor TpetMana (17%). ITpu Tome,
y IIpeKo % cny4dajeBa (78%) papuio ce o 6omecHNLIIMA
KOjVI CY MHNMIIMjATHO 30pMI-aBaHN Y yPreHTHIM IIpyjeMuMa
VIV Ofie/berbMA IHTEH3VBHE Here. 3aT0 CBaKM HEyPOJIoT
KOjU Pajiyi Ha ypreHTHOM IIpMjeMy Tpeba II0CeOHy MaXKby
fia 06paTy Ha 6OJIeCHNKE ca aKYTHO HaCTa/mMM (pOKaTHIM
HEeYPOJIOLIKIM fieUIIITOM, 3aTVIM Ha OHE Ca eMM30IHIM
nopemehajeM cBeCcTy ¥ eNWIENTHYKIM HANIAAMIMa, N3He-
HaJITHOM U jaKOM IJTaBO60/bOM, BPTOITIABUIIOM Vi Ky THIM
u/vmnm cy6baKyTHUM pa3BojeM CmaboCTy eKCTPEMUTETA.
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Taxobe, cBakor 6omecHuka ca Beh fujarHocTukoBaHUM
XPOHMYHVIM HEYPOIOLIKIM 000/berbeM Tpeba IIPUMUTI Y
6OJTHNITY YKOIMKO IIOCTOj) HAaI/Ia IPOrpecuja CUMIITOMA
60recTy WM YKOTIMKO Johe 1o I0jaBe HeCTabMIHNX BU-
TTHYX ITapameTapa [23]. 3a Kpaj, TabelapHo je mpuKa3aHo
10 Hajuenrhux rperaka Heyporora ca MOryhum MepuKo-
neranauM nocnenunama (Tabena 1).

3AKJ/bYYAK

Y 0BOM 4nIaHKY CMO IOKYIIa/IN Jja KPO3 COTICTBEHO NC-
KYCTBO MCTaKHEMO MECTO U YJIOI'y Heypojiora y TUMY
CYACKOMEIVIIMHCKUX BellTaKa U Ja UAeHTUPUKYjeMo
oHe 061acTi y GOpEeH3NYKOj MEAULIMHNA TTie je Iheropa
eKIepTusa of mpBopaspefHor 3Havyaja. CMaTpaMo fa
IIOCTOjY IIPOCTOP 34 jOII AHTAKOBAHMjUM IIPUCTYIIOM U
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Forensic neurology - the role of a neurologist in a forensic medical assessment
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SUMMARY

Forensic neurology is tasked with assessing the consequences
of injuries as applied to different situations that interface with
the law based on the understanding of nervous system func-
tioning and the mechanisms of neurological diseases. In this
article, based on our own experiences, we have tried to high-
light the areas of forensic medicine in which the findings and
the expert opinion of a neurologist were not only important,
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but also crucial for making fair judicial decisions. Our intention
was to encourage more efforts to establish and expand the
role of neurologists in certain areas, foremostly the expertise
of responsibility and accountability of a crime perpetrators, as
well as determining their processing ability.

Keywords: forensic neurology; forensic medicine; expert tes-
timony
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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 HasMBMMA, a UM U MECTO IIPON3-
Bobhaua Tpeba HaBecTN y 061MM 3arpagama. YKOIMKO ce
Y TEKCTY KOPMCTe O3HaKe Koje CY CIIOj coBa u 6pojesa,
IpeLM3HO HamucaTu 6poj Koji ce jaB/ba y CYNepCKpUIITY
wm cynckpunry (amp. Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITO yoOuyajeHo nuie KypsusoM (italic), Tako ce u
HaBopy, HIIp. rern (BRCAI).

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

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

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

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

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

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

IUTATUJAPU3AM. Ogp 1. janyapa 2019. rogune cBu
PYKOIIICH TIOfIBpTaBajy ce IpoBepy Ha IIarujapusam/
ayromnarujapusam npexo SClndeks Assistant — Cross
Check (iThenticate). PajoB1 Koz KOjuX ce JOKaxKe IIjIa-
rujapusam/ayTorarujapusam 6uhe ongbujenu, a ayTopu
CaHKIIMOHVICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpannum pykonmca
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, IpeTX0oJHO 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 CaxkeTKa 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 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha eHIJIECKOM
jesuxy. IIpeBoy ojMoBa 13 cTpaHe uTeparype Tpeba na
6yze y [yxy cprckor jesuka. CBe CTpaHe peyuu UM CUH-

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

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

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

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

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

JEOVUHWIE MEPA. [ly>xuHy, BUCUHY, TeXKMHY U 3a1pe-
MVHY U3paKaBaTV y MeTPUYKIM jeAVHMIIaMa (MeTap — 11,
kuorpam (rpam) — kg (g), miarap — ) Wy BUXOBUM JeJo-
BuMa. Temmeparypy uspaxasaru y cterrennMa Iensujyca
(°C), xomuuHy cyncraHie y Monuma (mol), a mpurucax
KpBM y MUIMMeTpPUMa XUBKHOT cTyba (mm Hg). Cse
pesynTare XeMaTONONIKNX, KITMHIIKNX ¥ OMOXeMMjCKIX
Meperba HaBOLUTHU Y MeTPUUIKOM CHCTeMy npema Meby-
HapofHOM cucTeMy jepuunna (SI).
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OBMM PAJTOBA. lJenokynHu pyKonuc 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.

YTAHAPUHA, IIPETIIVTIATA I HAKHAJIA 3A OB-
PALY YITAHKA. [la 6u pap 610 06jaB/beH y yacomucy
Cpiicku apxue 3a 1en0KyilHo 71eKapcitiéo, CBU ayTOPU KOju
Ccy nexapu wm cromatonosu 3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT IeKapCKOT PYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHa[y 3a o6pany
unaHaka (Article Processing Charge) y usnocy og, 3000 au-
Hapa. AyTOpu ¥ KOayTOpM U3 MHOCTPAHCTBA Cy Y 06aBesn
fla IIaTe HaKHaay 3a o6pany wiaHaka (Article Processing
Charge) y usHocy on 35 eBpa. YIiara y jefiHoj KayeHaap-
CKoj TopuHM 00yXBaTa M CBe HApE/IHe, eBeHTYaTHe YIaHKe,
IoCyIaTe Ha pasMaTpame y Toj rogyHu. CBI ayTopy Koju

IIaTe OBY HAKHA/[y MOTY, YKOJMKO TO JKeJle, Ia TPUMajy
MITaMIIaHO U3Jame Jacomuca. Tpeba HAIIOMEeHYTH Jja
OBa yIUIaTa Huje rapannuja fa he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenoKyiiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pajly YWIaHKa He OTHOCH
ce Ha CTyfIeHTe OCHOBHUX CTY/Vja J1 Ha IIPETIIaTHNKE Ha
Jacoruc.

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

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

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

3a cBe momaTHe MHpOPMaIVje, MOTIMO Jia ce obpaTuTe
Ha JloJie HaBefieHe afipece 1 6poj TenedoHa.
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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
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in order to evaluate the effects on health outcomes. The
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line of the Summary.
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written consent was obtained, according to the Declaration
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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.
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Medical Editors (WAME, www.wame.org) policy statement
on conflict of interest.
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SUMMARY. Along with the original article, preliminary and
short communication, review article, case report, article on
history of medicine, current topic article, article for language
of medicine and article for practitioners, the summary not
exceeding 100-250 words should be typed on the second
page of the manuscript. In original articles, the summary
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be typed in a separate paragraph using boldface. The most
significant results (numerical values), statistical analysis
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paragraph using boldface. In other types of papers, the
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KEYWORDS. Below the summary, 3 to 6 keywords or
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