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in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT

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
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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
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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-
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Submission of the manuscript implies that its publication has been approved
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Efficiency of calcium hydroxide removal techniques
from simulated internal root resorptions — in vitro
study
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SUMMARY

Introduction/Objective Calcium hydroxide (CH) is the medicament of choice in endodontic treatment
of internal root resorptions.

The aim of the study was to compare the effectiveness of three different techniques for CH removal from
simulated internal root resorptions.

Methods Twenty-nine extracted single-root teeth were prepared using NiTi rotary files of BioRaCe system
(40/.04) following irrigation. A round diamond drill was used in the making of a symmetrical standard-
ized internal resorptions 6 mm from the apex. Three techniques for CH removal from internal resorptions
were tested: modified conventional syringe irrigation (CSI), passive ultrasonic irrigation (PUI), XP-endo
Finisher (XP). Resorptive cavities and apical thirds were observed under a stereomicroscope (x45) and
scored (from 1 to 5), while representative samples were analysed by a scanning electron microscope.
Obtained results were statistically processed by Kruskal-Wallis and Mann-Whitney U-test (p < 0.05).
Results The most efficient system was PUI, with 66.7% of samples rated 1 and 33.3% rated 2. The next
one was XP, and the least efficient was CSI, with 33.3% of samples rated 1 (resorptive defect without
medicament). There was a statistically significant difference between the PUl and CSI systems (p < 0.05),
while there was no difference between the PUl and XP systems.

Conclusion No system completely removed the CH from the simulated internal root resorption cavities.
PUI was the most effective system for removing CH. The combination of techniques provides better
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performance in removing CH paste residues from the canal walls.
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INTRODUCTION

Internal root resorption is a pathological pro-
cess originating from pulp tissue that, as it
spreads peripherally, causes the loss of hard
dental tissues [1]. This process was described
for the first time in 1830 [2]. It is most often
caused by a trauma or an inflammatory process
[2, 3]. In most cases, this is an asymptomatic
process and is accidentally detected by a ra-
diograph on which it is presented as a sharply
limited and symmetrical round radiopacity cor-
responding to the widening of the root canal.
If there is no perforation and communication
with the periodontium, endodontic therapy
(biopulpectomy) is indicated [4]. The applica-
tion of a medicament is mandatory, as canal in-
strumentation and irrigation are not enough to
remove granulation tissue and resorptive cells
on its periphery [5]. Also, if necrotization and
infection of the pulp tissue occur, mechanical
instrumentation alone is insufficient for bac-
teria elimination from irregular spaces of the
root canal.

Calcium hydroxide is the medication of
choice in endodontic treatment of internal root
resorption due to its antibacterial, therapeutic,

regenerative and biocompatible properties and
has a beneficial effect on mineralization pro-
cesses [6]. Dissociated hydroxyl ions interfere
with the integrity of the bacterial membrane,
disrupting the flow of nutrients and destroying
phospholipids from unsaturated fatty acids [7].

The CH must be completely removed from
the root canal walls prior to the obturation in
order not to compromise the penetration of
the sealer into the dentinal tubules and to af-
fect the binding and physical properties of the
sealer, e.g., eugenol based or mineral trioxide
aggregate [7, 8, 9].

One of the most described techniques for
calcium hydroxide removal is conventional sy-
ringe irrigation (CSI) [10]. Many authors point
out the inefficiency of this technique [7, 9, 11,
12]. Due to the perceived shortcomings, like
the lack of medication on the walls, numerous
other techniques and instruments have been
developed to clean root canals more efficiently.
Some of these are as follows: passive ultrasonic
irrigation, XP-endo Finisher (XP), Canal Brush,
Rins Endo system, laser-activated irrigation
(PIPS), sonic and ultrasonic irrigation activa-
tion, Endo Vac system, Self-Adjusting-Files [4,
5,9, 13,14, 15].
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Passive ultrasonic irrigation (PUI) is based on the
transfer of sound energy to the irrigant. The 25-30 kHz
frequency activates the irrigant and creates cavitation
bubbles. Sound waves and/or energy-released cavitation
increase the penetration of irrigants into irregular spaces
[12]. The XP (FKG Dentaire, La-Chaux-de Fonds, Switzer-
land) is a NiTi nontapered instrument (size 25). At room
temperature it is straight (martensite phase), and at body
temperature it changes its shape into a unique spoon shape
(austenite phase) with a length of 10 mm from the top and
a depth of 1.5 mm, due to its molecular memory [15]. It
is designed for final cleaning and irrigation, especially for
ampoule dilated and irregular canals [9].

The aim of the study was to test the effectiveness of
three different techniques for calcium hydroxide removal
from simulated internal root resorptions.

The null hypothesis is that there is no statistically sig-
nificant difference in the efficiency of calcium hydroxide
removal from simulated internal resorption between the
CSI, PUI, and XP systems.

METHODS

This study used 29 single-rooted, single-canal, extracted
teeth. Research was approved by the institutional ethics
committee (No. 36/2, 25.02.2020). Round diamond burr
with water cooling was used to prepare access cavities and
instrument K# 15 was used for checking canal patency.
Working length, 1 mm shorter than the apex of the root,
was defined. All canals were prepared with BioRaCe (FKG
Dentaire) system with apical preparation of 40/.04, with
obligatory irrigation of 2% NaOClI after each instrument.
Final irrigation consisted of 5 ml of 2% NaOCl and 5 ml of
10% citric acid for a period of 1 minute and 5 ml of saline.
Samples were imprinted into a silicone impression material
(Elite HD + putti, Zhermack, Badia Polesine, Italy) in an
Eppendorf tube (Eppendorf AG, Hamburg, Germany). On
the approximate root surfaces longitudinal grooves were
made using a diamond disc with water cooling. The roots
were cut in half with a chisel and a hammer and a round
drill (0.08 mm deep and 0.16 mm in diameter) was used
in the making of standardized internal resorptions 6 mm
coronary from the root apex. Root halves were reassembled
with a dental adhesive (OptiBond Solo Plus, Kerr, USA)
and returned to silicone molds, after which all the canals
were filled with an aqueous suspension of calcium hydrox-
ide (except negative controls) and closed with temporary
filling Citodur hard (DoriDent - Dr. Hirschberg GmbH,
Wien, Austria). Samples were incubated in a humid envi-
ronment at 37°C for seven days. After seven days, the teeth
were randomly divided into three groups (n = 9), and a sin-
gle tooth was used for positive and negative controls. The
positive control tooth was filled with calcium hydroxide,
which was not removed, and the negative control sample
was not filled with medication.

Group I: CSI (modified) - medicament was removed
from the canal with hand instruments K # 15 to # 40 (mas-
ter apical file - MAF) with a syringe and an open tip needle
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irrigation 27G (Sinomedic, China). Total irrigation con-
sisted of 5 ml 2% NaOCl for a period of 1 minute.

Group II: PUI - ultrasound apparatus was used (PB-
323, W&H Dentalwerk Biirmoos GmbH, Biirmoos, Aus-
tria) — ultrasonic endodontic instrument was placed in
a canal, 1 mm shorter from the working length, without
contact with the canal walls. The irrigation was performed
in three series of 20 seconds each. Fresh irrigant was added
after each cycle. Total irrigant amount consisted of 5 ml
2% NaOCl for a period of 1 minute.

Group III: XP - the instrument is placed in a canal,
1 mm shorter from the working length, using X-smart
endo motor (Dentsply Sirona, Ballaigues, Switzerland)
with a rotation of 800 rpm and a torque of 1 Ncm. Gentle
brush strokes (up and down) were performed with the
instrument for 1 minute with constant irrigation, for a total
of 5 ml of 2% NaOCl for a period of 1 minute.

Finally, all groups were irrigated with 5 ml of 10% citric
acid for 1 minute. Irrigation of all samples was completed
with 5 ml of saline.

The teeth were halved again, and internal root resorp-
tions and apical thirds were observed on a stereomicro-
scope (Boeco BSZ-405, Boeckel + Co (GmbH + Co);
Hamburg, Germany) with an integrated digital camera,
at 45x magnification. Scopelmage 9.0 computer software
(Telescope, Linz, Austria) was used to display the images.
Representative samples of each group were analysed by
scanning electron microscope (SEM) (Tescan FE-SEM
Mira 3 XMU, Tescan a.s., Brno, Czech Republic) operated
at 20 keV. The samples were coated with atomic gold layer
using a sputter coater (Polaron SC503, Fisons Instruments,
Ipswich, UK).

Medication removal efficacy was evaluated according
to the methodology of Faria et al. [16] and Topguoglu et
al. [13] with five grades:

1 = clean internal resorption with only a few drug par-
ticles;

2 = several small agglomerates of medication;

3 = multiple medication agglomerates covering less than
50% of the internal resorption area;

4 = more than 50% of internal resorption is covered
with medication;

5 = internal resorption is completelly filled with medi-
cation.

Evaluation was performed by 3 objective observers.
Obtained values were statistically processed in Kruskal-
Wallis and Mann—-Whitney tests. A value of p < 0.05 was
considered statistically significant.

RESULTS

Results are shown in Table 1 and Figures 1-3.

Results of this study indicate that after passive ultra-
sonic irrigation, 66.7% of the samples were graded 1 and
33.3% of the samples were graded 2. After the conventional
drug removal technique with MAF with permanent irriga-
tion, 33.3% of the samples were graded 4, and 22.2% of the
samples were graded 5; 11.1% of the samples were graded
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Table 1. Sample ratings, depending on irrigation technique

Group n 1 2 3 4 5
Negative c. 1 1 0 0 0 0
Positive c. 1 0 0 0 0 1
PUI 9 6 3 0 0 0
csl 9 3 1 0 3 2
XP 9 3 2 2 2 0

PUI - passive ultrasonic irrigation; CSI - conventional syringe irrigation;
XP - XP-endo Finisher

Figure 1a. Stereomicroscope image of filling of internal resorption
cavity with Ca(OH), after conventional syringe irrigation; grade 5;
magnification 45x

2, and 33.3% of the samples were graded 1. For XP, 33.3%
of samples had a grade of 1, while other grades had 22.2%
each. A statistically significant difference was observed be-
tween the conventional drug removal technique and other
irrigation techniques (p < 0.05). There was no statistically
significant difference between PUI and XP (p > 0.05).

DISCUSSION

No technique has completely removed the CH paste from
artificial internal root resorption, which is in agreement
with the findings of numerous researchers [4, 5, 9, 13].
Also, the null hypothesis was rejected because PUI was
the most effective system for removing CH from resorp-
tive cavities as well as apical thirds. PUI and XP removed
the medication much more efficiently than CSI, with no
statistical difference between them.

Many studies have been published on the topic of CH
removal from the root canal system after inter-session
medication. Some of them have tested different irrigants
[8, 12, 17, 18], while others tested different irrigation sys-
tems [9, 10, 11, 13, 14, 19]. All highlight the great problem
of completely removing the medication from the walls,
especially from the apical third. Some authors point out
that 27% of the canal surface remains covered with CH,
while our earlier studies indicate that in some cases only
48% of the root canal surface is cleared of CH [11, 20].

Internal root resorption therapy is a real challenge and
one of the least successful endodontic procedures. Prob-
lems occur in almost every stage of endodontic treatment:
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Figure 1b. Scanning electron micrograph of resorptive lacuna com-
pletely filled with Ca(OH),
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Figure 1c. Scanning electron micrograph of dentin in the apical third
mainly covered with Ca(OH), crystals

during diagnosis, removal of the entire pulp content, pro-
fuse bleeding of the granulation tissue, possible root per-
foration, and preparation and obturation is difficult of the
canal due to irregular canal anatomy [9, 21].

The use of calcium hydroxide is essential in the end-
odontic treatment of internal root resorptions, as it pro-
motes control and elimination of infection. It affects the
processes of repair, remineralization and has antibacterial
effects on the remaining microorganisms. Numerous stud-
ies indicate a failure to completely remove the drug from

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):402-408
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Figure 2a. Stereomicroscope image of an empty internal resorption
cavity after passive ultrasonic irrigation; grade 1; magnification 45x

SEM HV: 20.0 kV WD: 9.75 mm
View field: 6.44 mm

SEM MAG: 34 x

MIRA3 TESCAN

Det: SE 2mm
Date(m/dly): 03/20/19

Figure 2b. Scanning electron micrograph of empty resorptive lacuna

the dilated portions of the root canal or resorptive lacunae.
[4, 5,9, 13]. Today, it is known that residual CH interferes
with hermetic, three-dimensional obturation and weakens
it. The residual CH disturbs the binding mechanisms of
different types of sealers and in the long run increases the
apical leakage between the canal walls and the sealer [8].
This is especially represented with zinc-oxide eugenol-
based sealers, where the newly formed calcium eugeno-
late alters its physical properties [8, 9]. Residual CH also
affects the penetration of epoxy resin-based sealer, more
so than calcium silicate-based sealer [8]. Also, there is no
agreement as to whether the cleansing effect is affected by
the type of vehicle in CH paste (distilled water, propylene
glycol, oil etc.) [6, 14, 22]. Chou et al. [11] point out as a
problem the viscosity of CH pastes with cellulose carri-
ers with respect to the aqueous suspension, as well as the
possibility that partial conversion of calcium hydroxide
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Figure 2c. Scanning electron micrograph of open dentinal tubules
in the apical third

to calcium carbonate has occurred over time due to the
reaction with carbon dioxide.

In this study, a round diamond burr was used to form
simulated internal resorptions that were thus round, stan-
dardized, with the same amount of medication. In addition
to the drill bit, artificial resorptions or grooves in the canal
are often prepared with ultrasonic instruments or diamond
discs [9, 13, 14, 15, 18]. However, internal resorption has
an irregular and usually oval shape, so Da Silveira et al.
[23] find it more similar to clinical conditions that the
root canal interior is treated with 5% nitric acid in order
to create simulated internal resorptions. Given that the ef-
ficacy of different methods of calcium hydroxide removal
was investigated, artificial internal root resorption of the
standardized form could not influence the evaluation of
irrigation techniques, although they did not represent the
complex physiological anatomy of the root canal. This is
confirmed by other authors [4, 9, 18].

Different methods of quantifying calcium hydroxide
residues have been described. Digital canal/resorption
image analysis is most used, using non-parametric rating
systems [5, 9, 18]. However, Phillips et al. [7] point out
that there are concerns regarding two-dimensional quan-
tification on uneven surfaces, so they propose chemical
microtitration techniques that use high-pH calcium hy-
droxide. SEM analysis, helical computed tomography (CT)
and micro-CT are also commonly used, but the problem
of accurate detection of residual CH with respect to root
canal tissue has arisen [4, 7]. The scoring system used in
this study has been used in many other studies [9, 13, 14,
16, 18]. Most of them used a 3- or 4-grade system. In this
study, a 5-rating system was used to describe in more detail
the amount of the residual medicament on canal walls/
resorption [16].
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Figure 3a. Stereomicroscope image of residual medication after irriga-
tion with XP-endo Finisher; grade 2; magnification 45x

For this research, teeth with a simple canal system were
used to examine the effectiveness of irrigation no matter
how complicated and complex the canal system was. The
crowns of the teeth were not completely removed to pro-
vide room for irrigant storage. Despite all these extenuating
circumstances for experimental purposes, no technique
completely removed the medicament from the canal walls,
which is also in agreement with other researchers [7, 24].

Passive ultrasonic irrigation has shown a high efficiency
in removing the CH paste from internal root resorption,
which is confirmed by the SEM findings where open den-
tinal tubules are observed. This is an effective way of re-
moving CH from canal walls, other researchers point out
[13, 14, 16, 18, 25]. Its effectiveness is reflected in the pen-
etration of irrigants into all spaces, which is achieved by
agitation of irrigants (acoustic waves and cavitation) [26].
With this technique it is important to constantly add new
amounts of fresh irrigant (intermittent protocol), because
the amount of residual CH is inversely proportional to
the volume of used irrigant [24]. In our study, along with
NaOC], citric acid was also used, as it was found that only
one irrigant was not sufficiently effective in removing the
smear layer and/or calcium hydroxide [13]. This has been
confirmed by previous research where PUI with both ir-
rigants was very effective, with an average of 88% of the
cleaned root canal walls [20]. Newer research underlines
activating chelating irrigants (ultrasonically agitated) with
PUI as very efficient [27, 28]. The combination of these
two irrigants produces optimal results with the appropriate
duration of irrigation, as well as the amount of irrigants
themselves [8, 13, 18, 29]. Irrigation lasted 60 seconds per
canal (3 x 20 seconds), as agreed by Gokturk et al. [14],
although Phillips et al. [7] point out that even 30 seconds
per canal is completely adequate time to remove CH.

The XP is presented as a very flexible instrument that
has a large amplitude of motion in the A-phase, which is
100 times larger than a “regular” instrument of the same
size, so it is recommended for inaccessible canals (FKG
Dentaire). Research indicates that it is very effective in
removing smear layers and dentin debris [13]. However, it
did not fully meet expectations in this research. The results
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Figure 3b. Scanning electron micrograph of open dentinal tubules in
the apical third, in places covered with Ca(OH),

varied. In some samples, the drug was completely removed
from internal root resorption, which is confirmed by the
SEM findings, and this is in agreement with the finding
of Keskin et al. [5], who state that XP is superior to other
techniques but not to PUL Its efficiency is the result of a
change in shape with respect to body temperature, thus
extending the cleaning effect by up to 6 mm in diameter.
However, there are samples (22.2%) where internal resorp-
tion is filled with medication, even more than 50% of the
resorptive lacuna. This finding is in agreement with the
findings of Wigler et al. [9], who obtained similar results,
and the efficiency of XP did not meet their expectations
either. The aforementioned finding can be explained by the
inappropriate amplitude of movement of the instrument,
which does not allow the penetration of the instrument
into all areas of internal resorption, or the time of 1 minute,
recommended by the manufacturer, is insufficient in CH
removal. Also, Bao et al. [15] point out that XP is much
more efficient when used with intermittent irrigation pro-
tocol, thereby cumulatively increasing the effect of NaOClL
Continuous irrigation was used in this study. However,
there is no statistically significant difference between XP
and PUI systems, as found by other authors [5, 9, 14]. CSI
has shown the worst results, which is in line with the find-
ings of numerous researchers [11, 14, 15, 16]. The tip of the
irrigation needle is positioned at least 1 mm shorter than
the working length, to prevent extrusion of the irrigation
via the foramen apical. In this way, large amounts of CH
remain on the canal walls in the apical third. Despite the
modification of the CSI, by introducing successive files
to the MAF, our results clearly showed the limitations of
mechanical instruments in irregular canal spaces.

Additional research is needed to test these and other
techniques in a complex root canal system.
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Efficiency of calcium hydroxide removal techniques from simulated internal resorptions - in vitro study

CONCLUSION

The null hypothesis was not confirmed. No irrigation sys-
tem completely removed calcium hydroxide from artificial
internal root resorption. Passive ultrasound irrigation has
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EpuKacHOCT TeXHUKA YKNakbatba KaNLMjyM-XMAPOKCMAA U3 CUMYAUPAHUX
MHTEPHUX pecopnumja KopeHa — in vitro ctypuja

Barba Onmaumnh-Tanuh', Hophe Berbosuh?, JeneHa Hewkosuh', BecHa Munowwesuh', Berbko Mnuh'

'YHuBep3utet y beorpapy, CromatonoLukm dpakyntet, KnuHuka 3a 6onecty 3yba, beorpag, Cpbuja;
2YHneepauTet y beorpagy, TexHonowko-meTanypLuki Gpakyntet, Katefipa 3a HeopraHcKy xemmjcky TexHonorujy, beorpag, Cp6uja

CAXETAK

YBop/Unm Kanunjym-xuapokcug (KX) jecte meamkameHT nsbo-
pa y eHJOBOHTCKOM NleYekby MHTePHYX pecopnuyja.

Linsb oBor paga je 61o ga ce npoBepu edprKacHOCT TpuW pas-
nnynTe TeXHUKe yKnamwama KX 13 cumynmpaHnx MHTepHMX
pecopnumja KopeHa.

MeTtope [1BageceT feBeT jefHOKOpeHMX 3yba je obpaheHo
npumeHom NiTi poTupajyhimx nHctpymeHata BioRaCe (40/0,04),
y3 npuraumjy. KopeHoBM Cy NOTOM 3aCeYeHU AnjaMaHTCKIM
AVICKOM Ha NlaTepasiHUM CTpaHama 1 [iJ1IeTOM MoAeSbeH Ha fiBe
nonosuHe. OKpYraMm AnjamaHTCKUM CBPANOM Cy CUMETPUYHO
Hanpae/beHe CTaHAapAM30BaHe MHTEPHE pecoprumje Ha 6 mm
op anekca. KopeHcke NonoBuMHe Cy 3aTUM CacTaB/beHe, a JIeHTY-
NOM je yHeT MeanKameHT KX. TecTupaHe cy Tpy TeXHUKe 3a YK-
natbarbe KX 113 MHTepHMX pecoprumja: MoandUKoBaHa KOHBEH-
umoHanHa npuraymja wnpuuem (KAL), nacueHa yntpassyyHa
npurauuja (MYW), XP-endo Finisher (XP). PecopnTBHN KaBUTETU

DOI: https://doi.org/10.2298/SARH2007 140290

1 anekcHe TpehurHe cy nocMaTtpaHu nog cCTepeoMUKPOCKONOM
(x45) n 6opoBaHu cuctemom of 1 1o 5, a penpe3eHTaTUBHM
y30pLm cy aHanu3vpaHu kopuiwhersem SEM. lobnjeHun pesyn-
TaTh Cy cTaTucTMUKK obpaheHn Kpackan-Bonncosum n Man-
ButHujeBum U-Tectom (p < 0,05).

Pesyntatu HajedurikacHuju cuctem 6o je MYW, ca 66,7% y30-
paka ouereHyx olieHoMm 1, a 33,3% oueHom 2. Cnegehn je 6vo
XP-endo Finisher, a Hajmatrbe edukacaH je 6no KL ca 33,3%
y30paKa ca oLileHoM 1 (pecopnTnBHY fedeKT 63 MeAnKamMeHTa).
CraTMCTYKM 3HaYajHa pasnnka noctoju usmehy cuctema MyU
1 KULL (p < 0,05), pok He noctoju usmehy cuctema My n XP.
3aksrbyvak HvjepaH cuctem Huije y NOTNYHOCTY YKITOHVO Mefu-
KaMeHT 13 CMYNMPaHUX MHTEPHIX pecopnuyja. KombuHaLmjom
TexHrKa 0b6e36ehyje ce 60/bY YUMHaK y yKnarakby 3a0CTanor
MefAVKaMeHTa ca 31fjoBa KaHara.

KrbyuHe peun: nHtepHa pecopnuuja KopeHa; upurauuja; yn-
Tpa3Byk; XP-endo Finisher
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Psychometric properties of North Macedonian
version of the Oral Health Impact Profile for
Edentulous Subjects
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SUMMARY

Introduction/Objective Dental patient-reported outcome measures are very important in a disease-
specific population such as edentulous subjects.

The aim of the study was to adapt the Oral Health Impact Profile for Edentulous Subjects (OHIP-EDENT)
in the cultural environment of North Macedonia.

Methods This study adapted the original 19-item version of the OHIP-EDENT. After the forward-backward
translation according to international standards, the OHIP-EDENT-MAC was psychometrically tested in
109 complete denture wearers.

Results The Cronbach’s a coefficient of 0.892 confirmed good internal consistency. Test-retest reliability
was confirmed by high intraclass correlation coefficient of the summary scores (0.986; 95% confidence
interval 0.968-0.993). The concurrent validity was confirmed by the Spearman’s rank correlation coef-
ficient (r = -0.654) between the OHIP-EDENT-MAC summary scores and a single question which rated
satisfaction with the existing removable dentures using a five-point scale (1 = unsatisfied, 5 = completely
satisfied). Construct validity was confirmed by exploratory factor analysis. All item loadings were above 0.4.
Items grouped in four factors (dimensions), which explained 66.25% of the variance, in both non-rotated
and rotated matrices. Good responsiveness was confirmed in 33 participants after complete denture
relining. Their OHIP Summary score (33.09 £ 11.61) decreased significantly (t = 7.68; df = 32; p < 0.001)
after treatment (24.39 £ 8). The standardized effect size was 0.75, representing moderate to large effect.
Conclusion The OHIP-EDENT-MAC showed satisfactory psychometric properties providing evidence for
its use in edentulous population of North Macedonia.

Keywords: OHIP-EDENT questionnaire; psychometrics; reliability; validity responsiveness; North Mace-

donia

INTRODUCTION

Edentulism is generally associated with ageing,
although one can keep one’s own teeth through-
out whole life. The rate of edentulousness dif-
fers between cultures and countries with a
trend to decline in rich countries due to invest-
ments and efforts in education on oral hygiene
maintenance and other preventive measures.
However, the prevalence of edentulousness is
still large, mostly in less developed countries
[1]. Moreover, the edentulism is not likely to be
greatly reduced in the near future as the aver-
age lifespan is increasing and the population is
generally growing older.

Oral health-related quality of life (OHRQoL)
has become an important part of patients’ well-
being and an important issue in dentistry as it
provides insight into a patient’s view of den-
tal problems or the provided therapy. Dental
patient-reported outcome measures can be as-
sessed by several psychometrically validated
questionnaires, the Oral Health Impact Profile
(OHIP) being one of the most frequently used.

The original 49-item OHIP was developed by
Slade and Spencer in 1994, and the items were
grouped (based on expert opinion) into seven
domains: functional limitation, physical pain,
physical limitation, psychological discomfort,
social limitation, and disabilities (handicap) [2].
To reduce time consumption and incomplete
answers of the 49-item OHIP questionnaire, a
shorter version consisting of 14 items was de-
veloped from the original version. However, a
disease-specific questionnaires are sometimes
more appropriate. Therefore, many question-
naires for disease-specific patients have been
developed in medicine and dentistry [3-7]. The
OHIP-EDENT with 19 items has been devel-
oped for a disease-specific population suffering
from tooth loss to enable measurement of the
impact of edentulousness and interventions by
conventional or implant-supported dentures in
the edentulous population [7].

Each questionnaire has to be adapted before
it can be used in other cultures and populations.
The translation has to be performed according
to accepted forward-backward process and the
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Table 1. North Macedonian version of the Oral Health Impact Profile for Edentulous Subjects (OHIP-EDENT) questionnaire

Elencevski S. et al.

Be mosiume 3aokpyxeme 20 coo0semHuom 6poj Ha ckasa o0 0 0o 4 3a cekoe npawadree Koe ce 00Hecy8a Ha npobieMmu co auiama npomemcka

paboma (sawama npome3a)0 — HUKo2aW; T — CKOPO HUKO2AWI; 2 — NOBPEMEHO; 3 — 4ecmo; 4 — MHO2y 4ecmo

=
o

OHIP-EDENT-MAC (NORTH MACEDONIA)

[lanu cte umane unu nMaTe NomewKoMuUU NPU Usakarbe Ha 6uso Koja xpaHa?

[Nanwu cte 3abenexane deka XpaHama ce jienu uJiu ocmadyea Ha npoTeTnYyKaTta Vl3pa60TKa (npOTesaTa)?

[lanv cTe 3abenexane feka BallTe npomesu He HasezHysaam fobpo?

[Nanw cte umane 6os1ku 80 ycmama?

[Oanu Bu 6uno unu Bu e HeydobHo (HenpujamHo) 0a jademe Hekoj 8u0 Ha XpaHa?

[lanu cte mane nnu nmarte 60J1KU 80 HeKoj 0es1 80 ycmama?

[Jann npome3zume 8u ce Hey0o6HU?

P IN O U W N =

[Nlanu cTe 3aepuxxeHu 3apaan npobnemmTe co NpoTeTUYKaTa M3paboTka (npoTesara)?

9. [anw cTe cgecHu 3a BawwaTa npoTeTnyKa n3paboTka (mpoTesa)? (Janu Bu e NocTojaHo BO NoTcBecTa?)

10. [lanu cte mopane fa usbezHysame 0a jademe oopedeH 8ud Ha xpaHa?

11. | Janu cTe 3abenexane fieka He Moxxeme 0a jademe HeKoja XpaHa?

12. | Banu cTe npekuHase 06pok 3apapm npobnemm co BallaTa NpoTeTmuka n3paboTka (npoTesa)?

13. | Danwu cTe 8o3HeMupeHu 3apaav npobiemuTe co NpoTeTudKata n3paboTka (nporesara)?

14. | Janu cTe ce yyscmayeasne HenpujamHo 3apaau NnpobnemMuTe co NpoTeTnYKaTa n3paboTka (MpoTtesata)?

15. | Qanu cTe uzbezHysase usnezysarse unu opyxeroe?

16. | Danwu cTe 6usie nomasnky moaepaHmHu cnpema 6padHuom opyaap usu Hekoj 4ieH 00 cemejcmaomo?

17. | Banu cTe 6une pasopasnusu cnpema opyeume (okosnuHama)?

18. [Nanv Bu ce cnyunno nomasky 0a yxxusame 8o Opywmaeo Ha opyau syée?

19. | MucnnTte nu aeka xusomom 8u Hyou nomasky 3adososicmsa?

translated questionnaire must be psychometrically tested [8].
In North Macedonia, the long version of the OHIP Instru-
ment has already been validated, but not the OHIP-EDENT
[9]. Therefore, the aim of the study was to adapt the OHIP-
EDENT in the cultural environment of North Macedonia.

METHODS
Subjects

A total of 109 fully edentulous subjects wearing complete
dentures (CD) were included in the study. They were con-
tacted by a telephone call and were asked to come for a
control examination of their dentures. Of 182 patients,
109 responded. All dentures were previously made by
undergraduate dental students under supervision of their
teachers, specialists of prosthodontics at the School of
Dentistry, Skopje, North Macedonia. The dentures were
between nine month and six years old. The participants
gave 19 answers using the OHIP-EDENT-MAC question-
naire and rated frequency of experienced difficulty in the
previous week. The responses of the OHIP-EDENT-MAC
questionnaire were rated using a five-point Likert’s scale
with the following answers: 0 — never, 1 - hardly ever, 2 -
occasionally, 3 - fairly often, 4 — very often. Higher scores
represented higher frequency of problems (more difficul-
ties) and lower scores represented less problems and bet-
ter OHRQoL. Zero represented absence of problems. All
participants had to sign a written informed consent before
being included in the study. The study was approved by the
Ethics Committee of the Faculty of Dentistry, University
of Skopje, and is in accordance with the ethical standards
of the Declaration of Helsinki.

‘ DOI: https://doi.org/10.2298/SARH200808020E

Translation

The forward-backward translation process of the OHIP-
EDENT questionnaire was performed from the English
language into the Macedonian language by two experi-
enced dentists with an excellent knowledge of the both
languages [8]. The backward translation was made by one
professional of the English language who was Macedonian
language native speaker. A native English language speaker
compared the original and the back-translated version and
agreed on the same meaning of the items. The Macedonian
version was further tested to check understanding of the
questions in 17 patients undergoing treatment with CD.
The OHIP-EDENT-MAC version is presented in Table 1.

Reliability

The internal consistency of the OHIP-EDENT-MAC was
tested by calculating Cronbach’s a coefficient (value > 0.7
was considered acceptable).

The test-retest reliability was assessed by calculating
intraclass correlation coefficients (ICC) based on the one-
way repeated-measures analysis of variance (ANOVA) for
the 27 CD wearers who filled in the OHIP-EDENT-MAC
Questionnaire twice with 14-18 days between the tasks.
The participants did not receive any dental treatment be-
tween the sessions.

Validity
Concurrent validity

The concurrent validity was assessed by calculating the
Spearman’s rank correlation coefficient between the

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):409-414
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OHIP-EDENT-MAC summary score and a single ques-
tion, which was given to participants at the same time
with the OHIP-EDENT questionnaire. In a single ques-
tion participants rated their satisfaction with the existing
dentures on a scale from 1 (completely unsatisfied) to 5
(completely satisfied).

Construct validity

The construct validity was assessed by exploratory factor
analysis (EFA). The eigenvalue of one was used for factor
extraction. The item loading higher than 0.4 was consid-
ered successful.

Responsiveness

Responsiveness is the ability of a questionnaire to detect
clinical changes elicited by a therapy. For that purpose, 33
participants complaining of loose dentures participated. A
specialist of prosthodontics checked flanges and trimmed
off excess material if it was present. After that, the dentures
were relined chairside using the self-curing resin (GC Hard
Reline, GC Corporation, Tokyo, Japan). During the pro-
cedure, the patients had to move lips, cheeks, and tongue,
and tap the teeth of the maxillary and the mandibular CD
together. That was repeated until the material set. After that,
the excess material was removed and the CDs were polished
in the dental laboratory. The patients were appointed for
check-ups for the adjustment of the relined dentures. Seven
to 15 days after completing all adjustments, the participants
filled out the OHIP-EDENT-MAC questionnaire again.
Paired t-test was made to analyze the significance of the
differences. The standardized effect size was calculated
with the following formula: mean (baseline OHIP-EDENT
score — follow up OHIP-EDENT) / standard deviation of
the baseline OHIP-EDENT score. According to Cohen, val-
ues < 0.2 were considered a trivial effect, 0.2-0.5 a small ef-
fect, 0.5-0.8 a moderate effect, and > 0.8 a large effect [10].

RESULTS

Participants in this study were CD wearers whose mean
age was 67.27 + 10.88 years, and 53.1% were females. The
description of the participants is shown in Table 2.

Reliability

The Cronbach’s a coefficient of the OHIP-EDENT-MAC
summary scores showed good reliability (a = 0.892), which
exceeded the minimum reliability standard of 0.7. The cor-
rected item-total correlations ranged from 0.309 (item 19)
to 0.716 (item 10). All items reached the recommended
minimum correlation of 0.2. Test-retest reliability was con-
tirmed by ICC calculation for the OHIP-EDENT-MAC
summary score, which was 0.986 (95% confidence intervals
ranged 0.968-0.993).

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):409-414

Table 2. Description of the participants

Variable Frequency
Sex
Male 45%
Female 55%
Smoking habits
Yes 46%
No 54%
Ability to live alone
Yes 96%
No 4%
Employment
Employed 11%
Retired or unemployed 89%
Education
Primary school 18%
Vocational school 42%
Secondary school 29%
University degree 11%
Validity
Concurrent validity

The concurrent validity was confirmed by the Spearman’s
rank correlation coefficient (r = -0.654) between a single
question about participants’ satisfaction with the existing
dentures (dentures were rated 1-5, higher scores repre-
sented higher level of satisfaction) and the OHIP-EDENT-
MAC summary score.

Construct validity

The Kaiser—-Meyer-Olkin measure of sampling adequacy,
which was 0.85, and the significance of the Bartlett’s test of
sphericity (approx. x> = 1120.76; p < 0.0001) demonstrated
sufficient values to perform the EFA. Factor loadings of
the Macedonian version of the OHIP-EDENT question-
naire are shown in Table 3, together with mean values,
standard deviations, corrected item-total correlations and
Cronbachss a if item deleted. All items had factor loadings
above 0.4. The smallest factor loading was 0.47 for item 2
(food catching), while the highest factor loading was 0.75
for item 7 (uncomfortable dentures). The EFA revealed
four factors (domains), which accounted for 66.25% of the
variance, in both unrotated and rotated matrices. Table 4
shows item distribution after the varimax rotation. Load-
ings with less than 0.1 are omitted from Table 4.

Responsiveness

In 33 participants who complained on loose dentures, the
dentures were relined chairside. Their OHIP Summary
score before treatment was 33.09 + 11.61, and dropped
down significantly after the treatment to 24.39 + 8
(t=7.68; df = 32; p < 0.001). The standardized effect size
was 0.75.
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Table 3. Item mean values and standard deviations, corrected item-total correlation,
Cronbach’s a if item is deleted, and factor loadings of the North Macedonian Oral
Health Impact Profile for Edentulous Subjects (OHIP-EDENT) questionnaire

Elencevski S. et al.

Questionnaire), the OHIP questionnaire
aimed specifically for edentulous subjects

SRR has pot been translated and validated yet [9].

T [ A high prevalence of edentulousness among
— E i Factor dults over 65 years old was found in North

Mean | SD | Item-Total | aif item loadings a : y

Correlation | deleted Macedonia, and, therefore, there was a need
1. Difficulty chewing 212 | 1.24 0.61 0.88 0.65 for cultural adaptation of the OHIP-EDENT
2. Food catching 161 | 1.1 041 0.89 0.47 questionnaire [11]. It was translated first into
3. Dentures not fitting 1.83 | 146 0.46 0.89 0.68 the Macedonian language (forward transla-
4. Painful aching 088 | 103 | 051 0.89 0.68 tion) and then back translated, according to
5. Uncomfortable to eat 199 | 1.24 0.64 0.88 0.61 the accepted standards. After one native Eng-
6. Sore spots 128 | 116 | 054 0.88 074 lish language speaker confirmed there were
7.Uncomfortable dentures 1.68 | 1.39 0.65 0.88 0.75 no significant differences in the meaning of
8. Worried 188 | 1.29 064 0.88 057 the back-translated questions, the clarity of
L 213 | 138 032 0.89 0.81 the items was discussed with edentulous pa-
10. Avoid eating 1.83 | 1.24 0.72 0.88 0.65 tients who were prescribed new CDs. They
11 Unable to eat 15 | 1.16 0.54 0.88 0.5 stated that it was easy to understand the
12. Interrupt meals 093 | 1.25 0.61 0.88 0.7 questions and to give answers. Therefore, it
13. Upset 183 | 1.27 067 0.88 0.71 was possible to continue with further pro-
ot e anon o
16. Less tolerant 031 | 068 | 055 0.89 0.68 OHIP-EDENT-MAC questionnaire. In fact,
17. Irritable with others 068 | 09| 035 0.89 0.64 the OHIP-DENT-MAC questionnaire showed
18. Unable to enjoy company | 0.83 | 1.07 0.33 0.89 0.67 gOOd 1nte.rnal COI?SIStenCY’ 1nd1cat1ng that. the
19. Life less satisfying 125 | 112 031 0.89 0.64 Macedonian version can measure the desired

Table 4. Item loadings in the Oral Health Impact Profile for Edentulous Subjects

questionnaire after varimax rotation

theoretical construct. Even when one of the
items was deleted, Cronbach’s a coefficient
remained satisfactory far above the value of

Rotated Component Matrix 0.7. Moreover, the corrected item-total cor-
i Component relations were well above the recommended
L Z B 4 level of 0.2. Reliability was also confirmed by
1. Difficulty chewing 0.751 0.278 high ICC of the OHIP-EDENT-MAC sum-
2. Food catching 0642 | -0.102 0.208 mary scores, pointing out a high degree of
3. Dentures not fitting 0.794 0.146 | -0.148 agreement when filling in the same question-
4. Painful aching 0.204 0775 0.174 naire on two separate occasions, without any
5. Uncomfortable to eat 0.696 0.287 0.190 treatment provided between them. A period
6. Sore spots 0.262 0509 0.127 of 14 days was considered long enough for the
“ Unco.mfortable dentures 0805 0308 participants to forget the questions from the
2' ZVT;”P'd - 0519 0.283 g'} z; 8’232 first completion of the questionnaire, similar
10: Aioizoer:tcirl:;us 0.686 0.268 0:287 m to the strategy of other studies [9, 12-15].

- — Concurrent validity of the Macedonian

11. Unable to eat all kinds of food 0.495 0.487 0.121 . . .
12 Interrupt meals 0379 T 0730 version qf the OHI'P—E.I?ENT ques.tlonnalre
13. Upset 0432 0514 0.107 0502 was ,conflrmed by §1gn1f1car.1t. negative Spear-
14 Embarrassed 0335 0677 0347 man’s rank correlation coefficient between the
15. Avoid going out 0.847 0.151 OHIP-EDENT summary scores and a degree
16. Less tolerant 0259 | 0601 | 0428 | -0.266 of satisfaction with dentures (the higher the
17. Irritable with others 0785 0112 | -0.103 degree of satisfaction with the dentures, the
18. Unable to enjoy company 0818 lower the OHIP-EDENT-MAC summary
19. Life less satisfying 20127 | 0767 0162 score was registered). Construct validity was

DISCUSSION

The need to culturally adapt a questionnaire when trans-
lated into another language has become very important,
especially in international multicenter studies focusing
on patient-reported outcome measures assessing self-
perceived OHRQoL. Although the adaptation of the
OHIP49 (questionnaire with 49 items) has already been
provided in the North Macedonia (the OHIP49-MAC

‘ DOI: https://doi.org/10.2298/SARH200808020E

confirmed by high item loadings. The EFA
analysis was used to assess the latent struc-
ture of the data. It identified only four domains, explaining
66.25% of the variability. None of the studies performing
EFA could not find the originally proposed seven domains
of the OHIP-EDENT, and concluded that the proposed
seven domains had actually been based on the expert’s
opinion [16]. However, Japanese version did not provide
EFA [17]. The items of the Macedonian OHIP-EDENT
questionnaire actually clustered around the domains de-
scribing masticatory function (factor 1, Table 4), pain
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(factor 3, Table 4), social impact (factor 2, Table 4), and
psychological impact (factor 4, Table 4). However, more
research will be necessary, even introduction of some
additional items focused on orofacial esthetics into the
OHIP-EDENT questionnaire to construct a new tool for
edentulous population which would fit into the recently
developed four-dimensional model of the oral health qual-
ity of life, together with the CFA [18, 19, 20].
Responsiveness of a questionnaire actually measures its
sensitivity in a changed environment (e.g., changes elic-
ited by a therapy). For that purpose, the dentures were
relined in patients complaining of loose CDs after thor-
ough examination of the respective dentures by a special-
ist of prosthodontics, who proposed and performed the
therapy. Seven days after the denture adjustments due to
sore spots had been completed, participants again filled
out the questionnaire. The summary scores, as expected,
dropped significantly, pointing out good responsiveness
of the Macedonian OHIP-EDENT version. The effect size
was 0.75, which represented a moderate effect. However,
even when the dentures fit better, the patients still have dif-
ficulties inherent to complete denture wearing [21, 22, 23].
It is well known that dental implant placement improves
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denture support and elicits much larger effect size than a
therapy which includes only a relining procedure [24-30].
The limitation of the present study may be in the fact that
only summary scores of the OHIP-EDENT-MAC ques-
tionnaire were analyzed. Each of the proposed seven do-
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the OHIP-EDENT-MAC found only four domains of the
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summary scores. Another limitation may be a diversity in
patients’ age and educational level, which also might have
influenced the self-reported outcome measures.

CONCLUSION

The evaluation of the psychometric properties of the Mace-
donian language version of the OHIP-EDENT showed sat-
isfactory cultural adaptation which provides evidence that
the OHIP-EDENT-MAC can be used for the assessment of
OHRQoL in edentulous population in North Macedonia.
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McuxomeTpujcKe KapaKTepUCTUKE CeBEPHOMAKE0HCKe Bep3unje yNuTHUKA Oral

Health Impact Profile 3a 6e3y6e naymjeHte

Cawo Enenyescku', Corba Anoctoncka?, Menua Cranuuh?, Carba Meplumnh?, Anekcangpa Monogalt?, MHec Kosaunh*, Acja Yenebuh*

'YHuBep3utet y Ckomsby, CromaTonoLukm ¢pakyntet, KnnHnka 3a npotetuky, Ckornbe, CeBepHa MakefoHuja;

YHusepauTet y Ckonsby, CromatonoLuku paxyntet, KnuHuka 3a pectaypatusHy ctomatonorujy, Ckorsbe, CeBepHa MakeoHuja;
YHusep3utet y beorpagy, Cromatonowwku dakyntet, KnuHuka 3a cromatonoLuky npotetuky, beorpag, Cpbuja;

*YHnBep3uTeT y 3arpeby, CromaTonolukm dpakyntet, KnuHnka 3a MobunHy npoteTuky, 3arpe6, XpBatcka

CAXETAK

YBoa/LUnm Mepera ncxoaa nevera y o6nactu keanureta
XKMBOTa MoBe3aHa ca OpaHVM 3[jpaB/beM Cy BEOMa BaXkHa,
HapounTo y cneundUYHUM Nnornynalrjama Kao LWTo cy 6e3y6m
nayunjeHTu.

Liumb ctyamje 6o je aa ce npunaroam MHCTPYMeHT Mpodun yTu-
Laja opanHor 3apassba (Oral Health Impact Profile — OHIP-EDENT)
y KyNnTypHOM OKpy»ketby CeBepHe MakepoHuje.

Metope Y cTyauju je agantupaHa opurMHanHa Bep3suja ynut-
HuKa OHIP-EDENT 3a 6e3y6e nauujeHTe og 19 nutatba. Y cknagy
ca mehyHapoaHUM CTaHAapAVIMa, HaKOH NPeBOAa Hanpeo-Ha-
300, yNUTHUK je MCMXOMETPUjCKM TeCTMpaH Koa 109 Hocvnaua
TOTa/HVX NpoTe3a.

Pesyntatu KoeduumjeHT KpoHbaxose ande og 0,892 nokasao
je Bobpy yHyTpaLutby KOH3UCTEHLUjy. TeCT-peTecT noy3aaHoCT
je noTBphHeHa BUCOKOM YHYTpaLUHOM KOpenawnjom yKynHor
ckopa (0,986; y3 95% nHTepBan noysgaHoctu 0,968-0,993).
KoHKypeHTHa BannaHocT je notepheHa CnvpmaHOBUM Kope-
nayuoHum KoeduupmjeHTom (r = -0,654) namehy yKynHor ckopa

DOI: https://doi.org/10.2298/SARH200808020E

TECTMPaHOr YNUTHUKA U jefHOT NiTakba KOjUM je OLieHeHO 3a-
[OBO/bCTBO NocTojehm npoTtesama Ha ckanm 1-5 (1 = He3ago-
BosbaBajyhe, 5 = motnyHo 3afoBosbaBajyhe). KoHCTpyKUMOHa
Ba/IMAHOCT je noTBpheHa nomohy ekcnnopatopHe aHanm3e dak-
Topa. OnTepehetbe cBUX NUTakba je 61no nsHag 0,4. Mutarba cy
Ce rpynucanay yetupu daktopa (AumeH3uje), LITO je objacHMNo
66,25% BapmjaHCe Kako Yy HEPOTUPAHNM Tako U Y POTUPAHUM
Matpuuama. [lobpa pecroH3nBHOCT je noTBpheHa kop 33 na-
LMjeHTa HaKOH Noanarakba ToTanHe npotese. bUXoB YKynHY
ckop ynutHuKa OHIP-19 (33,09 £ 11,61) 610 je 3HauajHO CMak-eH
(t=7,68; df =32; p <0,001) nocne TpetmaHa (24,39 + 8,0). CtaH-
papansoBaH edekat BennunHe je 61o 0,75, WTo NpefcTaB/ba
YMEpEeHH A0 BeNVKM edekar.

3akmyuak YnutHuk OHIP-EDENT-MAC nokasao je 3agoBosba-
Bajyhe NcuxomMeTpujcke KapaKTepucTMKe 1 nokasao moryh-
HOCT 3a heroBy yrnotpeby Kop 6e3ybe nonynauuje CeBepHe
MakepoHuje.

Kmbyune peun: ynutHuk OHIP-EDENT; ncuxomeTpuja; noyspaa-
HOCT; pecrnoH3nBHOCT BanuaHocTy; CeBepHa MakefoHuja
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SUMMARY

Introduction/Objective Prognostication of chronic lymphocytic leukemia (CLL) has been substantially
improved in recent times. Among several prognostic models (PMs) focused on the prediction of time to
first treatment (TTFT), progression-risk score (PRS), and MD Anderson Cancer Center score 2011 (MDACC
2011) are the most relevant, while CLL-International Prognostic Index (CLL-IPI), although originally de-
veloped to predict overall survival (OS), is also being used to estimate TTFT. The aim of this study was to
investigate CLL-IPI, PRS, and MDACC 2011 prognostic values regarding TTFT and OS.

Methods The analyzed cohort included 57 unselected Serbian CLL patients from a single institution,
with the basic characteristics reflecting more aggressive disease than in the general de novo CLL popula-
tion. The eligible patients were assigned investigated PMs, and TTFT and OS analyses were performed.

Results Patients with higher risk scores according to CLL-IPI, PRS, and MDACC 2011 underwent treatment
significantly earlier than patients with lower risk scores (p = 0.002, p =0.019, and p < 0.001, respectively).
In multivariate analysis, MDACC 2011 and CLL-IPI retained their significance regarding TTFT (p = 0.001
and p = 0.018, respectively), while PRS did not. CLL-IPI was the only significant predictor of OS both at
the univariate (p = 0.005) and multivariate (p = 0.013) levels.

Conclusion CLL-IPI, PRS, and particularly MDACC 2011 are able to predict TTFT even in cohorts with
more advanced-disease patients, while for prediction of OS, CLL-IPI is the only applicable among the
three PMs. These results imply that PMs should be investigated in more diverse CLL populations, as it is
in real-life setting.

Keywords: chronic lymphocytic leukemia; CLL-IPI score; progression risk score; MDACC 2011 score;
overall survival; time to first treatment

INTRODUCTION (PMs) have been developed. Forty years ago,
Rai and Binet staging systems were estab-
lished for risk stratification of CLL patients by

estimating tumor burden using only physical

Chronic lymphocytic leukemia (CLL) is the
most common leukemia of adults in Western

countries, affecting predominantly elderly
individuals with the median age of 72 years
at diagnosis [1]. Up to 80% of patients are
asymptomatic at the time of diagnosis, with-
out indication for treatment [2, 3]. However,
most of them will require therapy sooner or
later during their disease course, with various
outcomes, from refractoriness to long-lasting
remissions. Heterogeneity of the clinical course
of CLL stems from variability of clinical and
biological features of both leukemic clones and
hosts, which consequently imposes the need of
personalized treatment approach [4].

In an attempt to refine the prognosis for in-
dividual patients, different prognostic models

examination and complete blood count [5, 6].
Although they are easily applicable and widely
used, these staging systems do not reflect bio-
logical diversity of the disease, which limits
their accuracy in predicting the disease course
and outcome.

During the last two decades, a number of bi-
ological and genetic markers with major prog-
nostic significance in CLL have been discov-
ered, such as chromosomal aberrations (del13q,
dell17p, delllq, trisomy 12) mutational status
of TP53 and immunoglobulin heavy variable
(IGHV) genes [7, 8]. Some of them have been,
in combination with clinical variables, incorpo-
rated into different PMs aiming to predict time
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to first treatment (TTFT), response to particular therapies,
and overall survival (OS) [4, 9, 10].

Wierda et al. [11] and Gentile et al. [12] proposed PMs
that are able to identify patients with increased risk for
treatment commencement among early-stage CLL patients.
The former authors introduced MD Anderson Cancer
Center 2011 score (MDACC 2011), a nomogram involving
unfavorable cytogenetics (del11q and del17p), IGHV mu-
tational status, level of lactate dehydrogenase (LDH), size
of the largest cervical lymph node (LN) and the number of
enlarged LNs. These markers were combined in a complex
formula used to calculate the score value for each patient
[11]. The latter authors proposed the progression-risk
score (PRS), a simple multivariate model which stratifies
patients into three risk categories based on stage, absolute
lymphocyte count (ALC), serum B -microglobulin (,m),
and IGHV mutational status [12, 13].

Recently, the International CLL-IPI Working Group
introduced the International Prognostic Index for CLL
(CLL-IPI), which resulted from a comprehensive meta-
analysis of individual patient data, with the aim to predict
the overall survival [14]. Patients were stratified into four
risk groups (low, intermediate, high, very high) depend-
ing on the status of five variables: age, stage, §,m, IGHV
mutational status, and TP53 status (mutation of TP53 and/
or dell7p) [14].

All the mentioned PMs exert good discriminative power
between risk-groups regarding either TTFT, OS, or both
[14-22]. Even though CLL-IPI emerged as the most rel-
evant one, each of these PMs can be taken into consider-
ation depending on individual center’s best practice and
possibilities.

It is noteworthy that, for the purpose of TTFT predic-
tion, these PMs have been developed within the cohorts
of mostly early-stage patients [11, 12, 14]. Having in mind
that, at most centers, genetic analyses necessary for all
three scores are not being routinely performed at diagnosis
but prior to first therapy, it is of great importance to test
PMs in real-life settings [3, 23].

The objective of this study was to compare the prognos-
tic strength of CLL-IPI, PRS, and MDACC 2011 in a cohort
of CLL patients treated at a single institution.

METHODS
Study group

A total of 57 CLL patients diagnosed, treated, and followed
at the Clinic of Hematology, University Clinical Center
of Serbia, (Belgrade, Serbia) 2005-2018 were retrospec-
tively analyzed for parameters within CLL-IPI, PRS, and
MDACC 2011. All standard demographic, clinical, and
laboratory characteristics were determined at diagnosis,
while molecular and genetic markers were determined
during the period from diagnosis to first treatment.

The number of patients enrolled in this study was
limited by the availability of clinical and molecular data,
mainly due to the following reasons: 1) analyses of IGHV

‘ DOI: https://doi.org/10.2298/SARH201005047M
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mutational status, cytogenetic abnormalities and TP53
mutational status are being performed after setting the
indications for treatment, noting that IGHV and TP53
mutational analyses are still not being routinely done at
our institution; 2) some of the methods, such as determina-
tion of IGHV and TP53 mutational status, were introduced
in our institution in 2012 so, for the purpose of this study,
we performed these analyses retroactively in patients for
whom we had stored pretreatment blood samples.

Common cytogenetic abnormalities associated with
CLL (del13q, del17p, delllq, trisomy 12) were detected
by fluorescence in situ hybridization (FISH). The TP53
mutational status was determined as recommended in
Pospisilova et al. [24]. The IGHV mutational status was
analyzed as recommended in Ghia et al. [25].

All procedures performed in this study were in accor-
dance with the ethical standards of the Ethics Committee
of the University of Belgrade Faculty of Medicine,
Belgrade, Serbia (reference number: 29/XII-6) and with
the 1964 Helsinki declaration and its later amendments.
Informed consent was obtained from all individual par-
ticipants included in the study.

Scoring

In order to stratify patients according to CLL-IPI, 1 point
was assigned for age > 65 years and stage Binet B-C or
Rai I-IV, 2 points for f,m concentration > 3.5 mg/L and
unmutated IGHV, and 4 points for the presence of TP53
mutation and/or dell7p. Patients with score < 1 were de-
fined to be low-risk, score 2-3 intermediate-risk, score 4-6
high-risk, and score 7-10 very high-risk [14]. Thirty-eight
patients with complete data were assigned CLL-IPL

PRS was determined in 28/57 patients by scoring four
variables: 1 point for Rai stage I-II and 2 points for ALC
> 10 x 10°/L, elevated p,m, and unmutated IGHV [12].
Patients with Rai stage III and IV, and those with incom-
plete data could not be assigned PRS. Low (score 0-2), in-
termediate (score 3-5), and high-risk (score 6-7) patients
were defined by this PM.

MDACC 2011 score was determined in 42/57 patients
using the original formula from Wierda et al. [11].

Statistical analysis

Quantitative variables are expressed as medians with 25th-
75th percentiles. Categorical data are presented by absolute
numbers with percentages. Kolmogorov-Smirnov test was
used to assess the data distribution. TTFT was defined as
the time from the diagnosis to the first therapy line. Overall
survival was defined as time from diagnosis to death from
any cause or the last follow-up. The estimates and graphi-
cal presentation of TTFT differences were performed via
Kaplan-Meier approach. Univariate and multivariate Cox
regression analysis was used to identify predictors of TTFT
and OS. Variables significant in univariate analysis were
entered to multivariate analysis. Hazard ratio (HR) with
corresponding 95% confidence interval (CI) is presented
for all evaluated predictors. All statistical tests were two
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sided. Statistical analysis was performed using the SPSS
21.0 software (IBM Corp., Armonk, NY, USA). In all tests,
p value < 0.05 was considered statistically significant.

RESULTS
Description of the cohort

Median age at diagnosis was 56.5 years (range 38-75
years). The cohort consisted of 41 male and 16 female
patients (M:F = 2.6:1) and all of them underwent treat-
ment after the median TTFT of 5.5 months (range 0-71
months). All patients received fludarabine-based therapy,
47 of them (82%) in the first treatment line. The remaining
10 patients (18%) were treated in the first line as follows:
chlorambucil monotherapy (four patients), cyclophospha-
mide, vincristine, and prednisone (CVP) (four patients),
alemtuzumab (one patient), and splenectomy (one patient).
Opverall response rate to the first treatment line was 79%
(41% achieved complete response and 38% partial re-
sponse), and 21% were unresponsive (12% stable disease
and 9% progressive disease). After the first therapeutic line,
48 patients (84%) experienced disease progression, seven
patients (12%) remained in the first remission until the last
check-up or disease-unrelated death, and two patients (4%)
were lost after completion of the first therapy. During the
median follow up of 71.5 months (range 4-142 months),
14 patients (25%) were still alive, while 38 patients (67%)
died (five patients were lost to follow-up). Median OS was
77 months (95% CI 69-85 months). Cohort characteristics
are given in Table 1.

Assessment of risk

Patients were scored by CLL-IPI, PRS, and MDACC 2011
as described in the Methods section. Considering the fact
that there were no patients in the low-risk group accord-
ing to CLL-IPI and only two low-risk patients according
to PRS, for the purpose of TTFT and OS analysis, patients
were divided into two risk groups regarding these two
PMs: intermediate risk and high / very high risk by CLL-
IPI, and low/intermediate and high risk by PRS. In regard
to the MDACC 2011, the cohort was dichotomized by the
median score value of 53.6 (range 14.2-75). Proportions
of patients in each risk group are given in Table 2.

Prediction of TTFT by CLL-IPI, PRS, and MDACC 2011

Higher score values of CLL-IPI and PRS, as well as
MDACC 2011 > 53.6, were significant predictors of shorter
TTFT in the univariate analysis. Namely, an increase of
CLL-IPI and PRS by 1 score point increased the risk of
treatment commencement by approximately 1.4 times (HR
1.385;95% CI 1.121-1.710; p = 0.002 for CLL-IPI and HR
1.414; 95% CI 1.060-1.888; p = 0.019 for PRS). Cox re-
gression analysis identified MDACC 2011 as the strongest
predictor of TTFT (HR 1.046; 95% CI 1.020-1.073; p <
0.001) (Table 3).
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Table 1. Clinical and biological characteristics of chronic lymphocytic
leukemia patients

Characteristics Patients (%) Median (Q1, Q3)

Age 56.5 (52.2-65.7)
<50 9(16.1)

50-65 33(58.9)

> 65 14 (24.6)

Sex

male 41(71.9)

female 16 (28.1)

ALC (x10°/L) 38.9(16.1-83.9)
<10 5(10.4)

>10 43 (89.6)

Hemoglobin (g/L) 128 (114.5-144.5)
<100 7 (14.0)

> 100 43 (86.0)

Platelet count (x 10°/L) 174.5 (112-226.3)
<100 10 (20)

> 100 40 (80)

3,-microglobulin (mg/L) 39 (68.4) 3.98 (2.78-4.86)
LDH (IU/L) 47 (82.5) 383 (315-592)
Lymph node of maximal size (cm)

<5 41 (77.4)

>5 12 (22.6)

Rai

0 5(9.1)

1-2 38(69.1)

3-4 12(21.8)

Binet

A 18 (32.7)

B/C 37 (67.3)

CLL score*

3 1(2)

4 10 (20.4)

5 38(77.6)

CD38

Positive (= 30%) 19 (36.5)

Negative (< 30%) 33 (63.5)

Type of infiltration

nodular/interstitial 16 (32) 40 (40-58)
diffuse 34 (68) 80 (80-90)
IGHV

mutated 11(19.6)

unmutated 45 (80.4)

FISH

ﬁzlrlgglltrisomw 2/ 44(77.2)

delll1q 10(17.5)

del17p 3(5.3)

TP53

wild-type 48 (84.2)

mutated 9(15.8)

Q1 - quartile 1; Q3 - quartile 3; ALC - absolute lymphocyte count;

LDH - lactate dehydrogenase; IGHV — immunoglobulin heavy variable gene;
FISH - fluorescent in situ hybridization; CLL - chronic lymphocytic leukemia;
*Matutes score
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Table 2. Scoring of patients according to the CLL-IPI, PRS, and MDACC
2011

Risk assessment ‘ Patients (%) ‘ GfA*
CLL-IPI

Low /

Intermediate 15 (39.5) 15 (39.5)
High : 20(52.6) 23 (60.5)
Very high 3(7.9)

PRS

Low : 2(7.1) 1139.3)
Intermediate 9(32.1)

High 17 (60.7) 17 (60.7)
MDACC 2011

< median* 21 (50)

> median 21 (50)

CLL-IPI - International Prognostic Index for Chronic Lymphocytic Leukemia;
PRS - progression-risk score; MDACC 2011 — MD Anderson Cancer Center
2011 score;

*grouping for Kaplan-Meier analysis of time to first treatment and overall
survival;

#median score value of MDACC 2011 was 53.6

The ability of these three PMs to predict TTFT was also
tested by the Kaplan—-Meier method. The patients were
tirstly dichotomized regarding calculated risk across all
three examined PMs (Table 2). It was demonstrated that
median TTFTs in groups of higher risk of CLL-IPI, PRS,
and MDACC 2011 were three, six, and one month, respec-
tively, as opposed to median TTFTs in groups of lower risk
being 21, 38, and 20 months, respectively. The analysis con-
firmed a strong association between both PRS and MDACC

Mihaljevic B. et al.

2011 and treatment-free period (p = 0.007 for PRS and
p =0.001 for MDACC 2011), while CLL-IPI exhibited a
trend toward statistical significance (p = 0.074) (Figurel).

At the multivariate level, MDACC 2011 and CLL-IPI
emerged as the significant predictors of TTFT (HR 1.051;
95% CI 1.019-1.083; p = 0.001 and HR 1.493; 95% CI
1.071-2.083; p = 0.018, respectively), while PRS did not
show statistical significance (Table 3).

Prediction of OS by CLL-IPI, PRS, and MDACC 2011

CLL-IPI appeared to be a significant predictor of OS at the
univariate level (HR 1.405; 95% CI 1.110-1.778; p = 0.005),
PRS exhibited borderline significance (HR 1.473; 95% CI
0.997-2.177; p = 0.052), while MDACC 2011 was not sig-
nificant. Multivariate analysis emphasized CLL-IPI as the
only significant predictor of OS among three examined
PMs (HR 1.657; 95% CI 1.113-2.468; p = 0.013) (Table 3).

DISCUSSION

The anticipation of the disease course has emerged as one
of the main goals in the management of CLL and founda-
tion of personalized treatment approach. Baseline clini-
cal, biological and molecular characteristics of individual
patients are being used in different patterns in order to
predict the disease progression. With this aim, several
prognostic models (PMs) have been developed recently,
primarily for predicting TTFT and OS [9-12, 14, 26].
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Figure 1. Analysis of time to first treatment for patients stratified according to CLL-IPI (a), PRS (b), and MDACC 2011 (c); for the purpose of Ka-
plan-Meier analysis, the patients were grouped into two risk categories according to each prognostic model: CLL-IPI - intermediate vs. high /
very high (no patients in the low-risk group); PRS - low/intermediate vs. high; MDACC 2011 - the patients were dichotomized by the median
score value of 53.6;

(@) CLL-IPI: median TTFT for patients with intermediate risk was 21 months and for high / very high risk three months.

(b) PRS: median TTFT for patients with low/intermediate risk was 38 months and for high risk six months.

(c) MDACC 2011: median TTFT for patients with MDACC 2011 < 53.6 was 20 months and for patients with MDACC 2011 > 53.6 it was one month;
CLL-IPI - International Prognostic Index for Chronic Lymphocytic Leukemia; PRS - progression-risk score; MDACC 2011 - MD Anderson Cancer
Center 2011 score

Table 3. Cox regression analysis of the time to first treatment and the overall survival

Time to first treatment Overall survival
Score types Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
p HR 95% Cl p HR | 95%Cl p HR | 95%Cl p HR 95% ClI
CLL-IPI 0.002 | 1.385|1.121-1.710| 0.018 | 1.493 | 1.071-2.083 | 0.005 | 1.405|1.110-1.778| 0.013 | 1.657 | 1.113-2.468
PRS 0.019 | 1.414 | 1.060-1.888 / / / 0.052 | 1.473|0.997-2.177 / / /
MDACC 2011 | <0.001 | 1.046 | 1.020-1.073 | 0.001 | 1.051 | 1.019-1.083 | 0.167 | 1.019 | 0.992-1.047 / / /

HR - hazard ratio; CI - confidence interval; CLL-IPI - International Prognostic Index for Chronic Lymphocytic Leukemia; PRS - progression-risk score;
MDACC 2011 - MD Anderson Cancer Center 2011 score
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In this study, we analyzed a cohort of CLL patients from
a single institution for variables that constitute CLL-IP]I,
PRS, and MDACC 2011 PMs.

Regarding TTFT, our results confirmed high predictive
value of all three PMs, underscoring MDACC 2011 as the
most significant one. Patients from the analyzed cohort
with MDACC 2011 > 53.6 were treated one month after
diagnosis, while those with < 53.6 remained asymptomatic
for almost two years. It should be noted that the patients
included in our cohort exhibited more aggressive clinical
course than patients from the cohorts analyzed to date
regarding this issue. This aggressiveness is reflected in the
fact that our patients were predominantly of intermediate
and high risk according to the CLL-IPI and PRS. Also, a
median of MDACC 2011 in our cohort was 53.6, which is
considerably higher than that in the original MDACC or
other validating cohorts [11, 15, 27]. Moreover, the propor-
tion of patients with unmutated IGHV was 80%, higher
than in the general CLL population (45-65%) [11, 14, 28,
29, 30]. Hence, it is not surprising that all our patients
fulfilled criteria for treatment initiation after a median of
5.5 months, and most of them died during the median
follow-up of around six years. Along with considerably
younger median age at diagnosis in comparison with the
general CLL population, the cohort’s characteristics are
the consequence of the following issues: 1) the majority of
the patients were sampled for molecular and cytogenetic
analysis and/or for biobanking shortly before the first treat-
ment line, which made only patients with active disease
eligible for this study. Knowing that approximately 40% of
CLL patients never fulfill the criteria for treatment com-
mencement, we may speculate that these patients carry
favorable biological profile, while among those with active
disease, unfavorable molecular characteristics are to be
expected [31]; 2) as our institution represents the largest
tertiary hematology center in Serbia, to which patients
from the inner parts of the country are being referred as
they develop active disease, this consequently concentrated
patients with high tumor burden and more adverse biologi-
cal features. High proportion of patients younger than in a
typical CLL population is consistent with the data showing
that younger CLL patients carry more unfavorable biologi-
cal profile and experience shorter time to treatment [32].
Nevertheless, all three PMs analyzed in this study (CLL-
IPI, PRS, and MDACC 2011) predicted shorter TTFT in
higher vs. lower risk groups (three vs. 21 months, six vs. 38,
and one vs. 20, respectively). Multivariate analysis pointed
out MDACC 2011 as the strongest predictor of TTFT.

To the best of our knowledge, this is the second study
that made comparison between CLL-IPI and MDACC
2011 concerning TTFT prediction, after a comparative
study of five PMs by Molica et al [19]. In this research, the
authors demonstrated a slight superiority of PRS over four
other PMs, among which were MDACC 2011 and CLL-
IPI. When focusing on the comparison between MDACC
2011 and CLL-IPI, the result was in favor of MDACC 2011,
which is consistent with our findings [19]. In addition, this
study clearly showed that PMs defined by both clinical and
genetic parameters are more precise in predicting TTFT
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than those incorporating only variables that indicate tumor
burden [17, 21]. When comparing these PMs with regard
to TTFT, it should be noted that CLL-IPI was primarily
designed to predict OS in contrast to MDACC 2011 and
PRS, which were developed to estimate therapy-free period
[11, 12, 14]. Although MDACC 2011 and PRS have been
developed and validated within the cohorts of mostly early-
stage, asymptomatic CLL patients, our results suggest that
their use among patients with more advanced disease is
equally valuable. Of note, a novel PM named International
Prognostic Score for Early CLL (IPS-E) has been devel-
oped and externally validated recently [33]. It successful-
ly discriminates patients in early-stage CLL considering
TTFT using only three variables: IGHV mutational status,
ALC > 15 x 10°/L, and palpable lymph nodes. Smolej et al.
[34] even proposed modified IPS-E called AIPS-E contain-
ing IGHV mutational status, FISH, and ALC. These newest
PMs strongly support the use of combined biological and
clinical features in CLL prognostication.

Regarding overall survival, in our cohort CLL-IPI was
demonstrated to be a significant predictor of OS at both
univariate and multivariate levels, PRS showed borderline
significance only in the univariate analysis, while MDACC
2011 was not significant. As mentioned previously, PRS
and MDACC 2011 have not been originally designed for
prediction of OS and were developed within the cohorts
of patients not requiring treatment at the time of study
recruitment, while CLL-IPI was built upon participants
of prospective treatment trials, which included predomi-
nantly symptomatic patients [11, 12, 14]. However, bear-
ing in mind that similar clinical and genetic variables are
used for construction of all three PMs, the question arises
whether PRS and MDACC 2011 could also be used in es-
timating OS. Looking into variables of PRS and MDACC
2011, one can notice that three out of four variables of
PRS (stage, ALC, and ,m), and five out of six variables of
MDACC 2011 (dell1q, del17p, LDH, number of enlarged
LNs, and size of the largest cervical LN) may evolve from
the time of asymptomatic disease to the moment of the first
therapy. Taken that into account, and based on our results,
we speculate that MDACC 2011 is probably inapplicable
in terms of OS prediction. On the other hand, PRS showed
borderline significance with regard to OS, which implies
that in a modified manner (i.e., inclusion of patients with
advanced stage, higher threshold for ALC) PRS could be
investigated also in terms of OS prediction.

The main limitation of our study is the small number
of patients in the cohort, which challenges the reliability
of the results. Atypical age and prognostic data distribu-
tion in comparison with general CLL population repre-
sent one center experience which we used to show that
even in the circumstances of more aggressive features of
the disease, examined PMs may separate the patients in
need for immediate or very soon treatment from those
who will be stable and free of therapy for some period of
time. Nevertheless, studies on larger cohorts of patients
with a more aggressive disease profile need to confirm
these findings.

www.srpskiarhiv.rs

419



420

CONCLUSION

What is the purpose of anticipating TTFT in patients with
CLL? Earlier attempts to treat asymptomatic CLL patients
resulted only in extended event-free survival, without im-
pact on OS. However, the development of new targeted
therapies and their proven efficacy in high-risk patients,
along with the advances in risk stratification, reopened the
door for early interventional trials.

PMs consisting of both clinical and genetic variables
seem to be efficient enough to predict TTFT. In our cohort,
high CLL-IPI, PRS and particularly MDACC 2011 values
clearly designated patients who would experience short
TTFT, implying that they could be good candidates for
interventional treatment. Predicting TTFT will be crucial if
research on the early interventional trials in the era of nov-
el targeted drugs demonstrates survival benefit for inter-
mediate and high-risk patients. Until then, improvement
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of PMs by incorporation of new genetic markers remains
an achievable and realistic goal.
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CAXETAK

YBoa/Lium MporHo3a XxpoHnyHe numdouuTHe neykemuje (XJ1J1)
3HauajHo je yHanpeheHa y nocnegre Bpeme. Mehy Hekonmko
MPOrHOCTUYKIX MOAENa Ynju je Lysb npefsrhare BpemeHa Ao
npse Tepanuje (eHr. TTFT) n3aBajajy ce CKOp p13uKa og nporpe-
cuje (eHr. PRS) n ckop LleHTpa 3a pak MD Anderson n3 2011. rog,.
(eHr. MDACC 2011), BOK Ce MHTEPHALMOHANHN MPOrHOCTUYKM
nHpekc 3a XJU1 (enr. CLL-IPl), nako NpvMapHO YCTaHOB/bEH 3a
NPeAVKLMjY YKYNHOT NpexviBibaBatba (eHr. OS), o6po nokasao 1
y npegukumjn TTFT. Linrb oBor papa je Aa ce ncnuta 3Havaj nome-
HYTWX MPOrHOCTUYKYVIX Mofena y norneay npeasubatrba TTFT v OS.
Metope AHanvsnpaHa KoxopTa je obyxBaTina 57 HecenekTo-
BaHUX 6onecHuKa ca XJ1J1 YHNBEP3UTETCKOT KIMHUYKOT LIEHTPa
Cpbuje ca NpoCceYHO arpecnBHUjM NpodrIom 6onecTny ogHoCy
Ha onwITy nonynauujy de novo 6onecHuka ca XJ1J1. BonecHuum cy
oLerbriBaHN Npema HaBefieHM CKopoBuMa y3 aHanusy TTFT n OS.
Pesyntatu bonecHuum ca suwum BpegHoctuma CLL-IPI, PRS n
MDACC 2011 npummnnn cy npBy Tepanujy 3Ha4yajHoO paHuje y no-
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pehetby ca 601eCHNLIMMA Ca HIKNM BPeJHOCTMMA OBUX CKOPO-
Ba (p=0,002,p=0,0191p < 0,001, pegom). Y MyntmBapujaHTHoj
aHanusn, MDACC 2011 n CLL-IPI cy 3agp»anv NPOrHOCTUYKMN
3Hayaj y npepukumju TTFT (p = 0,001, ogHocHo p = 0,018), ok
je PRS oBaj 3Hauaj n3ry6uo. CLL-IPI je 610 jenuHu 3HauajaH npe-
aunktop OS y yHuBapwjaHTHOj (p = 0,005) 1 y MynTBapujaHTHO]
aHanu3u (p = 0,013).

3aksyuak CLL-IPI, PRS n Hapouuto MDACC 2011 cy nobpu npe-
AnKTopu TTFT YaKk 1y KoxopTama 6onecHrKa ca arpecMBHUjoM
6onewhy, ook je 3a npeankuujy OS of 0Ba TpY NMPOrHOCTUYKA
mogena CLL-IPI jegnHn npumeHbmB. OBU pe3ynTaTyi NoKasyjy
Aa 6u nporHocTyKe Mmogene Tpebano ncnmtaty Ha 6onecHu-
umma ca XJI1y pas3nuuutnm pasama 6onect, Kakem ce cpehy
Y peasiHoj KNMHWUYKOj MPaKCU.

KrmbyuHe peun: xpoHuyHa numoumnTHa neykemuja; ckop CLL-IPI;

cKkop PRS; ckop MDACC 2011; yKynHO NpexunBrbaBatbe; Bpeme
[0 npBe Tepanuje
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SUMMARY

Introduction Accumulation of middle molecular weight uremic toxins causes various complications in
chronic hemodialysis (HD) patients. Postdilution online hemodiafiltration (OL-HDF) efficiently removes
these molecules.

This study aimed to assess the effectiveness of three different dialysis membranes in removing .-
microglobulin (B,m) within a single session of postdilution OL-HDF.

Method A prospective single-center study was carried out in 30 patients (23 males and seven females,
average age 54.87 = 11.66 years, time on dialysis 4.95 + 5.4 years) on maintenance HD. Each patient
was followed for three consecutive weeks on OL-HDF with three different dialyzers: DiacapPro 19H, FX
CorDiax 800, and Elisio 21H, randomly switched weekly. The reduction ratios (RR) of ,m and albumin
were compared individually. The results were analyzed with the Kolmogorov-Smirnov test, ANOVA, and
the Kruskal-Wallis test.

Results The average convective volume for all patients was 21.38 + 2.97 L/session. B,-m RR was 70.86 +
6.87%, 74.69 + 6.51%, and 70.04 + 9.37% with Diacap Pro 19H, FX CorDiax 800 and Elisio 21H membrane,
respectively (p = 0.054). Albumin RR was 6.20 + 2.12% with Diacap Pro 19H membrane, 6.01 £ 2.97%
with FX CorDiax 800 membrane, and 6.46 + 2.91% with Elisio 21H membrane (p = 0.812). Albumin loss
was < 4 g/dialysis treatment for all membranes.

Conclusion All investigated membranes effectively remove 3,-m in postdilution OL-HDF with a tolerable
albumin loss. The highest 8,-m RR was determined for FX CorDiax 800 membrane, but with no statisti-
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cally significant difference.
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INTRODUCTION

End-stage renal failure patients requiring main-
tenance hemodialysis (HD) exhibit significant
retention of uremic toxins. Small, water-solu-
ble molecules, weighing up to 500 Da and not
bound to protein carriers are readily cleared
with HD. However, larger and/or protein-
bound uremic toxins are much more difficult
to remove [1]. The “middle molecules,” hav-
ing a molecular weight 500-60,000 Da, include
several cytokines, adipokines, growth factors,
and signaling proteins, such as interleukin-1p,
interleukin-6, interleukin-18, tumor necrosis
factor a, p,-microglobulin (,m), pentraxin-3,
YKL-40, and leptin. They have diverse bio-
logical roles and are associated with chronic
inflammation, cardiovascular disease, and
other complications in HD patients [1].
Microinflammation, malnutrition, and oxida-
tive stress are important non-traditional risk
factors for the development of atherosclerosis
and resistance to erythropoietin [1-5].
Conventional HD with high-flux mem-
branes has very limited efficiency in remov-
ing larger middle molecules [1]. Modalities

employing convective transport, such as online
hemodiafiltration (OL-HDF), enable enhanced
removal of large uremic toxins, thus achieving
cardioprotective effect and improving outcomes
for HD patients [6, 7, 8]. The efficiency of HDF
in middle molecules removal depends on the
overall convective volume (Vconv), which is
related to vascular access blood flow (Qavf),
effective blood flow (Qb), and membrane prop-
erties [6, 7, 8]. Contemporary HDF membranes
have a high ultrafiltration coefficient (Kuf > 40
ml/h x mmHg), sieving coefficient for f,m >
0.6, sieving coefficient for albumin < 0.01 to
prevent albumin loss over 4 g / 4 hour session,
internal capillary diameter > 200 pm and capil-
lary density per surface area > 11,000 allowing
for dialysate flow (Qd) of 400-500 mL/min-
ute [6, 7, 8]. Vconv represents the sum of the
substitution volume and the net ultrafiltration
volume achieved to correct extracellular fluid
overload. Vconv target should be > 22L per
dialysis session to achieve a convection dose
target [6, 7, 8].

In clinical practice, the efficiency of HDF
treatment in clearing middle molecules is as-
sessed by determining serum ,m levels before
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and after the procedure. B m is a water-soluble polypep-
tide, made of 99 amino-acid residues, with a molecular
weight of 11,815 Da. Its plasma levels increase with age in
healthy individuals related to the physiological decrease
in glomerular filtration rate over 50 years of age. The sub-
stance was first discovered some 50 years ago after being
isolated from the urine of patients with tubular proteinuria
due to chronic cadmium poisoning [9]. Nevertheless, its
significance in dialysis patients was only acknowledged 15
years later, when it was isolated as a major component of
the amyloid substance in dialyzed individuals, predomi-
nantly targeting the cartilage of osteoarticular tissue [10].
The incidence of dialysis-related amyloidosis increases
with patients’ age and longer dialysis vintage. The Japanese
Society for Dialysis Therapy recommends achieving maxi-
mum predialysis serum 3,m concentration < 30 mg/L, but
preferably < 25 mg/L to attenuate the development of this
condition [11]. Also, B,m seems to be significantly associ-
ated with mortality in maintaining HD patients [12].
This study aimed to assess the effectiveness of three
different dialysis membranes in removing the middle mol-
ecule uremic toxin, $,m, with postdilution OL-HDE

METHODS

This prospective, single-center study was carried out
among 30 patients treated with maintenance postdilu-
tion OL-HDF at the Center for Nephrology and Dialysis,
Kragujevac University Clinical Center. The study was
conducted according to the Declaration of Helsinki and
approved by the Ethics Committee of the Kragujevac
University Clinical Center (Decision No 01-20-765). All
the patients gave their informed consent for participation.

All the patients were receiving regular maintenance
HDF program on Fresenius 5008S (Fresenius Medical
Care, Bad Homburg, Germany), Gambro Artis (Baxter
Gambro Dasco S.p.a., Medolla, Italy) and B. Braun Dialog+
(B. Braun Avitum AG, Melsungen, Germany) machines
with controlled ultrafiltration, thrice weekly, with routine
dialysis parameters: dialysis time four hours, dialysis buffer
with bicarbonate, Qb range 257 + 18.65 mL/minute and Qd
of 500 mL/minute. Blood flow and Qd were not changed
for any patient throughout the follow-up. The standard
ultrapure dialysis fluid (bacterial count < 0.1 CFU/L and
endotoxin content < 0.03 EU/mL) was used with dialysate

Table 2. Characteristics of investigated membranes

temperature set at 37°C and sodium level of 140 mmol/L,
potassium 2 mmol/L, magnesium 0.5 mmol/L, and calcium
1.25 mmol/L, 1.5 mmol/L or 1.75 mmol/L. The average
Vconv was 21.38 + 2.97 L per dialysis session (Table 1). All
the patients were dialyzed through an arteriovenous fistula.
The anticoagulation used was heparin sodium at an aver-
age dose of 4508.32 + 541.92 IU per HDF session. Orders
for anticoagulation type, dosage, and administration regi-
men (bolus injection and continuous infusion) remained
unchanged. The patients received treatment with different
erythropoiesis-stimulating agents (epoetin-a, epoetin-p,
darbepoetin-a). All the patients were anuric with a diuresis
of < 50 mL/day. Patients with an active infection, current
bleeding issue, or on immunosuppressive therapy were not
included in this investigation.

Table 1. Dialysis-related parameters in the investigated population

Variable Mean + SD
Qnuf (mL/min) 11.74+39
Qsubs (mL/min) 80.64 + 14.2
Qconv (mL/min) 92.37 £13.39
Vsubs (L) 18.58 + 3.2
Vconv (L) 21.38+2.97
FF (%) 365
Qb (mL/min) 257 +£18.65

Qnuf - net ultrafiltration rate; Qsubs — substitution flow rate;
Qconv - convective flow rate; Vsubs - substitution volume;
Vconv - overall convective volume; FF - filtration fraction;
Qb - effective blood flow

Each patient was followed for three consecutive weeks
during which three different dialyzers — DiacapPro 19H (B.
Braun Avitum), FX CorDiax 800 (Fresenius Medical Care)
and Elisio 21H (Nipro Corporation, Osaka, Japan) — were
switched on a weekly basis. The technical characteristics of
each membrane are presented in Table 2 [13, 14, 15]. Thus,
each patient underwent three consecutive treatments with
each dialyzer in a randomly assigned sequence. Dialyzer
setup and preparation involving a pre-rinsing were done
per the clinic’s standard operating procedure. All the dia-
lyzers were pre-rinsed in the same manner.

Blood was collected on mid-week dialysis before and
after the treatment. Serum ,m and albumin concentra-
tions were determined by the turbidimetric method on the
Beckman Coulter AU680 chemistry analyzer. The refer-
ence range for B,m in healthy adults with this method is
0.97-1.84 mg/L and the optimum target predialysis $,m

Characteristic Diacap Pro 19H FX CorDiax 800 Elisio 21H
Composition a Helixone plus Polyethersulfone
Surface (m?) 1.9 2 2.1

Kuf (mL/h/mmHg) 97 62 76

Capillary wall thickness (um) 37 35 40

Internal capillary diameter (um) 200 210 200
B,-microglobulin SC 0.7 0.900 0.8

Albumin SC < 0.001 0.002
Sterilization method Gamma rays Steam Gamma rays
Manufacturer B. Braun Avitum AG, Germany | Fresenius Medical Care, Germany Nipro Corporation, Japan

Kuf - ultrafiltration coefficient, SC - sieving coefficient
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serum level in dialyzed patients is < 25 mg/L. The serum
albumin reference range is 35-57 g/L. B,m reduction ratio
(RR) was calculated from the following equation: RRﬁZm
(%) =11 - (Cpost/Cpre)] x 100; where Cpre stands for B, m
level before and C_ for p,m level after the predilution
OL- HDF session [16]. Serum albumin concentration
after OL-HDF session was calculated from the following
formula: AlbuminpoSt = C,, post/{1 + [(UF)/0.2 x (BWPre
- UF)]}, where C ; is measured serum albumin concen-
tration (g/L), UF is net ultrafiltration achieved during the
particular dialysis session (L / 4 hours), and BW__is mea-
sured body weight before dialysis (kg) [16]. Albumin RR
was determined from the equation: RR |, =[1 - (Cpost/ Cpre)]
% 100, where C__is serum albumin concentration before
dialysis (g/L) and C_ is serum albumin concentration
after dialysis (g(L) [16].

Ferritin and C-reactive protein (CRP) serum levels were
determined on the Beckman Coulter AU680 apparatus.
The reference range for ferritin in maintenance HD pa-
tients is 100-500 ng/mL. CRP was expressed as an aver-
age from two consecutive monthly measurements with a
normal value being < 5 mg/L and level > 5 mg/L signified
the presence of microinflammation. Intact parathyroid
hormone (iPTH) in serum was determined using the
immunoradiometric assay on WALLAC WIZARD 1470
Gamma Counter (GMI, Ramsey, MN, USA). The normal
range for iPTH is 11.8-64.5 pg/mL, and the upper limit for
maintenance HD patients is 675 pg/mL [17]. Prealbumin
and transferrin levels were determined with an immuno-
turbidimetric method on the Abbott Architect machine.
The normal results for a prealbumin blood test in hemo-
dialyzed adults are > 0.3 g/L.

Normalized protein catabolic rate (nPCR) was calcu-
lated from the formula: nPCR = (PCR x 0.58)/Vd, where
PCR is protein catabolic rate, Vd is body fluid volume. PCR
was determined from the equation: PCR = [(9.35 x G) +
(0.29 x Vd)], where G stands for an interdialytic rise in
urea, which is established from the formula G = [(C1 - C2)/
Id] x Vd, where C1 and C2 denote pre- and post-dialysis
urea concentrations (mmol/L) and Id - the time between
the two dialyzes (h). Body fluid volume is calculated as
Vd = 0.58 x DW, where DW is dry body mass, i.e., patients’
body mass after stable dialysis (kg) [18].

Interdialytic weight gain (IDWG) was calculated as the
patients’ weight at the beginning of each HD session minus
the weight after the previous HD session, divided by the
nephrologists’ determined dry weight (%).

Dialysis adequacy was assessed based on the single pool
Kt/V index calculated according to the Daugirdas’ second-
generation formula: Kt/Vsp = -In(C,/C, - 0.008 x T) +
(4 - 3.5 x C/C,) x UF/W, where C, and C, are pre-post
dialysis urea levels (mmol/L), T is dialysis duration (h),
UF - ultrafiltrate removed (L), and W body weight after
HD (kg). According to the K/DOQI guidelines, the target
Kt/Vspis > 1.2 [18].

The urea reduction ratio (URR) was calculated from the
formula: URR = (1 - R) x 100%, where R is the difference
between pre- and post-dialysis urea serum concentration.
URR target range for adequate dialysis is 65-70% [18].

‘ DOI: https://doi.org/10.2298/SARH210329048N
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Arteriovenous fistula blood flow (Qavf) was measured
with color Doppler ultrasound examination on a LOGIQ
P5 machine (GE Healthcare, Chicago, IL, USA), with a
7.5 MHz probe. The reference range for adequate blood
flow is 500-1000 mL/minute.

The data were analyzed by the Kolmogorov-Smirnov
test, ANOVA, and Kruskal-Wallis test, using the SPSS
Statistic for Windows, Version 25.0 (IBM Corp., Armonk,
NY, USA) for statistical analysis.

RESULTS

The study population consisted of 23 males and seven fe-
males with an average age of 54.87 + 11.66 years, an aver-
age time on dialysis of 4.95 * 5.4 years, average body mass
index of 23.49 + 3.75 kg/m? and average dialysis adequacy
index (spKt/V) of 1.41 £ 0.25 (Table 3). The etiology of
end-stage renal disease was nephroangiosclerosis in 11
patients (36.66%), chronic glomerulonephritis in seven
patients (23.32%), polycystic kidney disease in four pa-
tients (13.34%), and diabetic kidney disease, obstructive
nephropathy, and unknown chronic nephropathy in one
patient each. The comorbidities included hypertension
(21 patients; 70%), hypertensive cardiomyopathy (seven
patients; 23.32%), dilatative cardiomyopathy (one pa-
tient; 3.34%), and complications of diabetes mellitus (one
patient; 3.34%). Mean serum indicators of anemia, iron
status, microinflammation, malnutrition, and secondary
hyperparathyroidism are presented in Table 4. The patients
had well-controlled blood pressure and did not exceed the
recommended values of IDWG.

Table 3. General patients’ data

General patients’ data Mean + SD
Number 30

Sex (M/F, %) 23/7 (76.66/23.34)
Age (years) 54.87 +11.66
Time on dialysis (years) 495 +54
Body mass index (kg/m?) 23.49+3.75
Systolic arterial blood pressure (mmHg) 128 £8.72
Diastolic arterial blood pressure (mmHg) 7732 +5.12
Mean arterial blood pressure (mmHg) 94.22+53
Dry body weight (kg) 71.82+12.54
Interdialytic weight gain (kg) 2.35+0.94
IDWG as a percentage of dry body weight (%) 3.44 +1.58
Ultrafiltration rate (mL/h) 587.5+235.2
Ultrafiltration rate per body mass (mL/kg/h) 8.57 +3.92
Vascular access blood flow rate (ml/min) 936 + 460.9
Single pool Kt/V 1.41+0.25
Urea reduction ratio (%) 69.41 £ 7.06

IDWG - interdialytic weight gain

Twenty-one patients (70%) had predialysis serum 3,m
level < 30 mg/L. Among them, 11 patients (36.67%) had
predialysis serum 3,m level < 25 mg/L. The average RR of
B,m was 70.86 + 6.87% with Diacap Pro 19H membrane,
74.69 £ 6.51%, with FX CorDiax 800 membrane, and
70.04 £ 9.37% with Elisio 21H membrane. No statistically
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significant difference (p > 0.05) was observed between
these values (Table 5).

Table 4. Laboratory parameters in the investigated population

Laboratory parameters Mean + SD
Hemoglobin (g/L) 101.2+7.06
Hematocrit (%) 30.45+1.78
Iron (m 11.2+£55
TSAT (%) 33.52+15.2
Ferritin (ng/mL) 568.42 + 267.85
Transferrin (g/L) 1.6+04
iPTH (pg/mL) 220.22 +£189.45
Total protein (g/L) 66.57 +3.02
Albumin (g/L) 39.77 £ 2.64
Prealbumin (g/L) 0.34 +0.09
Uric acid (m 368 + 68.72
C-reactive protein (mg/L) 457 +5.48
nPCR (g9/kg/24 hours) 2+06

TSAT - transferrin saturation; nPCR - normalized protein catabolic rate;
iPTH - intact parathyroid hormone

Table 5. B -microglobulin reduction rate, serum albumin decrease, and
albumin reduction rate within a single post-dilution OL-HDF session

Membrane type
Variable Diacap Pro | FX CorDiax L p
19H 300 Elisio 21H
RR-B,M (%) 70.86 £ 6.87 | 74.69 £ 6.51 | 70.04 £ 9.37 | 0.054
A salbumin (g/L) | 2.5+0.92 24+1.28 26+1.2 0.746
RR-albumin (%) 6.2+212 | 6.01£297 | 6.46+291 | 0.812

RR - reduction rate; A - difference between pre-and post-dialysis levels;
s —serum

All the patients had post-dialysis serum albumin con-
centration > 35 g/L. The average decrease in serum albu-
min level after OL-HDF with Diacap Pro 19H, FX CorDiax
800, and Elisio 21H membranes was 2.5 + 0.92 g/L,
24 +1.28¢g/L,and 2.6 + 1.2 g/L respectively. RR of albumin
with the same membranes was 6.2 + 2.12%, 6.01 £ 2.97%,
and 6.46 + 2.91%, respectively. No statistically significant
difference (p > 0.05) was observed in neither of these pa-
rameters between different dialyzers (Table 5).

DISCUSSION

Cardiovascular diseases are the leading cause of death in
patients on maintenance HD. Uremic toxins, altered endo-
thelial function, chronic microinflammation, malnutrition,
oxidative stress, resistance to erythropoietin, and anemia
are the major non-traditional risk factors for the develop-
ment of cardiovascular complications in this population
[19, 20]. Early detection and optimal control of these is-
sues seem to play a key role in preventing cardiovascular
co-morbidity in HD patients [21]. In recent years, direct
cardiotoxicity of uremic toxins has been increasingly dem-
onstrated, while a reduction in middle molecule retention
appears to be independently associated with decreased risk
of mortality [22].

B,m is a prototype of middle molecules, commonly
used as a representative marker of this group of molecules
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retention and removal. Its concentration notably increas-
es in end-stage renal failure and may cause the develop-
ment of dialysis-related amyloidosis [23, 24]. The target
B,m predialysis level of < 30 mg/L was met in 70% of our
study population, while 36.67% even had predialysis f*m
level < 25 ml/L [11, 23-26]. The highest B, m removal rate
in our study population was achieved with FX CorDiax
800 dialyzer, even though the difference was not statisti-
cally significant. This advantageous performance can be
explained by the FX CorDiax membrane characteristics
which have a higher sieving coefficient compared to the
other investigated membranes.

Previous studies have demonstrated that the average
B,m removal rate ranges 50-60% with regular high-flux
HD, to 70% with medium cut-off membranes, to 80-85%
with high volume (Vconv > 22 L / dialysis session) post-
dilution OL-HDF [23-26]. Somewhat lower f,m RR
achieved with post-dilution OL-HDF in our study popu-
lation, ranging 70.04-74.69%, can be explained by lower
than average Vconv and Qb in our study population (Table
1). High Vconv is the key factor for efficient removal of
middle molecules with high volume online post-dilution
and patients with Vconv < 22 L per dialysis session have
significantly lower Qb and higher filtration fraction
compared to patients with higher Vconv. Nevertheless,
in clinical practice, Vconv > 22 L per session is attain-
able in only around 75% of patients. In our study popula-
tion, 50% of the patients achieved Vconv > 22 L, while an
overall of 66.67% had Vconv > 20 L per dialysis session.
Optimization of overall Vconv depends on patient-related
factors, such as hematocrit and serum total protein level, as
well as on dialysis-related determinants, including Qb, type
of dialysis machine, and dialysis session length [27, 28].
The target Qb should be > 350 mL/minute and it depends
on Qavf and the diameter of dialysis needles. A mature
fistula should have a blood flow rate greater than 600 mL/
minute and some of the patients in our study group failed
to fulfill this criterion due to poorly functioning fistulas,
thus affecting the possibility to achieve target Qb [28].
High hematocrit and high total serum protein may in-
crease filtration fraction and decrease the overall Vconv;
however, this was not the case in our study population. In
addition to these factors, achieving and maintaining target
Vconv also requires continuous education and training of
medical staff [28].

The lowest albumin loss during the HDF session in
our study group was demonstrated with FX CorDiax 80
dialyzer. The advertised membrane characteristics for this
dialyzer present a lower sieving coefficient for albumin
compared to Elisio 21 dialyzer (Table 2). Nevertheless,
all the patients in this study had albumin RR < 11%,
accounting for a tolerable albumin loss of < 3.5 g per
four-hour dialysis session. Furthermore, all the patients
had post-dialysis serum albumin level > 35 g/L. Even
though HDF provides better clearance of middle mol-
ecules than conventional dialysis, thus possibly improving
survival, OL-HDF can lead to an increase in albumin
loss across the dialyzer, especially with high permeability
membrane and high Vconv, which can eventually lead to
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malnutrition [29, 30]. It is therefore important to note
that none of the patients in our study developed hypo-
albuminemia.

CONCLUSION

All investigated membranes effectively remove middle-
molecular-weight uremic toxins with acceptable albumin
loss. The highest removal rate of ,m and the lowest al-
bumin loss was achieved with FX CorDiax 800 dialyzer.
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YKnarare 6eta-2 MMKpornobyamHa nocTauNyLMOHOM OHAAjH
xemogujapuntpaymjom — npoueHa epUKaCHOCTU TPU pasnnuduTe gujanusHe

membpaHe

Mapko HeHagosuh', [lejaH MeTpoBuh'?, JacHa TpbojeBuh-CraHkosuh*

'YHuep3utet y KparyjesLy, OakynTeT MeAULIMHCKIX HayKa, KparyjeBal, Cp6uja;
2YHnBep3UTETCKI KNUHUYKM LieHTap Kparyjesau, KnuHuka 3a yponorujy, Hedponorujy u aujanusy, Kparyjesau, Cpouja;

*YHueep3uTeT y beorpagy, MeanunHcku gakyntet, beorpag, Cpbuja;

*KnuHnuKo-60nHMYKM LeHTap, dp Oparvwa Muwosuh - Jeautse’, beorpag, Cpbuja

CAXETAK

YBoa/LUnmb Hakyn/batbe ypemMunjckux TOKCUHa Cpeatbe Mo-
JIeKysIcKe Mace MOXe Y3POKOBaTU 6pojHe KOMNIUKaLUuje Kog
60NeCcHIKa IeYeHNX XPOHUYHIM Xemoaujanuama. Moctauny-
LiMoHa oHnajH xemopamnjadpuntpauwja (OL-HDF) ycneluHo yknarba
0Be MoJIeKyJe.

Pag je umao 3a umib fa ncnuta eGprKacHOCT TPU pasnnymTe
AvjanusHe membpaHe y yKnarbatby B,-Mukpornobynuta (8,m)
TOKOM NojefjMHayHe cecuje noctaunyumnoHe OL-HDF.

Mertope lNpocnekTBHOM cTyAujoMm je 0byxBaheHo 30 6onec-
HWKa (23 MyLIKapaLa 1 cefiam XeHa, NpoceyHe ctapoctu 54,87
+ 11,6 rogmHa, ca Ay>KNMHOM AWjanu3Hor fieyerba 4,95 £ 5,4 ro-
[VHe) Koju ce neye noctaunyumnoHom OL-HDF-om. Kog cBux
ncnuTaHuKa je ogpeheH nHaekc peaykuuje f,m n anbymnHa
TOKOM jeHOT TpeTMaHa noctamnyunoHom OL-HDF-om cyKue-
CVYIBHOM NPVIMEHOM TpU AujanusHe membpaHe: DiacapPro 19H,
FX CorDiax 800 v Elisio 21H.3a ctatncTnuky aHanusy kopuiihe-
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Hu cy Konmoropos-CmumpHossbes Tect, ANOVA n Kpackan-Bo-
NINCOB TeCT.

PesynTatu [MpoceyaH yKynHY KOHBEKTVBHY BOIyMEH 13HOCUO je
21,38 + 2,97 nutapa no cecuju. iHaekc peaykupje B,m nsHocmo
je 70,86 * 6,87% 3a membpaHy DiacapPro 19H, 74,69 + 6,51%
3a membpaHy FX CorDiax 800, n 70,04 £ 9,37% 3a membpaHy
Elisio 21H (p = 0,054). ViHgekc pepyKumje anbymuHa je 61o 6,20
+ 2,12% 3a membpaHy DiacapPro 19H, 6,01 + 2,97% 3a memb6pa-
Hy FX CorDiax 800, v 6,46 * 2,91% 3a mem6paHy Elisio 21H (p =
0,812). [ybuTak anbymuHa y ToKy nojeuHauHe gujanusHe cecuje
3a CBe Tpu AujannsHe MembpaHe 6uo je mawn og 4 g/ 4 h.
3aksmyyak Cee ncnutaHe membpaHe epuKacHo yknatbajy 5,m
npumeHom noctaunyumoHe OL-HDF y3 6e36epaH rybutak npo-
TenHa. Hajsehu nHaekc peaykuuje B,m y3 Hajmarbu rybutak
anbymuiHa ocTBapeH je npumeHom membpaHe FX CorDiax 800.
KrmbyuHe peunt: ypemMunjckn TOKCUHY; Cpeftbyi MonieKynu; anby-
MUH; B,-M1KpOrnobynuH; Anjanusatop; xemoaujaduntpawnja
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SUMMARY

Introduction/Objective Angular stability and dynamic fixation are key factors to successful healing of
femoral neck fractures.

The objective was to evaluate the efficacy of internal fixation of femoral neck fractures with two parallel
self-tapping antirotation screws (SAF) compared to standard, three cannulated cancellous screws (CCS)
fixation.

Methods In total 100 fractures were retrospectively analyzed, divided in two groups in which two SAF
screws were used in parallel (n = 50) or three standard screws in an inverted triangle configuration (n = 50).
The groups were compared with operation time, time of consolidation, femoral neck shortening, Harris
hip score and reoperation rates.

Results SAF parallel fixation group of patients achieved consolidation rate of 86% compared to 74% in
CCS fixation group, without statistically significant difference between the examined groups (p > 0,05).
Dynamization of implants was significantly positively correlated with the fracture healing time in both
examined groups (SAF: r = 0.324, p = 0.025; CCS: r = 0.572, p = 0.001), with significantly shorter healing
time in SAF patients — on average 15 weeks (15.02 £ 1.44) in relation to the CCS group of patients — 19
weeks (19.81 + 2.94) (x*/z = 7.048, p < 0.001). There was no statistically significant difference in the Har-
ris hip score and reoperation rate among the study groups (x*> = 2.44, p = 0.487; x* = 0.500, p = 0.696).
Conclusion Our results suggested that dual parallel fixation is simpler, less invasive and it demands less
performance time. It is not inferior to fixation with three screws, from the point of biomechanics, possible
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complications, healing and functional recovery.

Keywords: femoral neck fractures; bone union; internal fixation

INTRODUCTION

Femoral neck fractures include injuries in-
volving the area between the head of the fe-
mur and the intertrochanteric line and account
for nearly half of all hip fractures, increasing
exponentially with age [1]. The specific intra-
capsular environment with vulnerable vascular
supply, and burden some biomechanics of the
hip, contribute to the high complication rates
seen after osteosynthesis of these fractures [2].

Internal fixation is frequently used for un-
displaced fractures and for displaced intracap-
sular fractures in which preservation of the
femoral head is preferred or the patient with
poor premorbid conditions for arthroplasty
[3, 4]. Traditionally intracapsular femoral neck
fractures are operatively treated with three can-
nulated cancellous screw, but controversy re-
mains over what the ideal number and correct
position of screws should be for treating these
fractures [5, 6].

However, the outcomes after convention-
ally inverted cancellous three screw fixation
of femoral neck fractures have not been uni-
formly positive and the rates of revision surgery
ranging 8-27% [7]. One of the main reasons
for such poor outcomes is reflected in a more

technically demanding procedure in terms of
fracture reduction and correct placement of
screws. A simpler technique of placing only two
parallel screws, one higher and the other lower
in the femoral neck, may be a suitable alterna-
tive to improve complication rates of surgical
treatment of femoral neck fracture in properly
selected patients.

Objective

The primary objective of our trial was to evalu-
ate the clinical outcome of internal fixation of
femoral neck fractures by double screws versus
three cancellous screws fixation in skeletally
mature patients.

METHODS

After Institutional Review Board approval (ref.
no. 12-2466-12, approval date March 9, 2015)
we retrospectively reviewed data from January
2014 to January 2017 from the University
Clinic of Orthopedics and Traumatology, at
the Clinical Center in NiS. The study included
a series of 100 patients with femoral neck frac-
tures treated by the same group of surgeons.
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D attempts, open reduction through
Watson-Jones approach was car-
ried out. In our clinical practice, for
the last 15 years, we predominantly
used for osteosynthesis of femoral
neck fractures, double SAF from a
domestic supplier (D.O.O. Traffix,
Ni$, Serbia). Anti-rotational self-
tapping cannulated screw is made by
= medical steel 316LVM, body diam-
eter screw of 7.2 mm, with threads

Figure 1. Standard AO 6,5 mm cannulated cancellous screw (A); self-tapping cannulated screws

and position of the implant in femoral neck (B, C, D)

Figure 2. Plain radiographs to verify correct placement of self-tapping cannulated screws femo-
ral neck fixation (A - distal screw placement; B - proximal screw placement; C - profile parallel
placement)

A group of 50 patients with femoral neck fractures were
treated surgically with two parallel inserted self-tapping
anti-rotational screw fixation (SAF) group, while the
other group of 50 patients were surgically treated using
the multiple cancellous screw fixation method with three
cannulated cancellous screws (CCS) group. Data were
collected and compared retrospectively in both groups.
Patients were selected using random allocation software
[8]. The patients were not blinded to their treatments. All
patients were followed up until fracture union or a revision
surgery was performed. No patient was lost by the end of
the first-year follow-up.

The inclusion criteria were for all patients who had
either an undisplaced fracture, or a displaced femoral
neck fracture with American Society of Anesthesiologists
score range 1-3, who walked independently prior to the
fracture, in the absence of hip osteoarthritis. We excluded
from the study patients with pathological femoral neck
fractures, open femoral neck fractures, femoral neck
fractures in skeletal immaturity patients, polytrauma pa-
tients (ISS > 16) with ipsilateral fractures of femoral neck
and shaft fractures and patients older than 65 years who
had a severe concomitant medical condition (Grade 4, 5
American Society of Anesthesiologist Score).

Fracture management

In all selected cases the surgery was performed either
in spinal or general anesthesia, with patients positioned
supine on a traction table using the technique of closed
reduction under C-arm control with manual traction and
internal rotation of the injured extremity (Whitman’s ma-
neuver). If closed reduction was not satisfied after two
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thickness of 9 mm with a thread’s
length of 16 mm and self-tapping
tip (Figure 1B, Figure 1).

The first group of 50 patients, in
our study, underwent surgery with
dual SAF cannulated implant from
a domestic supplier (D.O.O. Traffix).
Anti-rotational self-tapping cannu-
lated screw is made by medical steel
316LVM, body diameter screw of
7.2 mm, with threads thickness of
9 mm with a threads length of 16
mm and self-tapping tip The second
group (CCS) of patients consists of
other 50 patients with femoral neck
fractures surgically treated by using
standard 6.5 or 7.3 mm three CCS (Figure 1). The SAF
screws are designed to adjust to the load to which they are
exposed and, on the other hand, to minimally injure bone
tissue. Derotation compression of the fragment is achieved
by parallel position of the SAF screws. These characteris-
tics make the concept distinctive by itself. The tip of each
screws was driven into head of femur to within 5 mm, ap-
proximately, from the subchondral bone plate (Figure 2).

On the other hand, three cancellous screws, in most
cases, were placed in the configuration of an inverted
triangle, respecting the principles of three-point fixation
(Three-Point Principle) [9].

Assessment methods
Radiographic parameters

Before internal fixation, based on radiographs, the frac-
ture classification according to Pauwel and Garden clas-
sification was performed. Pauwel’s type II and III fractures
(= 50°) were considered unstable and Garden III or IV
fractures were considered displaced. Acceptable reduction
parameters have been defined as a neck shaft angle 130-
150°, less than 15 degrees of valgus with no varus angula-
tion, and 0-15° of lateral angulation [10]. Intraoperative
reduction assessments were graded as anatomical, accept-
able or poor in both groups of patients. Preoperative and
postoperative data were recorded, including age, type of
fracture, degree of posterior comminution, surgical timing,
duration of surgery, and final outcomes.
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Functional outcome assessments and complications

Postoperatively, all patients received antibiotic prophylaxis
for 48 hours and deep vein thrombosis prophylaxis for three
weeks. Postoperatively, sitting was encouraged at the first
day, non-weight-bearing ambulation with the aid of a
walker frame was allowed after one or two weeks as long
as the pain was tolerated. Patients were encouraged to
partial weight bearing six weeks after the operation. After
hip X ray confirmation that fracture healed, full weight
bearing was allowed. Postoperative radiographs were as-
sessed until the end-point was reached, defined as fracture
consolidation, collapse of the femoral neck, loss of reduc-
tion that necessitated reintervention, necrosis of the head or
pseudarthrosis of the neck, with a minimum period of six
months elapsed from the time of the fracture. As a predictor
of poor outcome, the influence of posterolateral comminu-
tion on healing time and stability of fixation was tested. The
sliding length of the lag screws after fracture consolidation
was measured by comparing the immediate postoperative
and final anteroposterior radiographs.

The complete functional recovery of the patient after
the minimum of one-year follow-up was verified in our
study. The values obtained by filling in the questionnaires
of Harris hip score scaled 1-100. After the 12-month-
follow-up, all patients in both groups were studied for the
functional outcome, as well as the effect of femoral neck
shortening on gait pattern and muscle strength and reop-
eration rate was recorded.

Data analysis

Statistical analysis was performed with SPSS® Version 16.0
for Windows® (SPSS Inc, Chicago, IL, USA). Baseline and
outcome variables were compared between the investigated
groups. Proportions and means among groups were com-
pared using either the x* or Fisher’s exact test and Student’s
t test, respectively. Statistical significance was set at p < 0.05.

The study was approved by the local Medical Research
Ethics Committee (ref. no. 12-2466-12, approval date
March 9, 2015) and carried out according to the declara-
tion of Helsinki

RESULTS

A total of 100 patients with undisplaced and displaced
femoral neck fractures were included in this retrospec-
tive study. Their baseline socio-demographics data and
significance in prevalence, in relation to the treatment
groups (SAF vs. CCS), are shown in the Table 1.

The mean operative time for the fixation with two can-
nulated screws was significantly shorter by approximately
14 minutes (52.89 vs. 39.17 minutes, p < 0.0001, unpaired
t-test) (Figure 3). Intraoperative blood loss and average
fluoroscopy time were similar in both groups, with no
significant difference (p = 0.75; p = 0.62).

Statistical analysis of the data founded that the majority
of patients in the overall population achieved anatomical

‘ DOI: https://doi.org/10.2298/SARH200727018K
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type of fracture reduction or acceptable one, without sta-
tistical significance (p = 0.490), as shown in Table 2.

Table 1. Patient data among the study groups

Parameters S e P
(n=50) (n=50)
Age (years)
58.06 + 10.35 51.86 +16.52
mean +SD (27-79) (16-80) 0.027
(min-max)
Sex (%F, %M) 40%F, 60%M 46%F, 54%M | > 0.05
| 14 10 > 0.05
1l 22 27 >0.05
Garden class
1] 11 10 > 0.05
\Y 3 3 > 0.05
| 31 29 > 0.05
Pauwels class Il 17 18 > 0.05
1] 2 3 > 0.05
CRIF n (%) 45 (90%) 37 (74%) 0.038

SAF - self-tapping antirotational fixation; CCS - cannulated cancellous screws;
CRIF - closed reduction and internal fixation

p<0.001

W SAF
Standard method

Operation time (min)

Figure 3. Operating time among studies groups; SAF - self-tapping
cannulated screws

Table 2. Reduction quality assessment among the study groups

Assessment of Total SAF ccs a
reduction n (%) n (%) n (%) X P
acceptable 39 (39%) | 20 (40%) | 19 (38%)

anatomical 54 (54%) | 28 (56%) | 26(52%) | 1.428 | 0.490
poor 7 (7%) 2 (4%) 5(10%)

SAF - self-tapping antirotational fixation; CCS - cannulated cancellous screws

The SAF group of patients had union rate of 86%, con-
solidation was observed in 43 of the 50 fractures. In the
group which was made standard methods of treatment,
consolidation was observed in 37 out of 50 fractures (74%).
There was no statistically significant difference among the
examined groups (p > 0.05).

In relation to posterolateral comminution, implant dy-
namics, meaning a migration of the lag screw(s) in the
femoral neck or lateralization of the lag screw(s) due to
fracture collapse, were observed more frequent in pa-
tients treated by surgical technique with multiple cancel-
lous screws thickness of 6.3/7.5 mm and was greater than
or equal to 10 mm which was statistically significantly
(x> = 6.474, p < 0.001). Also, the union time was signifi-
cantly shorter in SAF group (15.02 + 1.44) compared to
patients in CCS group (19.81 + 2.94) with posterolateral
fracture comminution (x* = 7.048, p < 0.001) (Table 3).
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Table 3. Posterolateral comminution, union time and dynamization
of implant

Characteristics SAF CCS X*/z* p
Posterolateral 43 (86%) 43 (86%) 1.000
comminution

n (%)

Union time (weeks) | 15.02+1.44|19.81+2.94 | 7.048* | <0.001
mean + SD (10-22) (12-26)

(min-max)

Implant 333+1.96 1318+ 6.474* | <0.001
dynamization (mm) (0-10) 6.21

mean + SD (2-24)

(min-max)

SAF - self-tapping antirotational fixation; CCS - cannulated cancellous screws

Comparing the fracture healing rate time with the de-
gree of dynamization of implants in both groups of patients
with posterolateral comminution, we came to the result
that dynamization of implants significantly positively cor-
related with the fracture healing time in both examined
groups, respectively (SAF: r = 0.324, p = 0.025; CCS: r =
0.572, p = 0.001) (Figure 4 and 5).

After one-year follow-up, Harris hip score values (SAF:
89.7 + 8.4; CCS: 82.2 + 14.3) were similar, with no statisti-
cally significant difference (x* = 2.44, p = 0.487) (Figure 6).

Reoperation was performed in five patients (10%) of
SAF group and eight patients (16%) in CCS group of
patients. It was found that there was no statistically sig-
nificant difference in the incidence of reoperation rate
between the tested method (x> = 0.500, p = 0.696).

Of the total number of patients operated by dual SAF
implants, in five patients were performed reoperation pro-
cedures (two nonunions, one varus collapse and two healed
fractures with advanced stage of femoral head necrosis - III
and IV grade by Ficat and Arlet classification). Because of
the developing of the osteoarthritis of injured hip, total hip
replacement was carried out in all cases.

DISCUSSION

So far, there have not been many studies investigating dou-
ble screw femoral neck fixations [11]. Mostly, the authors
compared the rates of treatment complications between
tixed angular plate and three screw fixation methods, em-
phasizing significantly higher prevalence in blood loss and
duration of operation in the group of patients treated with
fixed angular plates [12, 13]. Our data suggest that the use
of the CCS was associated with approximately 14 minutes
longer surgery which was significantly shorter in the SAF
group of patients (52.89 vs. 39.17 minutes, p < 0.0001,
p = 0.62, unpaired t-test).

Screw loosening, fracture displacement and some other
complications may often occur with regards to the internal
fixation of femoral neck fractures, which in turn increas-
es the rates of nonunion and femoral head necrosis [14].
Furthermore, it is generally known that the compressive
forces have a positive impact on fracture healing, but it is
unclear what the degree of dynamic compression is needed
to promote healing the fracture, in order to prevent the
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Figure 4. Relationship between implant dynamics and fracture healing
time in patients undergoing cannulated cancellous screws fixation
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Figure 5. Relationship between implant dynamics and fracture healing
time in patients undergoing self-tapping cannulated screws fixation
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Figure 6. Assessments of complete functional recovery obtained by
Harris hip score; SAF - self-tapping antirotational fixation; CCS - can-
nulated cancellous screws

prevalence of the shear forces which are the main cause
of mechanical failure of fixation [15, 16]. During heal-
ing of femoral neck fracture, both bone resorption and
shear forces of the fracture site can result in secondary
sliding and displacement, even though the fracture was
reduced in anatomic reduction quality, which tend to
cause femoral neck shortening resulted in poorer func-
tional outcome scores compared to patients who healed
in an anatomic position [17]. Our study shows that dy-
namization of implants significantly positively correlated
with the fracture healing time in both examined groups,
respectively (SAF: r = 0.324, p = 0.025; CCS: r = 0.572,
p = 0.001) indicating that fracture union rate was sig-
nificantly shorter in group of patients treated with SAF
method of fixation, average time 15 weeks (15.02 * 1.44)
on related to CCS group of patients which was average 19
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Figure 7. A 43-year-old female patient with unstable vertical (Pauwel lll) intra-capsular femoral
neck fractures, when Adam’s arch is missing and lateral cortex suffers the greatest load, in our
series of patients treated with two self-tapping antirotational fixations screws — serial follow
up X-ray (A - initial; B — 12 weeks postoperative; C — six months; D - 12 months; E - 24 months

postoperative)

Figure 8. A - effect of “biological plate”: anteroposterior view of femoral neck fractures with
posterior wall comminution in a 63-year-old male patient; B - profile view indicated disrupted
posterior wall of femoral neck fractures; C - six months postoperative X-ray show significant
thickening of the lateral cortex around the distal screw with fracture healing

weeks (19.81 + 2.94) (x*/z = 7.048, p < 0.001). It follows
that SAF fixation improves rotational control of fracture
fixation represents a technically less demanding procedure.

Secondary sliding of implants (dynamization), which
leads to resorption of fragments and shortening of the
femoral neck, lasts until the end of the third month post-
operatively, as part of normal bone consolidation. In cases
of poor-quality fracture reduction and severe osteoporosis
this event can cause uncontrolled excessive shortening of
the femoral neck, which further leads to higher possibili-
ties of nonunion and fixation failure after femoral neck
fractures [18]. Literature data suggest that there is a high
incidence of the unacceptable collapse of the femoral neck
(= 10 mm), approximately 30%, after fixation displaced
and undisplaced femoral neck fracture with posterolateral
comminution with three cancellous screws, the thickness
of 6.5 or 7.3 mm [19]. In our study, the average dynam-
ization of the implant in SAF group was 5 mm, while
in a CCS group it was 17 mm, which was a statistically
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significant difference (p < 0.001).
Despite the overall better value of
Harris hip score for patients who
had undergone SAF surgery (SAF:
89.7 + 8.4; CCS: 82.2 + 14.3), we
found no statistically significant
difference in functional recovery
after one follow-up among the
tested groups (x* = 2.44, p = 0.487).
Considering the study’s average revi-
sion rate among the studied groups
(SAF = 6% vs. CCS = 8%) no sig-
nificant difference between the two
groups could be observed.

According to previous findings, it
has been well known that the disrup-
tion of posterior wall of the femoral
neck fractures is a major cause of
excessive shortening of the femoral
neck during the healing phase, and
that adversely affects fracture heal-
ing, functional outcome and the oc-
currence of reoperation rate [20].
To ensure stable fixation and heal-
ing of the femoral neck fractures, it
is necessary to secure three point of
support which need to be adjusted
to the biomechanical characteris-
tics of the implant: the subchondral
bone head of the femur for rotational
stability (the first point of fixation),
Adam’s arch and femoral calcar of
the neck of the femur (the second
point of fixation) and support of lat-
eral femoral cortex (the third point
of fixation) [21, 22].

If Adam’s arch of the caudal frag-
ments remains intact (as it happens
in the majority of femoral neck
fractures) use of thick, rigid plate,
such as dynamic compression plate, is not required, and
placement of free cannulated screws are enough for secure
fracture fixation. Placed in parallel position, free cancel-
lous screws give enough support to the femoral calcar and
Adam’s arch [23, 24]. This approach also causes less trauma
to the soft tissues and requires shorter surgery duration. In
our series intraoperative blood loss and average fluoros-
copy time were similar in both groups, with no significant
difference (p = 0.75; p = 0.62) which supports this claim.

But, in the cases when Adams arch as the support of the
second point of fixation is missing and cannot support the
implant (Pauwels type IIT of femoral neck fractures, basi-
cervical femoral neck fractures, comminuted femoral neck
fractures), double lever becomes a single, and large load
suffers lateral cortex of the femur as a third point of sup-
port of internal fixation [25]. In these situations, additional
reinforcement with an appropriate implant is required,
in order to achieve resistance to the shear force inherent
in these vertical fractures. Recently, the use of a medial
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Clinical analysis of internal fixation femoral neck fractures with two or three canulated screws

buttress plate on the medial side of the femoral neck has
been proposed by some authors, with satisfactory initial
results. However, it requires a more extensive surgical dis-
section and care must be taken not to damage the femoral
head blood supply [26, 27]. SAF in most cases in our study
was performed after closed reduction (90%) as a less surgi-
cally demanding procedure, where even after open fracture
reduction (10%) adequate dynamic compression of the
fracture site was provided without additional damaging
the blood supply to the femoral head (LFCA and MFCA)
(Figure 7). In order to achieve better angular stability and
dynamic compression of the unstable Pauwels III fracture,
recently, AO foundation authors introduced a new implant
called Femoral Neck System (DePuy Synthes, Zuchwil,
Switzerland), to improve the biomechanical performance
of fracture fixation. They have biomechanically proven
that implant is superior versus fixations with three parallel
cannulated screws and comparable to both dynamic hip
screw with antirotation screw and dynamic hip screw with
blade in terms of sustainability of the restored neck length
for unstable Pauwels III fractures [28].

One of the proofs overloading the third point of internal
tixation of the femoral neck fractures is a thickening of the
lateral cortex at the site around the distal screw, which was
clearly visible on X-rays several weeks after dual SAF screw
fixation. The pain was present until the “biological plate”
did not finish its formation and provide solid support to
the screw (Figure 8).

This phenomenon can be explained by the presence of
micro-movements of the screw due to the load, causing
osteogenesis followed by formation at first irritative cal-
lus, and then supportive periosteal callus around the distal
screw on the lateral femoral cortex. This example shows
that the lateral cortex could not always respond to the high
demands that are placed in front of the third fixation point
and that even in the cases of perfect fracture reduction
and stabilization, micro-movements occurred. To avoid
reduction loss or excessive femoral neck shortening after
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KAMHMUKa aHanu3a yHyTpalke dpuKcaumje npenoma spata 6yTHe KOCTU NPUMEHOM

ABa U TPU KaHYNUPaHA 3aBPTHA

Wrop M. Koctuh'!, Munan M. Mutkoeuh'2, Cawa C. MuneHkoBuh'?,

Munopag b. Mutkosuhp?

'YHUBEP3UTETCKI KNMHWYKM LieHTap Huw, KnuHuka 3a optoneaujy 1 Tpaymatonorujy, Huw, Cpbuja;

2YHusepauTet y Huwy, MeguuuHcku daxyntet, Huw, Cpbuja;
*Cpncka akagemuja Hayka 1 ymeTHocTtw, beorpag, Cpbuja

CAMETAK

YBoa/LUwmb AHrynapHa cTabunHocT n grHaMuyka dukcauuja
Cy K/by4YHU $aKTopy 3a YCMeLHO 3apacTake npesioma BpaTa
6yTHe KoCTu.

Linrb oBe cTyauje je npoLeHa eprKacHOCTU yHyTpaLlkbe GpUK-
caumje npenoma BpaTa ByTHe KOCTU ca ABa NapasiesiHa camo-
Hape3yjyha aHTupoTauuoHa 3aBpTha (CA3) y ogHOCy Ha Tpu
KaHy/nvpaHa Crosballitba 3aBpTHba.

Metope PeTpocnekTuBHO je aHanu3upaHo 100 npenoma Bpa-
Ta ByTHe KOCTW, KOju Cy XMPYpPLIKM 36putbaBaHu ca aBa CA3
3aBpTha (n = 50) nnu Tpu ctaHgapaHa AO 3aBpTHa Y KOHOW-
rypaumju obpHyTor Tpoyrna (n = 50). YnopehrBaHu cy gy*xunHa
onepaumje, BpeMe 3apacTatba NpesioMa, cTeneH ckpahusama
BpaTa OyTHE KOCTU TOKOM KOHCoNuaaLyje npenoma, Kpajhm
bYHKLUMOHaNHM pe3yntaT MepeH XaprcoB1MM CKOPOM 1 cTona
peonepauuje.

Pesyntatn Y rpynu y Kojoj ce kopuctuna gyanHa (CA3) napa-
nenHa duKcauuja, KOHCoNMAaLMja Npeaoma je octBapeHa y

DOI: https://doi.org/10.2298/SARH200727018K

86% cnyyajeBa y ofHOCY Ha 74% y rpynu ca Tpu KaHynupaHa
3aBpTHb>a, 6€3 CTaTUCTUYKY 3HaYajHe pa3nrke Mehy UCNUTaHVM
rpynama (p > 0,05). InHamm3aLmja MnnaHTaTa 3Ha4ajHo no-
3MTKBHO je Kopenupasa ca BpeMeHOM 3apacTatba npesioma y
06e ncnutusaxe rpyne (CA3: p = 0,324, p=0,025; AO: r= 0,572,

p =0,001), ca 3HayajHo Kpahum BpeMeHOM 3apacTakba y rpy-

nu CA3 nauujeHata - npoceyHo 15 Hepesba (15,02 £ 1,44) y
ogHocy Ha AO rpyny naumjeHata — 19 Hegesba (19,81 + 2,94)
(x/z=17,048,p < 0,001). Mpema Xap1coBOM CKOpPY KyKa 11 CTOMNM
peonepauuja, Hrje npumeheHa 3HauajHa pasnrka namehy rpyna
(x?=2,44,p=0,487; x¥*= 0,500, p = 0,696).

3akrpyuak Pe3ynTati yKa3yjy fa je gyanHa napanenHa opukca-

upnja (CA3) jegHOCTaBHUja, Make MHBa3MBHa M 3axTeBa Marbe
BpemeHa 3a n3Bohetbe. Huje nHdepropHa y ogHocy Ha drKcy-
pambe ca TPy 3aBPTHa, Ca CTaHOBULLTa GrioMexaHuiKe, Moryhix
KoMMAMKaLwja, 3apactama 1 GyHKLMOHaNHOT OMopaBKa.
KmbyuHe peun: yHyTpallta drikcaumja; npesiom Bparta byTHe
KOCTW; 3apacTatbe
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Analysis of risk factors for cement leakage in
percutaneous kyphoplasty — does sedoanalgesia
increase the risk?

Evren Aydogmus
Kartal Dr. Lutfi Kirdar City Hospital, Department of Neurosurgery, Istanbul, Turkey

SUMMARY

Introduction/Objective Several studies have evaluated anesthesia type as a possible risk factor for
cement leakage in percutaneous vertebral augmentation procedures. This study has the largest series
in the literature revealing data on the incidence of cement leakage in percutaneous kyphoplasty under
sedoanalgesia. The aim of the study was evaluating the possible association between sedoanalgesia and
cement leakage in percutaneous kyphoplasty procedures.

Methods In this study, 195 vertebral compression fractures treated with percutaneous kyphoplasty under
sedoanalgesia in 165 patients were retrospectively reviewed. The association between sedoanalgesia
and cement leakage in percutaneous kyphoplasty procedures was evaluated.

Results The mean age (years) of study population was 64.37 years (range 24-108 years), and the male-
female ratio was 71/94. No significant difference in the proportion of males (n = 71, 43.03%) and females
(n = 94, 56.96%) was observed between groups. Among the 195 fractured segments, most frequent
fractures were observed at the T12 (n =41, 21.02%) and L1 (n = 65, 33.33%) levels.

Conclusion Sedoanalgesia is not a risk factor for cement leakage in percutaneous kyphoplasty and offers
a safe anesthesia option to avoid possible complications.

Keywords: vertebral compression fracture; percutaneous kyphoplasty; cement leakage; sedoanalgesia

INTRODUCTION

Spinal fractures secondary to trauma, osteoporo-
sis and osteolytic metastasis are a common cause
of severe pain, neurological deficit, morbidity,
and profoundly impaired quality of life [1].

Proponents of surgery believe that decom-
pression, fracture reduction and instrumenta-
tion are essential for stabilising the spine and
reducing pain [2].

Surgical management of thoracolumbar
fractures is preferred for patients with pro-
gressive neurological loss, unstable fractures
or polytrauma, who require fixation for earlier
and easier rehabilitation.

For neurologically intact patients, surgi-
cal management of thoracolumbar fractures
remains controversial. Several authors have
reported good clinical results after nonopera-
tive management without fracture reduction
and using conservative treatments, including
analgesics, bed rest, spinal (thoracolumbosacral
or lumbosacral) orthoses and calcium, magne-
sium, and vitamin D supplements [3].

For those who are intolerant to the side ef-
fects of conservative approaches or those who
have failed to achieve pain control, percutane-
ous cement augmentation procedures represent
a minimally invasive adjunct [4]. Percutaneous
vertebroplasty (PV) and percutaneous kypho-
plasty (PK) have gained widespread recognition
as successful techniques for reducing pain and
improving functional measures and quality of

life [4]. The indications for PV and PK include
painful osteoporotic vertebral fractures, verte-
bral fractures caused by neoplasms and various
types of traumatic fractures, such as vertebral
compression fractures in the absence of neu-
rological symptoms. These minimally invasive
techniques reduce blood loss and avoid damage
to the paraspinal muscles [5].

Cement leakage is a serious complication of
PV and PK, which may cause severe chemical
or thermal injury to neurovascular structures
and pulmonary embolism [6]. Cement may
leak into the spinal canal or epidural, paraver-
tebral, and intradiscal spaces. Although rare,
venous leakage can occur mostly in neoplastic
or osteoporotic fractures [7].

Various factors can influence the incidence
of cement leakage, such as cement viscosity,
injected cement volume and intravertebral
clefts [8]. Leakage during PK occurs in 25%
of cases, which is significantly lower than the
rate in PV (70%) [9]. The differences in leakage
rates between PK and PV were attributed to the
cavity-creation approach by balloon filling in
PK, which helps contain the cement within the
vertebral body [1]. The height of the fractured
vertebral body is reconstructed by balloon fill-
ing during PK. This procedure may also affect
the shape and size of an intervertebral cleft,
which has been proven to be a risk factor for
cement leakage in PK in previous studies [10].

Several studies have evaluated anaesthesia
type as a possible risk factor for cement leakage
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Figure 1. Computed tomography images presenting the ideal cement distribution to fractured
vertebral body after bipedicular approach; a - sagittal; b — coronal; c - axial

Figure 2. Cement leakage types, computed tomography images; a
- intradiscal (sagittal); b — mixed - intradiscal and left paravertebral
(coronal); ¢ — paravertebral - anterior (axial); d — paravertebral - left
(axial); e — epidural (axial); f — epidural (sagittal)

in PV and/or PK procedures; however, most studies have
involved a small sample size or they did not interpret the
data independently for each procedure type [3, 9, 11, 12].
Therefore, a procedure-specific incidence rate of cement
leakage in large series could not be revealed in recent stud-
ies. To recent knowledge, this study has the largest series
in the literature revealing data on the incidence of cement
leakage in PK under sedoanalgesia. This study was con-
ducted to evaluate the association between sedoanalgesia
and cement leakage in PK procedures.

METHODS
Study design

This study was approved by the Ethical Committee of our
institution, and written informed consent was obtained
from all patients. In this study, 195 vertebral compression
fractures treated with PK under sedoanalgesia at our hos-
pital in 165 patients from January 2015 to January 2018
were retrospectively reviewed.

The inclusion criteria were as follows: 1) severe back
pain; 2) failure of conservative treatment; 3) more than
50% loss of vertebral body height presented on sagittal
X-ray film and/or computed tomography (CT), and 4) high
signal intensity on short tau inversion recovery (fat-sup-
pressed) sequence on magnetic resonance imaging (MRI)
confirming recent vertebral body fractures of the thora-
columbar region (Figure 1). The exclusion criteria were

‘ DOI: https://doi.org/10.2298/SARH210516065A
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as follows: 1) fracture accompanied
by neurological deficit; 2) radicular
pain; 3) intolerance to bone cement
material, and 4) contraindication to
MRIL

Data regarding age, sex, number
of treated vertebrae, location, frac-
ture morphology, surgical approach,
duration of surgery, amount of in-
jected cement, and the presence and
distribution of cement leakage were
collected. Cement leakage was as-
sessed on postoperative axial, coronal, and sagittal CT
scans of the spine and classified into four locations, as
defined by previous studies: epidural, intradiscal, para-
vertebral, and mixed [3, 13, 14].

In the literature provided by Scopus and PubMed data-
bases for the last 10 years, medical documents published
in English on cement leakage in PK under any type of
anesthesia were reviewed (keywords: ‘cement leakage,
‘kyphoplasty; ‘general anesthesia, ‘local anesthesia, and
‘sedoanalgesia’). The results of this study were compared
with the literature data.

Patient characteristics

In this study, 165 patients with 195 fractured segments
of T5-L4 were enrolled. Among the patients enrolled
in this study, 94 were women (56.9%) and 71 were men
(43.1%), and their age ranged 24-108 years, with a mean
of 64.3 + 10.1 years.

Surgical procedure

All PK procedures were performed with the patients un-
der sedoanalgesia in a prone position by the same right-
handed, senior surgeon.

For conscious sedoanalgesia, 1-pg/kg intravenous fen-
tanyl, 20-ug/kg intravenous midazolam, and 25-mg intra-
venous ketamine were administered. If needed, 20-pg/kg
additional doses of intravenous midazolam were repeat-
ed during the procedure. For local anesthesia, 5>-mL 1%
lidocaine was injected intradermally. A guidewire was
inserted after the appropriate entry point was identified
under fluoroscopy. As soon as the fractured vertebra was
confirmed, a working tunnel was inserted into the verte-
bral body until it passed the pedicle border. The core drill
and balloon were inserted through the working tunnel to
the anterior two-thirds of the vertebral body. The balloon
was expanded with a contrast agent under fluoroscopy un-
til a satisfactory restoration of vertebral body height was
achieved. Following the withdrawal of the contrast agent
and balloon, in this order, preprepared bone cement at
a semisolid state was injected into the cavity created in
the vertebral body. At that stage of the procedure, mul-
tiple fluoroscopic images were obtained at both axial and
coronal planes, and the patients were instructed to move
their lower extremities to confirm that the neurovascular
structures were not injured. Lastly, the working tunnel
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Figure 3. High signal intensity on
short tau inversion recovery (fat-
suppressed) sequence on sagit-
tal magnetic resonance imaging
confirming recent L1 vertebral
compression fractures

was removed, and the entry point was closed with a single
simple suture (Figure 2).

Assessment indices

Postoperative CT images were obtained to assess the pres-
ence of cement leakage and leakage sides. Cement leakages
were grouped into the four following sides on axial, coronal
and sagittal CT scans (Figure 3): epidural, paravertebral,
intradiscal, and mixed. All radiographic evaluations were
independently performed in a double-blinded fashion by
the same radiologist. All the patients were grouped accord-
ing to the surgical approach (bipedicular or unipedicular),
fracture pathology, fractured segments, number of treated
segments, and injected cement volume per segment. The
incidence rate of cement leakage and leakage locations
were evaluated and compared with the data from similar
studies in the literature.

Statistical analysis

Statistical analyses were conducted using SPSS, version
18.0 (SPSS Inc., Chicago, IL, USA). Quantitative data were
presented as means and standard deviation. The x* test
was performed to determine significant associations be-
tween demographic characteristics, fracture pathologies,
cement volumes, surgical approaches, fractured segments,
and cement leakages. A logistic regression model was used
to examine the association between the type of fracture
pathology and cement leakage occurrence. P-values of less
than 0.05 were used to denote statistical significance.

RESULTS
Bone cement distribution and leakage rate

The mean age (years) of the study population was 64.37
years (range, 24-108 years), and the male-female ratio
was 71/94. No significant difference in the proportion of
males (n =71, 43.03%) and females (n = 94, 56.96%) was
observed between the groups. Among the 195 fractured
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segments, most frequent fractures were observed at the
T12 (n =41, 21.02%) and L1 (n = 65, 33.33%) levels.

Among the 195 fracture segments, 168 (86.15%) were
treated using the bipedicular approach, and among the 165
patients, 79 (47.87%) had traumatic fractures. The mean
volume of injected cement per segment was 3.8 + 0.7 mL.
The number of patients treated for two consequent seg-
ments, three consequent segments and two or more non-
consequent segments was 17 (10.3%), 1 (0.6%), and 10
(6.06%), respectively. The mean duration of surgery was
39.86 * 5.6 minutes (range 25-70 minutes). Data obtained
from the assessment of cement leakage locations revealed
that the intradiscal space was the most common (12.3% of
51) leakage site. Table 1 presents the patients’ demographic
characteristics, characteristics of fractured segments, and
surgical features.

Table 1. Characteristics of the patients

Value

71 males / 94 females
(total 165 patients)

64.37 (24-108)

Characteristic

Sex

Mean age (range) (years)
Surgical approach (195 segments)

Unipedicular 27 (12 right /15 left)
Bipedicular 168
Fractured segments (195 segments)

T5 1
T6 2
T7 2
T8 6
T9 4
T10 5
T11 7
T12 39
L1 63
L2 28
L3 23
L4 15

Duration of surgery (165 patients)

Range (minutes) 25-70
Mean (minutes) 39.86
Multiple segments 28 of 165 patients
Two consequent segments 17
Three consequent segments 1
Two or more non-consequent segments 10
Leakage locations 51 of 195 segments
Epidural 6 (3.07%)
Foraminal 4 (2.05%)
Mixed 4 (2.05%)
Paravertebral 13 (6.66%)
Intradiscal 24 (12.3%)
Pathology of fracture (165 patients)
Osteoporosis 63
Trauma 79
Neoplasm 23
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Cement leakage risk factor analysis

According to the postoperative CT scans, cement leakage
was detected in 37 of the 165 patients (22.42%) and in 51
of the 195 segments (26.15%). No patients with cement
leakage revealed neurological deficits or any other clinical
symptoms.

A statistically significant relationship was observed be-
tween cement leakage and fracture pathology (x* = 12.673;
p = 0.002).

The bipedicular approach group yielded a higher ce-
ment leakage rate than the unilateral approach group
(94.11%, 5.88%, respectively; p = 0.055) but no statistical
significance was revealed. Table 2 presents the risk factor
analysis of cement leakage.

Table 2. Cement leakage (risk factor analysis)

Characteristic Le(zl/(;)g)]e No(l:\e;l/(()';]ge X p
Sex
Male 19 52 1.347 | 0.246
Female 18 76
Pathology of fracture
Osteoporosis 6 57
Trauma n <8 12.673 | 0.002
Neoplasm 10 13
Surgical approach
Unipedicular 3 24 3.672 | 0.055
Bipedicular 48 120
Fractured segments
Thoracic 10 17
Thoracolumbar (T12-L1) 27 75 245 | 0.287
Lumbar 14 52
Cement volume
<3.8mL 24 66 0.023 | 0.88
>3.8mL 27 78
DISCUSSION

In a developing society, osteoporotic vertebral compression
fractures are frequently observed with the prolongation
of life span. Apart from osteoporotic compression frac-
tures, traumatic and neoplasm-related vertebral fractures
are frequently encountered in our daily practice. Bed rest
and orthosis are typical conventional treatments for ver-
tebral compression fractures, as most are stable fractures
without neurological deficits. As an alternative treatment
option for vertebral compression fractures without any
neurological deficits, percutaneous vertebral augmentation
procedures provide many advantages, including early pain
relief, shorter hospital stay, and early mobilization that can
reduce thromboembolic complications, especially in elder-
ly patients [15]. Since these minimally invasive treatments
provide an early return to work, they are the preferred
treatment methods for vertebral compression fractures in
young adults [16].

Despite being minimally invasive, the complications
of PV and PK are not rare; however, in most cases, they
have no clinical significance. Persistence of pain, cement

‘ DOI: https://doi.org/10.2298/SARH210516065A
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leakage, paralysis, allergic reaction to bone cement, pul-
monary embolism and bleeding (epidural hemorrhage) are
potential complications of these minimally invasive proce-
dures [17]. Among these complications, cement leakage is
the most common, which can occur in the epidural, para-
vertebral or intradiscal spaces [14]. Several studies have
focused on the incidence of and risk factors for cement
leakage in PK and PV under general anesthesia [18-21].

Lee et al. [6] revealed that the incidence rate of cement
leakage per number of treated patients was significantly
higher in the PV group than that in the PK group under
local anesthesia. The most prominent advantage of PK over
PV is the balloon that reduces the cement perfusion pres-
sure during the procedure [3].

The type of anesthesia, amount and viscosity of the
bone cement injected, fracture characteristics (type, sever-
ity, pathology, segment, etc.), approach (bilateral or unilat-
eral), sex, age, and surgery duration have been assessed as
risk factors for cement leakage so far [17, 20].

Especially, elderly patients present with a higher an
aesthetic risk because of comorbidities, including car-
diopulmonary diseases, that make surgeries in the prone
position under general anesthesia significantly more dif-
ficult. All PK procedures included in the study were ap-
plied under sedoanalgesia, which provides the advantage
of perioperative neurological examination and prevention
of general anesthesia complications. Lavelle et al. [16] pre-
ferred general anesthesia in their 94 cases of kyphoplasty
and revealed that elderly patients could not tolerate the
procedures in the prone position unless performed under
general anesthesia. Cagli et al. [11] have reported four cases
of cement leakage (three for PV and one for PK) in their
series of 91 PV and PKP cases operated on under local
anesthesia. However, both in the study by Cagli et al. [11]
and in this study, none of the operations was terminated
because of intolerance to the type of anesthesia.

In the literature, this study has the largest sample size
to retrospectively investigate the incidence rate of cement
leakage specifically in PK procedures under sedoanalgesia.

The pooled studies have shown that the incidences of
cement leakage for PV and PK were 59.7% and 18.4%,
respectively [17]. In this study, the overall incidence rate of
bone cement leakage was consistent with previous reports
(51 of 195 segments, 26.15%) (Table 3) [6, 22-25].

Table 3. Recent studies presenting cement leakage rates in
percutaneous kyphoplasty procedures

Author ;/eegr::szls ICEZT:;; Incidence
Chenetal.[22] 44 34 77.27%
Rebolledo et al. [23] 56 9 16.07%
Vogl et al. [24] 65 42 64.61%
Lee et al. [6] 59 29 49.2%
Mishra et al. [25] 61 9 14.75%

Fracture pathology and severity and cement volume
were significant predictors of cement leakage according
to previous studies [17, 20, 26]. In addition, this study
revealed that only fracture pathology was a statistically
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Table 4. Logistic regression analysis among fracture pathology subgroups in

patients with cement leakage

introduced was significantly less in the unilateral
approach [8, 12]. However, no definite conclu-

sion has been made regarding whether cement
volume is a risk factor for cement leakage. Chen

et al. [22] have found that the unilateral approach

Subgroups Coefficient B St:rr‘nr%a;rd Z p OR 95% Cl
Osteoporosis -1.99 0.599 | 3.322 | 0.001 | 0.137 | 0.042-0.442
Trauma -0.748 0.491 1.524 1 0.128 | 0.473 | 0.181-1.239
Constant -0.249 042 |0.593|0.553| 0.78

decreases the incidence of cement leakage accord-

significant risk factor for cement leakage (Table 4). The
incidence of cement leakage in the osteoporosis group was
higher than the rest (Figure 4). This finding might be due
to the weakness of the cortical bone structure in osteopo-
rotic vertebrae. Although no evident intervertebral cleft
was observed in preoperative radiological images, cement
leakage may have occurred due to the weak structure of the
cortical walls in osteoporotic vertebral bodies that cannot
resist the cement perfusion pressure.

N No
MW Yes

Frequency

Trauma

Osteoporosis

Neoplasm

Pathology

Figure 4. Cement leakage - fracture pathology relationship

The incidence and extent of bone cement leakage invad-
ing the spinal canal in the thoracic group were significantly
higher than those in the lumbar group (10.1% vs. 3.7% and
22.5% vs. 11.4, respectively). This finding suggests that the
morphological features of the posterior wall of the middle
and lower thoracic vertebrae are a risk factor for cement
leakage into the spinal canal during PK [13].

Analysis of the leakage locations showed that the in-
tradiscal space was the most prominent side for cement
leakage in this case series. Nieuwenhuijse. et al. [26] have
reported similar results and attributed this finding to the
frequent connection of intravertebral clefts with the in-
tervertebral disc space. The presence of an intravertebral
cleft was assumed to be a significant predisposing factor
for cement leakage in PV and PK [18].

Some studies have reported that the bilateral percuta-
neous augmentation approach is more effective for pain
relief with the advantage of symmetrical bone cement
distribution in the vertebral body [27, 28]. Alternatively,
the unilateral approach has significant benefits, including
less operation duration and X-ray exposure. Most recent
studies have revealed that the amount of bone cement
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ing to the meta-analysis of randomized controlled
trials involving unilateral and bilateral percutane-
ous vertebral augmentation for osteoporotic compression
fractures. Five of six trials in that meta-analysis included
PK procedures, and the following factors were compared
between the groups: operative method, surgical approach
(unilateral/bilateral), sex, age, number of treated vertebrae,
and cement volume. In that study, the type of anesthesia
was not examined as a risk factor for cement leakage. This
study identified that cement volume and surgical approach
were not risk factors for cement leakage in PK under sedo-
analgesia (p = 0.88 and p = 0.055, respectively). Meanwhile,
the bipedicular approach group had a higher incidence rate
of cement leakage than the unipedicular approach group.
This could be attributed to the wider distribution of bone
cement via the bipedicular approach that resulted in more
cement leakage. Although this finding is consistent with
the results of the study by Chen et al. [22], it did not reveal
a statistical significance (p = 0.055).

The mean operation duration was 39.86 minutes, and
20 of the 165 patients underwent surgery for multiple-
segment fractures. Nevertheless, the mean operation du-
ration in this study was consistent with those in previous
studies [3, 8].

Due to the retrospective nature of this study, operation
comparison is not suitable for the random, control, and
blind methods. Despite this limitation, we believe that the
number of patient cases available is adequate to accept the
results as meaningful.

CONCLUSION

Sedoanalgesia is not a risk factor for cement leakage in
PK. However, sedoanalgesia offers a safe anesthesia option
to avoid possible complications. Only fracture pathology
was shown to be a potential risk factor for cement leakage
in PK.
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AHanu3a paKkTopa pusMKa o4 Lyperba LeMeHTa y nepKyTaHoj kudonaactuum — aa

NW cepoaHanresunja nosehasa pusmuk?
EBpeH Ajgormyc

lpagcka 6onHnya Kaptana, Ap Jlytdu Kuppap’, Ogerserbe 3a Heypoxupyprujy, ictaHbyn, Typcka

CAXETAK

YBoa/LUnrb Hekonvko cTyanja je oLeHnno BpCcTy aHecTe-
3uje kao moryhu paktop pur3mnKa 3a Lypere LieMeHTa y
nocTynuuma nepkyTaHe ayrmeHTaumje knume. OBa ctyaunja
1ma Hajsehy cepujy y nutepaTypu Koja OTKpuBa NofgaTke o
yyecTanocTu Lypera LieMeHTa y NepKyTaHoj Kndonnactuum
noJ cefoaHanresnjom.

Linms ctyguje 6uo je npoueHa moryhe nosesaHocTn nsmehy
cefjoaHanresuje 1 Liyperba LieMeHTa Y KOXKHMM npoLelypama
Kndonnactmke.

Metope Y 0BOj CTyAMjU PETPOCMEKTVNBHO je npernegaHo 195
npesioma BeptebpasiHe KOMNpecuje neyeHnx nepKyTaHoOMm
KndonnacTmkom nop cegoaHanresunjom kog 165 nayujeHara.
MpouetbeHa je noBe3aHoCT n3mMehy cefoaHanresuje u Ly-
perba LieMeHTa y MepKyTaH/M NOCTynuMMa KuponnacTtuke.

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):435-441

Pe3synTtaTtnm [poceyHa cTapocCT ncTpaxunsaHe nonynauuje
6una je 64,37 roguHa (pacnoH 24-108 rogunHa), a ogHOC
MyLUKapaLa v keHa 61o je 71/94. Huje youeHa 3HayajHa pas-
nvKa y yoeny mywkapaua (n =71, 43,03%) v »keHa (n = 94,
56,96%) mehy rpynama. Mebhy 195 npenomsbeHrx cermeHara,
Hajuewhn npenomu cy npumehexn Ha HMBovMa T12 (n =41,
21,02%) n 11 (n = 65, 33,33%).

3aksbyuak CeloaHanresuja Huje GakTop pri3riKa 3a Lyperbe
LileMeHTa y nepKyTaHoj Kndonnactuum v Hyam CUrypHy Mo-
ryRHOCT aHecTe3uje Kako 6u ce nsberne moryhe komnnu-
Kauuje.

KmbyuHe peun: dpaktypa Komnpecuje KMume; nepKytaHa
KnponnacTrka; Lyperbe LleMeHTa; cefoaHanresuja
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Detection of hypotension during spinal anesthesia
for caesarean section with continuous non-invasive
arterial pressure monitoring and intermittent
oscillometric blood pressure monitoring in patients
treated with ephedrine or phenylephrine
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SUMMARY

Introduction/Objective Despite frequent side effects such as hypotension, spinal anesthesia (SA) is still
one of the best anesthetic methods for elective cesarean section (CS). Intermittent, oscillometric, non-
invasive blood pressure monitoring (NIBP) frequently leads to missed hypotensive episodes.

The objective was to compare continuous non-invasive arterial pressure (CNAP) monitoring with NIBP
in the terms of efficiency to detect hypotension.

Methods In this study, we compared CNAP and NIBP monitoring for hypotension detection in 76 patients
divided into two groups of 38 patients treated with ephedrine (E) or phenylephrine (P), during three-
minute intervals, starting from SA, by the end of the surgery.

Results In E group, significantly lower mean systolic blood pressure (SBP) values with CNAP compared
with NIBP (p = 0.008) was detected. By monitoring CNAP, we detected 31 (81.6%) hypotensive patients in
E group and significantly lower number, 20 (52.6%), with NIBP (p = 0.001), while in P group CNAP detected
34 patients (89.5%) and NIBP only 18 (47.3%), p = 0.001. By monitoring CNAP, we detected significantly
higher number of hypotensive intervals in E and P groups (p < 0.001). Umbilical vein pH was lower within
hypotensive compared with normotensive patients in E and P groups, with CNAP and NIBP, respectively
(p <0.001, p=0.027 in E, and p = 0.009, p < 0.001, in P group).

Conclusion CNAP is more efficient in hypotension detection for CS during SA, which allows faster treat-
ment of hypotension, thus improving fetal and maternal outcome.

Keywords: spinal anesthesia; cesarean section; hemodynamic monitoring; hypotension

INTRODUCTION blood acidosis which can reflect on the vitality

of the newborn, Apgar score. Because of poten-

Spinal anesthesia (SA) is the method of choice
for elective cesarean section (CS) despite the
fact that it can cause various side effects such
as hypotension [1-9]. General anesthesia due
to possible difficult intubation and aspiration
can lead to the numerous complications [1].
During CS, SA causes hypotension in ap-
proximately 50-90% of patients [2, 10] because
of the sympathetic blockade [6]. Hypotension is
usually accompanied by maternal nausea, vom-
iting, shivering, respiratory and neural prob-
lems [8]. Hypotension leads to the reduction
in utero-placental blood flow, and umbilical

tial maternal and fetal side effects, hypotension
must be treated immediately, which implies to
the significance of more frequent and precise
monitoring of maternal blood pressure (BP)
[8,10].

Hypotension can be overcome by using dif-
ferent vasopressors. Phenylephrine increases
venous constriction and arterial constriction
binding to alv and ala adrenergic receptors,
which increases BP [5, 11, 12, 13]. Ephedrine
is non-catecholamine sympathomimetic agent,
acting through a, B1, and B2 adrenergic recep-
tors. Ephedrine has predominant indirect mode
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of action, which explains its relatively slow and prolonged
effect [5, 11, 12].

During the past years, continuous non-invasive arterial
pressure (CNAP) monitoring is being used in obstetrics,
but not routinely. CNAP monitor use allows that side ef-
fects of SA during the caesarean section can be minimized
or avoided by rapid detection of BP changes. The CNAP
monitor uses volume clamp method described by Penaz
et al. [14] as “vascular unloading” CNAP measure blood
volume in an artery and kept constant by applying external
pressure. Changes in external pressure keep the arterial
blood volume constant and corresponds to the changes
of arterial pressure [15]. CNAP monitor is not used in
patients with aortic regurgitation, arterial vascular disease,
hypothermia, low perfusion index - PI < 1. Hemodynamic
parameters measurement by classic NIBP monitor might
reduce the chance of recurrent hypotensive episode to be
detected and thus avoided. There is no clinical guideline
for optimal NIBP cycles. Most of the studies analyzed one-
to five-minute cycles. Often NIBP measurement causes
discomfort in patients due to the arm clamping [16]. If a
precise BP measurement is required, continuous invasive
BP monitoring is used, which involves the placement of
an arterial line.

The main goal of this study was to investigate differ-
ences between two different types of monitoring: NIBP
and CNAP in the terms of number of detected hypotensive
episodes and maternal and newborn characteristics, and to
see which of the technique is more confident and reliable.
Our hypothesis is that CNAP might detect higher number
of hypotensive episodes, compared with NIBP.

METHODS

The study was performed as comparative, prospective,
and randomized. The study was conducted in accordance
with the Declaration of Helsinki of 1975, revised, in 2013,
and the protocol was approved by the Ethics Committee
of the Dr Dragisa MiSovi¢ — Dedinje University Hospital
Center in Belgrade no. 01-5293/23. All patients, 76 in total,
gave their written informed consent. All patients were of
American Society of Anesthesiologists (ASA) 1 or 2 physi-
cal statuses. The subjects were primiparous or multiparous
patients in the term pregnancy. All patients were scheduled
for elective CS, according to obstetric indications and had
been examined by the anesthesiologist the day before sur-
gery. Inclusion criteria were; age of the patients between 18
and 40, one fetus, body weight between 50 and 100 kg, and
height 150 cm or higher, difference between arterial pres-
sure of the left and right arm have not exceeded 5 mmHg,
while exclusion criteria were: less than 36 weeks gesta-
tion, cardiovascular diseases, pre-eclampsia, hypertension,
and contraindications for SA. The patients were divided
into two groups of 38 each, and selected to receive either
ephedrine or phenylephrine by a computer-generated ran-
domization table.

Ephedrine, (Galenica Senese, Monteroni d’Arbia, Italy),
E group received infusion at a 5 mg/min immediately after
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SA during the first three minutes. In the cases of more than
20% of the drop of systolic blood pressure (SBP) than the
baseline, rescue bolus dose of 5 mg of ephedrine was given
intravenously (IV). Then, the infusion was continued. If
SBP values increased more than 20% of baseline values,
the infusion was interrupted.

Phenylephrine (Sintetica Spinal Anesthesia, Sintetica,
London, United Kingdom), P group received infusion at
a 25 pg/min dose, starting two minutes prior to SA, and
for the next three minutes. In the cases of reduced SBP
more than 20% of baseline the patients received rescue
bolus dose of 50 ug of phenylephrine, intravenously and
infusion was continued. In the cases of bradycardia, the
patients received 0.5 mg atropine, intravenously. If SBP
was higher than 20% of baseline, phenylephrine infusion
was aborted. Both infusions were administered via infu-
sion pump (Argus 600S, Argus Medical AG, CH 3627
Heimberg, Switzerland).

Patients were in the supine position, with the operating
table tilted 15 degrees to the left.

In our cohort, heart rates (HR) lower than 60 per min
were defined as bradycardia. The drop of SBP values for
more than 20% of baseline value was defined as hypoten-
sion, while the increase of more than 20% of baseline SBP
value was defined as hypertension.

All patients were treated with 50 mg of ranitidine intra-
venously, one hour preoperatively through an IV cannula
inserted into the right arm. All patients received 500 ml of
Hartmann’s solution before entering the operating room
and antibiotic 30 min preoperatively. During the CS the
infusion of Hartmann’s solution was resumed. Baseline
values of BP, HR, electrocardiogram, and oxygen satura-
tion (SpO,) were obtained with DASH® 4000 monitor (GE
Medical Systems Information Technologies, USA). Mean
values of first three successive measurements NIBP on the
surgery table were used as baseline values of NIBP, and
were recorded every three minutes. NIBP cuff was placed
on left arm of the patients.

BP was measured and recorded with LIDCO
Rapid">’CNAP (LIDCO Ltd, London, UK) hemodynamic
monitor, as well. LIDCO Rapid"?CNAP contains a module
for non-invasive continuous monitoring of arterial pres-
sure using a double finger cuff with integrated infra-red
(IR) photo sensor and air bag. Measured IR signal allows
tracking blood volume in the finger. The finger cuff is con-
sisted of the pressure gauge for measuring pressure for
each heartbeat (beat to beat). The graph for continuous
BP is recorded by CNAP module and is analyzed by Pulse
COR algorithm.

Double finger cuff attached to the index and middle
finger of the right arm.

The CNAP monitor was calibrated before the first mea-
surement to the value of the arterial BP of the brachial ar-
tery measured by the NIBP monitor. Calibration was auto-
matic and manual in the event of a drop in BP when values
from the NIBP monitor are entered manually. Lidco Rapid
CNAP technology is also reliable during the application
of vasoactive drugs because it uses the protected VERIFY
algorithm for autocorrection of changes in arterial tone.
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Baseline CNAP is represented by mean CNAP value in
the first minute after the monitor calibration. Time from
CNAP and NIBP monitors were concordant. BP was mea-
sured on both hands at each patient’s (on the right arm via
CNAP, and on left arm via NIBP monitor). Both hands
were at heart level. NIBP measured SBP at three-minute
intervals. At the same time, at each patient SBP was cycli-
cally compared at both monitors. Hypotension treatment
was based on SBP values monitored with CNAP.

Bupivacaine-spinal (Marcaine® Spinal Cenexi-Fontenay),
0.5% 2-2.2 ml, 10-11 mg was given in L3/4 intervertebral
space. SA was given with 25 G “pencil point” spinal needle
(Pencan® B.Braun Melsungen AG Germany) in the sitting
position. Then, the patients were returned to their supine
position, with the operating table tilted 15° to the left.

We have analyzed the number of hypotensive patients
detected by CNAP and NIBP monitor, in both groups, the
number of hypotensive episodes detected by CNAP and
NIBP monitor, in both groups, pH analysis of umbilical
vein, analysis of Apgar score in the first and fifth minute
(HR, respiration, muscle tone, reflex irritability, and skin
color). Apgar score was calculated as sum of points (0-10);
where each parameter carries 0-2 points.

The power of the study at 90% is the result of the as-
sessment of sample size justification, and has been per-
formed before the start of the study. The sample size was
determined by Altman nomogram and confirmed by
calculation with the formula was defined with a total of
76 patients. The data collected were processed in SPSS v.
19.0 (IBM Corp., Armonk, NY, USA) software. For sta-
tistical analysis we used Kolmogorov-Smirnov normality
test, then parametric and non-parametric Student’s t-test,
Mann-Whitney, Pearson’s correlational test, x* test, and
Fisher’s exact test for analysis of frequency distribution; p
values < 0.05 were considered as significant.

RESULTS

In this cohort, we investigated 76 patients planned for CS
under SA, treated with two different vasopressors, 38 treated
with ephedrine and 38 treated with phenylephrine. In both
groups we analyzed and compared 1500 intervals mea-
surements SBP (750 per group) in three-minute intervals

Vukotic A. et al.

Table 1. Patient characteristic data

Group Group
Characteristics ephedrine phenylephrine p

(n=38) (n=38)
Age (year) 32 (4) 309(3.6) | 0.203
Weight (kg) 82.1(9.8) 74.8 (8.8) 0.003*
Height (cm) 169.7 (5.2) 166.9 (6.3) 0.064
Gestational age (weeks) 38.8 (0.5) 38.8(0.6) 0.692
Parity 2(1-3) 2(1-3) -
ASA Class | 24 (63.2%) 24 (63.2) -
ASA Class I 14 (36.8%) 14 (36.8) -

*significant p < 0.05, mean (SD), median (min-max), n (%); Student’s t-test, x°
test; ASA — American Society of Anesthesiologists
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Figure 1. Comparison of mean SBP between E and P groups. Mean
systolic blood pressure (SBP) in mmHg measured with CNAP and NIBP
methods in ephedrine (E) and phenylephrine (P) groups; CNAP - con-
tinuous non-invasive arterial pressure; NIBP — non-invasive blood pres-
sure monitoring; p-values < 0.05 were considered as significant and
is presented by *.

starting with SA, up to the end of the delivery and surgery.
Mean time of data collection was 59 min per patient.
Patient characteristics were shown in Table 1. Patients
from E group were of greater body weight (p = 0.003).
Table 2. shows fetal characteristics measured by the two
methods (CNAP or NIBP) in hypotensive and normoten-
sive patients within E and P groups. Umbilical vein pH was
lower within hypotensive compared with normotensive
patients in E and P groups, with CNAP and NIBP, respec-
tively (p < 0.001, p=0.027 in E, and p = 0.009, p < 0.001,
in P group) (Table 2). Apgar score in the first and fifth
minute did not change significantly, when compared hy-
potensive and normotensive patients in E and P groups

Table 2. Fetal outcome (pH and Apgar score) in normotensive and hypotensive patients within ephedrine and phenylephrine groups

Group Ephedrine Continuous non-invasive arterial pressure device gt s osﬂi!';?g;‘;ﬁzte”al pressure

normotensive hypotensive p normotensive hypotensive p
pH 7.381 (0.055) 7.342* (0.065) < 0.001 7.365 (0.030) 7.359* (0.040) 0.027
Apgar minute 1 9(8-9) 9(8-9) - 9(8-9) 9(8-9) -
Apgar minute 5 10 (9-10) 10 (9-10) - 10 (9-10) 10 (9-10) -
Group Phenylephrine Continuous non—i_nvasive arterial pressure Intermittent oscillometric arterial pressure

device (CNAP) measurement (NIBP)

normotensive hypotensive p normotensive hypotensive p
pH 7.363 (0.063) 7.337%(0.067) 0.009 7.361(0.036) 7.341% (0.036) < 0.001
Apgar 1 minute 9 (8-9) 9 (8-9) - 9 (8-9) 9 (8-9) -
Apgar 5 minute 10 (9-10) 10 (9-10) - 10 (9-10) 10 (9-10) -

*significant p < 0.05, mean (SD), median (min-max), Student’s t-test, Mann-Whitney test
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Figure 2. Percentage of hypotensive patients by CNAP and NIBP monitor in E and P
groups; the percentage of patients with at least one SBP decline by more than 20% from
baseline, detected with CNAP or NIBP in ephedrine (E) and phenylephrine (P) groups;
CNAP - continuous non-invasive arterial pressure; NIBP — non-invasive blood pressure
monitoring
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Figure 3. The incidence of hypotensive episodes in E and P groups by CNAP and NIBP
monitoring. Incidence of hypotensive episodes in the period from spinal anesthesia to
the end of the surgery and in the period from spinal anesthesia to the delivery in A-
ephedrine (E), and B-phenylephrine (P) groups with CNAP and NIBP monitors;

CNAP - continuous non-invasive arterial pressure; NIBP — non-invasive blood pressure
monitoring
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Figure 4. Umbilical vein pH differences within hypotensive and normotensive groups
between CNAP and NIBP monitors; mean umbilical blood pH values within normo and
hypotensive patients in ephedrine (E) and phenylephrine (P) monitored with CNAP and
NIBP monitor; CNAP - continuous non-invasive arterial pressure; NIBP — non-invasive
blood pressure monitoring; significant p < 0.05 is presented by *.

on both monitors (Table 2). Mean values SBP measured
with both monitors in E and P groups were presented in
Figure 1. We detected significantly higher SBP values in E
group, measured by both CNAP and NIBP methods (124.3
CNAP and 126.3 NIBP), compared with P group (119.4
CNAP and 118.5 NIBP), with p < 0.001.

In E group, we detected significantly lower mean SBP
values with CNAP compared with NIBP (p = 0.008, Figure
1). In P group, we did not detect any difference in SBP
values between two methods (p = 0.256, Figure 1).
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DISCUSSION

Percentage of hypotensive patients by
CNAP and NIBP monitor in E and P groups
was shown in Figure 2. In E group by CNAP
method, 31 (81.6%) patients experienced
hypotension, while significantly lower num-
ber of patients experienced hypotension, ac-
cording to NIBP monitoring, 20 (52.6%),
(p = 0.001, Figure 2). In P group, hypoten-
sion was detected within 34/38 (89.5%) pa-
tients by CNAP monitoring, while accord-
ing to NIBP monitoring 18 (47.3%) patients
had hypotension (p = 0.001, Figure 2).

In E group, during the 750 measurements
of SBP per every 3 min, hypotension was
detected in 420 (50.6%) measurements with
CNAP, while only in 42 (5.6%) measure-
ments with NIBP (p < 0.001, Figure 3). In P
group, CNAP monitor detected hypotension
in 521 (64.7%) cycles of measurement, while
with NIBP only 62 (8.3%) measurements in-
dicated hypotension (p < 0.001, Figure 3).

Significantly higher incidences of hypo-
tensive intervals were detected to the mo-
ment of the delivery with CNAP monitor
(42.2% hypotensive episodes in E group and
59% in P group, i.e., in 83.3-91.2% of cases,
Figure 3). NIBP monitor did not show any
significant differences in both groups. (5%
hypotensive episodes in E group and 8% in
P group, i.e., in 89-96% of cases, Figure 3).
In the cases of hypotensive periods to de-
livery, CNAP showed significantly higher
number compared with NIBP in both, E and
P groups (p < 0.001, Figure 3).

Mean values of umbilical vein pH were
lower within hypotensive compared with
normotensive patients in E and P groups,
with CNAP and NIBP measurements, re-
spectively (p < 0.001, p = 0.027 in E, and
p =0.009, p < 0.001, in P group) (Figure 4).

Additionally, we performed correlational
analysis between E and P groups (Table 3),
which additionally confirms results from
umbilical pH analysis presented on Figure
4. Lower pH values within hypotensive pa-
tients are confirmed in correlational analy-
sis. We detected negative correlation with
moderate correlational coefficient -0.468
with very low p value (p < 0.001, Table 3,

Pearson’s product moment) between mean pH values and
number of hypotensive episodes on E group, which means
that higher number of hypotensive episodes might be as-
sociated with lower pH values in E group and vice versa.

Up to now, there has been no precise definition of hypoten-
sion in the literature and practice. Majority of the studies
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Table 3. Associations between SBP, hypotension incidence, and pH

in Eand P groups

Parameter pHE pHP
rho=0.161" rho=-0.116"
SBP
p <0.001 p =0.002
rho=-0.236" rho =-0.035
ASBP
p <0.001 p=0.358
Incidence of hypotension rho =-0.468" rho =-0.108"
(number of patients) p <0.001 p=0.004
Incidence of hypotension rho =-0.100" rho = 0.046
in number of intervals p =0.006 p=0216

Correlation at the 0.01 level (2-tailed)-** was considered as significant;
SBP - systolic blood pressure; E - ephedrine; P - phenylephrine; Pearson’s
correlational test

use the drop of 20% of baseline BP, or use the value of
systolic BP below 100 mmHg as hypotension [17]. Besides
the hypotension definition, type of monitoring also may
impact on efficiency of hypotension detection and thus its
prevention and treatment [10, 18, 19]. Stenglova and Benes
[19] reviewed and emphasized that even a short period
of hypotension, especially if they are more frequent, may
significantly influence on postoperative recovery.

Ilies et al. [10], Juri et al. [18] are among the first authors
who compared differences in number of hypotensive epi-
sodes between continuous and intermittent monitoring.

Although hemodynamic changes during CS have al-
ready been measured continuously [10, 18, 20, 21], to the
best of our knowledge, this is the first study that investi-
gates differences in hypotensive episodes by using DASH®
4000 monitor, non-invasive intermittent oscilloscopic
compared with parameters measured with continuous
LIDCO Rapid">CNAP monitoring system within the pa-
tients treated with E and P vasopressors.

Juri et al. [18] compared ClearSight™ system (Edwards
Lifesciences, Irvine, CA, USA) with classical BP monitor-
ing within 40 patients and have shown ClearSight™ system
use resulted in lower rates of hypotension and nausea than
use of regular oscillometric BP monitor.

Han et al. [16] give the advantage to CNAP monitoring
compared with NIBP monitoring in the hemodynamic
stability maintenance, and maternal and fetal outcome.
Their study has shown similar incidence of detected hy-
potensive periods in both groups (NIBP-N and CNAP-C).
Significantly lower incidence of severe hypotension was
detected in C group, because it was significantly earlier
discovered and treated.

In our research, we have compared results of SBP and
umbilical vein pH measured with both, CNAP and NIBP
monitoring systems. Interestingly, we detected signifi-
cantly lower mean values of SBP with CNAP compared
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with NIBP measurement in E group, but not in P group.
Number of hypotensive patients significantly differed
between CNAP and NIBP in both, E and P groups. In
E group, according to CNAP monitor, 81.6% of patients
experienced hypotension, and 52.6% according to NIBP,
while in P group, CNAP detected 89.5%, and NIBP only
47.3% hypotensive patients. Similarly, Ilies et al. [10], com-
pared two techniques CNAP by CNAPTM Monitor 500,
(CNSystems Medizintechnik, Graz, Austria), and oscil-
lometric [non-invasive arterial pressure measurement,
(NIAP)]. They also showed that CNAP detected lower
values of BP, than NIAP. CNAP detected hypotension,
within 91% patients, while NIAP only within 55%. Of the
total number of three-minute intervals, CNAP detected
39% as hypotensive and NIAP 9%. This may be due to
differences in protocols, differences in vasopressors used,
and their mode of application.

In our research, we have also measured number of hy-
potensive episodes up to the end of the surgery, where
we have also found significantly higher number detected
with CNAP compared with NIBP in both, E and P groups.

Numerous studies have shown that hypotension leads to
the decrease in pH umbilical blood [22] or a lower Apgar
score [23].

Similarly, Ilies et al. [10], in our research, mean umbili-
cal vein pH values were lower within hypotensive patients,
on both, CNAP and NIBP in E and P groups. Apgar scores
at the first and fifth minute were not different between
hypotensive and normotensive mothers.

The major limitation of the study was that we mea-
sured SBP at three-minute intervals. But, if we had been
measuring with one- or two-minute intervals with NIBP,
discomfort of patients would be much greater.

CONCLUSIONS

This study has found that hypotension during CS is more
readily detected with CNAP than with NIBP monitor. Our
results showed that in both examined groups of vasopres-
sors on both monitoring systems, lower pH values were
detected within hypotensive patients.

Continuous monitoring enables clinicians to track and
detect hypotension more precisely and efficiently than in-
termittent. Not only the type of monitoring is important,
but also the type of vasopressor, as well. Further researches
are needed which will involve much detailed information
on hemodynamic changes and patients’ outcome at differ-
ent time points during the surgical procedure.

Conflict of interest: None declared.
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OTKpuBakE XMNOTEH3Mje TOKOM CNUHA/NHE aHeCcTe3uje 3a LLapCKu pe3
KOHTUHYMPAHMM HEMHBA3UBHUM npahetbem apTepujcKOr NPUTUCKA 1
MHTEPMUTEHTHUM OCLMIOMETPUjCKUM npaherbem KpBHOT NPUTUCKA Kog bonecHuya
TpeTupaHux epegpuHom nnu peHnneppmHom
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'KnuHnyko-6onHnuky ueHtap ,Jp Oparuwa Muwoswuh - leanibe’, KnuHuka 3a aHecTesnonorujy ca peaHumatonorujom, beorpag, Cpbuja;
*YHuusep3utet y Kparyjesuy, OakynTeT MeauLIMHCKIX HayKa, KparyjeBal, Cpbuja;

3KnuHuukn ueHTap Kparyjesal, Cnyx6a 3a aHecTe3ujy 1 peaHumaumjy, Kparyjesal, Cpbuja;

“®oHpaumja HaumoHanHe 3ppaBcTBeHe cyx6e bonHuue kpameBckor Konella, Oferbetbe 3a aHecTe3ujy, UHTEH3VBHY Hery v Tepanujy 6ona,
JlonzoH, YjeanmeHo KparbeBcTso;

SMIHCTUTYT 33 opTOMeACcKO-XMpypLIKe 6onectn,baruua’, Cryx6a 3a aHecTe3ujy, peaHMMaTomnorujy 1 UHTEH3NBHO Neveke, beorpag, Cpbuja;
YHuBep3uTeT y Beorpagy, MHcTuTYT 3a HykneapHe Hayke ,BuHua’, Jlabopatopuja 3a pagro6uonorujy 1 monekynapHy reHeTiky, beorpag, Cpbuja;

’KnuHnuko-6onHnukn LeHtap, Jp Oparuwa Muwosuh - lennme’, KnuHuka 3a xupyprujy, beorpag, Cpbuja;

8YHnBepanTet y beorpaay, MeanunHcku dakyntet, beorpag, Cpbuja

CAMXETAK

YBoa/Lymb YNpKoc YecTim HeXerbeHM epeKTMa Kao LTO je
XWMOTEH3Mja, CMHa/Ha aHecTe3uja je 1 Aasbe TexHUKa n3bopa 3a
MaHpaHu LLapcku pes. IHTepMUTEHTHO HelHBa3VBHO Npahetbe
KPBHOF MPUTMCKa YeCTO He AeTEKTYje XMMOTEH3MBHE enu3oge.
Linb oBe cTyauje je 610 fa ce ynopeam KOHTUHYMPaHO HEUH-
Ba3VIBHO npaherbe apTepujcKor MPUTMCKa Ca UHTEPMUTEHTHIM
HenHBa3VBHUM Npaherem KPBHOT NpUTMCKa Y cmmciy edrkac-
HOCTV Y OTKpMBatby XUMOTEH3Nje.

Metoge YnopehusaHu cy ccTeMu 3a KOHTUHYMPAHO HEWH-
Ba3vBHO Npahere apTepujcKor NPUTUCKA N MHTEPMUTEHTHO
HenHBa3VBHO Npaherbe KPBHOT MPUTKCKA Pagam AeTeKuuje Xu-
roTeH3uje Kof 76 6onecHuLa NoferbeHnx y ABe rpyne of no 38
6onecHuLa, TpeTrpaHux edenpuHom (E) nnu eHnnedpprHom
(®), Ha cBaKa TpY MMHYTa, NOYEBLUM Of CMINHANHE aHecTe3uje
na cBe [0 Kpaja onepaumje.

Pesyntatu Y rpynu E cy feTeKToBaHe 3HaTHO HUXe cpeftbe
BPeAHOCTY CUCTOIHOT KPBHOT MPUTVCKA KOHTUHYVPaHUM He-
MHBa3VBHUM Npaherem apTepmjckor NpuTncka y nopehery ca
VNHTEPMUTEHTHVIM HEMHBA3VBHUM Npaherem KPBHOT MPUTICKa
(p = 0,008). KOHTMHYVPaHUM HeMHBa3VBHUM Npaherem apTe-
puijcKor NpuTUCKa feTeKToBaHa je 31 (81,6%) XxvunoTteH3nBHa 60-

necHuua y rpynu E v 3HaTHO Makbm 6poj, 20 (52,6%) bonecHuua,
VHTEPMUTEHTHM HEMHBA3VIBHUM Npaherem KPBHOT NpUTMCKa
(p=0,001), ok je y rpynvi @ KOHTUHYMPaHUM HEVHBA3VUBHIM
npaherem apTepumjcKor NpUTUCKa AeTEKTOBaHa XM1MNOTEH3Mja
Kof, 34 6onecHuue (89,5%), a UHTEPMUTEHTHUM HEUHBA3VB-
HUM npaherem KpBHOT NpuTtncKa Kog 18 (47,3%) 6onecHuua,
p =0,001. KOHTUHYVpaHUM HeWHBa3UBHUM Npaherem apTe-
pujcKor MPUTUCKA AeTEKTOBaH je 3HaTHO Behin 6poj xnnoTeH-
31BHUX enmn3ofa y rpynama En @ (p < 0,001). pH BpegHoCTM
yMOUIMKanHe KpBu bune cy 3HauyajHO HUXKe KOf XUMOTEH3UBHIX
Y OAHOCY Ha HOpPMOTEH3MBHe 6onecHuue y rpynama Eun @, n
Ca KOHTVMHYMPaHUM HeVHBa3VBHMM Npaherem apTepujckor
NPUTACKA Y IHTEPMUTEHTHUM HEeVHBA3VBHUM Npaherem Kp-
BHOT NPUTUCKa, pecnekTrBHo (p < 0,001, p = 0,027 y rpynun E, n
p=0,009, p <0,001yrpynu ®).

3aksbyyak KoHTHYMpaHO HeMHBa3VBHO Npahete apTepujckor
NPUTKCKA je MHOTO epuKacHuje y OTKpKBakby XMMOTEeH3Wje To-
KOM LIlapCKOT pe3a y CryHanHoj aHecTesuju, Wwto omoryhasa
61 TPeTMaH 1 Matbe HexerbeHrx edekata Kog Majke 1 Ho-
BOpoheHyeTa.

KrbyuHe peun: cnviHanHa aHecTesuja; Liapcku pes; XeMofHaM-
cKo npaheme; xunoTeHsuja
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SUMMARY

Introduction/Objective The increased presence of lipid particles in blood is one of most common
reasons that transfusion units are unusable. The risk factors for lipemic plasma in donated blood are not
completely known. The aim of this study is to identify the factors that influence plasma to be fatty so
that we can prevent further storage costs and eliminate unusable transfusion units.

Methods This case—control study was conducted in 2017, and 1552 respondents were included in the
study. The control group included 1502 subjects whose blood was not lipemic, while 50 patients with
lipemic blood were selected for the case group. The presence of lipemic blood was assessed by inspec-
tion, while data were collected by clinical laboratory tests and a questionnaire.

Results Our findings show that multiple blood donors with lipemic blood were significantly old-
er (p < 0.0005) and have higher systolic and diastolic pressure (p < 0.0005), high triglyceride levels
(p < 0.0005), and lower levels of hemoglobin (p < 0.0005). Additionally, the presence of lipemic plasma
was associated with female sex (p = 0.002), blood type (p = 0.016), heart disease (p < 0.0005), smoking
(p < 0.005), diabetes (p = 0.001), lipid intake prior to blood donation (p < 0.005) and venipuncture therapy
(p < 0.0005). Systolic pressure is a reliable predictor of lipemic blood (AUROC = 0.901, p < 0.0005).
Conclusion Our study provided a rational explanation and identified some of the risk factors that may

help identify potential donors with lipemic blood.

Keywords: blood transfusion; blood donors; plasma; preventive measures; cholesterol; triglyceride

INTRODUCTION

The availability of safe blood and blood prod-
ucts has always been a key strategy for address-
ing health-related challenges [1, 2, 3]. In trans-
fusion practice, blood and blood components
with changed plasma color are often present
[4]. Color changes occur due to factors such as
hemolysis, bacterial contamination, bubble for-
mation, the presence of clots and fibrin strands
and bright yellow to brown lipemic plasma with
a specific “strawberry milkshake” appearance
[4]. The increased presence of lipid particles
in the blood is called lipemia and is one of
most common reasons why transfusion units
are unusable [4]. The causes of occurrence
are different, but lipemia is usually associated
with excessive nutrition [2, 5]. Donors who eat
a fatty meal before donating blood are known
to have an increased plasma triglyceride con-
centration for several hours. [6]. Other causes
of lipemia include conditions such as obesity,
diabetes mellitus, Cushing disease, acromegaly,
nephritic syndrome, hypothyroidism, pregnan-
cy and the use of various medications [4].
Increased blood fat values are associated
with atherosclerotic diseases and heart disease

and greatly increase the possibility of the oc-
currence of blood pressure and stroke [7].
Low-calorie nutrition and some foods, such as
vitamins, minerals, and unsaturated fatty acids
(omega 3), reduce the level of fat in blood [7].

There are no up-to-date international trans-
fusion guidelines [4]. Therefore, some trans-
fusion centers use visual inspection to detect
the turbid appearance of plasma [8]. Further,
the effects of lipemic plasma or platelet dona-
tions on recipients are not known [4]. Similarly,
some countries consider lipemic units accept-
able for transfusion [4]. However, excessive
lipemia obstructs testing of all blood compo-
nents and is a rational reason to discard such
blood units [4]. This has been applied in our
practice in compliance with the Blood Safety
Strategy implemented by the Government of
the Republic of Montenegro and Institute for
Blood Transfusion of Montenegro since 2006
and in accordance with EU Directives 2002/98
EC and the WHO resolution on the availability,
safety and quality of blood products.

We tried to discover the collaboration and
the origin of the factors that affect the oc-
currence of increased fat content in donated
blood. Knowledge about risk factors and what
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is causing the risk may provide options for the prevention
of lipemic plasma donation. The presence of large numbers
of such transfusion units in the future could lead to an even
greater increase in costs related to the process and length
of this type of treatment [1, 9].

METHODS
Ethical approvals

The study was conducted at the Blood Transfusion Institute
of Montenegro, Bar Organizational Unit, Bar, Montenegro.
Patients included in the study gave their informed consent,
and the research project was approved by the ethics com-
mittees of the University Medical Center Kragujevac, Serbia.
Additionally, the study adhered to the Principle of Good
Clinical Practice and the Declaration of Helsinki at all times.

Study design and study population

This case-control study was conducted in 2017. In the
observation period, 1639 respondents self-reported as po-
tential blood donors, of whom 127 were rejected as ineli-
gible. The survey included the remaining 1552 respondents
(1512 seemingly healthy service providers and 40 patients
treated with venipuncture). Of the 1512 healthy donors,
10 gave lipemic blood (Table 1).

Table 1. Study participants

Reaandre n Normal plasma | Turbid plasma
P (control group) | (case group)

Potential blood donors | 1639 - -

Rejected as ineligible 127 - -

seemingly healthy 1512 1502 10

service providers

Paqents treated with 20 0 40

venipuncture

Total 1552 1502 50

The respondents were divided into two groups. The
control group consisted of 1502 subjects whose blood was
not lipemic and consisted exclusively of healthy donors.
For the group of cases, 50 subjects with lipemic blood were
selected, which consisted of the healthy donors who gave
lipemic blood - 10 previously mentioned persons — as well
as patients treated with therapeutic venipuncture - 40 sick
persons (Table 1).

The basic criteria for assessing donor eligibility were
18-65 years of age, body weight over 55 kg, hemoglobin
values (in males, higher than 135 g/l; in females, higher
than 125 g/l), blood pressure values (systolic 120-150
mmHg; diastolic 80-100 mmHg) and the presence of el-
evated glycemia (greater than 6.1 mmol/l). To examine
the factors whose elevated values affect the appearance
of lipemic blood, we included 40 patients undergoing ve-
nipuncture (hypertension, other cardiovascular disease,
obesity, and blood with an elevated erythrocyte count) in
the study. According to the clinical and laboratory findings,

‘ DOI: https://doi.org/10.2298/SARH200919040R
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these subjects are not eligible as donors and based on the
presence or absence of blood fat, were grouped into a
control or a case group. Subjects who were undergoing
therapeutic venipuncture included persons 65 years and
older who weighed significantly more than 55 kg and had
elevated values of the parameters tested (blood pressure,
hemoglobin levels, and glucose levels) and/or the presence
of chronic diseases (diabetes and cardiovascular disease).

Data collection

Before giving blood, all subjects routinely had their blood
type and Rh factor determined and laboratory glucose and
hemoglobin values, body weight, and blood pressure values
measured. Respondents completed a questionnaire com-
piled according to European blood donation directives,
providing data on sex, age, habits (alcohol and smoking),
the presence and type of chronic diseases, previous injuries
and surgeries, and the possible presence of infectious and
blood-transmissible diseases. Based on the survey ques-
tionnaire and clinical laboratory analyses, part of the ana-
lyzed data was collected, and donor eligibility was assessed.

Blood collection and laboratory analyses

A total volume of 350-450 ml of blood was collected into
standardized blood bags of foreign production (Terumo
Corporation, Tokyo, Japan). Citrate-phosphate-dextrose-
adenine (CPD) and CPD A1l were used as anticoagulants
in the blood bags, each with a duration of 28-42 days. The
majority of blood was collected at the Blood Transfusion
Department in Bar (80%), while the rest of the blood was
collected as voluntary blood donations in the field (20%).
The blood units taken were stored at 4°C. After 3-5 hours,
by inspection, we detected and recorded the presence of
turbid and greasy contents in the bags. Milky and fatty
units were removed, while unchanged units were sent for
centrifugation and then divided into fractions. All blood
units were processed according to the Standard Operational
Procedures for treatment with blood and converted into
two fractions: fresh frozen plasma and concentrated eryth-
rocytes [1, 10]. Plasma units in which milky color and lipe-
mic content were detected were recorded and eliminated
from further use, as were erythrocytes obtained by this
procedure. The processing was performed by adequately
trained staff on the appropriate standardized equipment.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, Version 20.0. (IBM Corp., Armonk,
NY, USA). Continuous variables were presented as the
mean + standard deviation. Comparisons between two
groups were analyzed by t-test or the Mann-Whitney
U-test. Comparisons of categorical data between the
groups were performed by the ¥’ test or the Fisher’s exact
test. Univariate and multivariate binary logistic regression
analyses, including odds ratios, were performed to deter-
mine the effects of each factor on the dependent variable
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Table 2. Lipid levels in the study

T - Turbid | Turbid | Normal | Normal
r:r?\ol/l Y plasma | plasma | plasma | plasma SD 95% Cl pz
SD % SD % X
Total cholesterol 0.98 1.96 1.88 0.12
Desirable (< 5.2) 36.97 7394 | 1360.5 | 90.57 010
Borderline high 0.63-0.54
(5.2-6.1) 924 | 1848 | 1246 | 825 | (0.63-054)
Low (> 6.2) 2.52 5.04 15.02 1
HDL 0.11 0.22 495 0.33
High (> 1.55) 0.25 0.5 688.96 | 45.87 4.84 <001
Medium (1.03-1.54) | 429 | 858 |711.94 | 474 (4.43-5.29) ’
Low (< 1.03) 45.35 90.7 96.12 6.4
LDL 0.86 1.72 21.02 1.4
Low (< 1.55) 0.315 0.3 132326 | 88.1 20.17 <001
Medium (1.55-4.52) 3.94 6.08 139.68 9.3 (18.46-22.054) ’
High (> 4.53) 45.9 91.8 18.02 1.2
Triglycerides 0.87 1.75 24.7 1.6
Normal (< 1.70) 1.6 3.2 1108.73 | 73.8
Borderline high 23.83
(1.7-2.25) 0.75 1.5 184.30 12.3 (21.82-26.057) <0.01
High (2.26-5.64) 25.6 51.2 181.27 12.1
Very high (> 5.65) 211 42.35 3 0.2
Total 50 100% 1502 100%
HDL - high-density lipoprotein; LDL - low-density lipoprotein
Table 3. Numerical variables in relation to lipemic blood
. Not lipemic blood Lipemic blood
Variable - - - - p
Arithmetic mean +SD | Arithmetic mean + SD
Age 40.74 £11.72 57.1+12.47 < 0.0005
Systolic pressure (mmHg) 129.77 £ 6.62 156.1 £+ 15.98 < 0.0005
Diastolic pressure (mmHg) 86.29 +5.58 102.8 +10.46 < 0.0005
Hemoglobin (g/1) 143.88 +5.58 138.08 + 4.66 < 0.0005
Weight (kg) 84.68 + 5.84 87.84+6.8 0.002
Table 4. Lipemic blood compared to categorical variables
Variable Lipemic blood | Non-lipemic blood p
Male 40 (2.8%) 1395 (97.2%)
Sex 0.002
Female 10 (8.5%) 107 (91.5%)
A 11 (1.8%) 591 (98.2%)
B 13 (5.6%) 221 (94.4%)
Blood type 0.041
AB 4 (3.8%) 102 (96.2%)
0 22 (3.6) 588 (96.4%)
) Basic and less 16 (15.8%) 85 (84.2%)
Professional Medium 33 (2.3%) 1381(97.7%) | <0.0005
qualifications
High and higher 1(2.7%) 36 (97.3%)
) No 47 (3%) 1500 (97%)
Retiree 0.001
Yes 3 (60%) 2 (40%)
i No 42 (2.7%) 1496 (97.3%)
Heart disease < 0.0005
Yes 8(57.1%) 6 (42.9%)
High blood No 48 (3.1%) 1502 (96.9%) 0.001
glucose Yes 2(100%) 0 (0%) '
i N 28 (1.9% 1484 (98.1%
Venipuncture o (1.9%) ( 6) <0.0005
therapy Yes 22 (55%) 18 (45%)

(fatty blood). A receiver operating characteristic (ROC)
curve was generated, and the area under the curve (AROC)
was calculated. Sensitivity and specificity for the optimal
cut-off value were calculated. Differences were considered

significant at p < 0.05.
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RESULTS

During the study, out of the 1639 people
who volunteered for donation, a total
of 127 were rejected (7.8%) for various
reasons. Seemingly healthy service pro-
viders (1512) and patients treated with
venipuncture (40) constituted a group of
1552 respondents. Of this number (1552),
50 individuals donated lipemic blood that
was then discarded (3.2%), of which 10
units were from seemingly healthy do-
nors and 40 units were from sick persons
treated with venipuncture (Table 1). In
developed countries of Europe, this per-
centage ranges 0.05-0.15%.

The total cholesterol level was 0.1
(-0.63 to -0.54) higher in turbid/lipemic
plasma cases than in the control group.
Additionally, high-density lipoprotein
cholesterol levels were higher in donors
with turbid plasma than in the control
group 84 (4.43-5.29), and low-density li-
poprotein cholesterol was 20.17 (18.46-
22.05). The value of triglyceride was also
higher at 23.83 (21.82-26.05) in donors
from the case group compared to those
from the control group who gave normal
plasma (difference, 95% CI) (Table 2).

The donors whose blood was lipemic
were significantly older (p < 0.0005) and
had higher systolic and diastolic pressure
(p < 0.0005), a higher body mass index
(p = 0.022), and a lower level of hemo-
globin (p < 0.0005) (Table 3). Women
(p =0.002), diabetic patients (p = 0.001),
and donors with heart disease who were
treated with venipuncture (p < 0.0005)
had a higher percentage of lipemic blood
(Table 4). Interestingly, the occurrence
of lipemic blood depended on the blood
group (p = 0.041), professional quali-
fication (p < 0.0005) and occupation
(p < 0.0005) (Table 4). Fear, Rh factors,
injuries, alcoholism, psychoactive sub-
stances, suspicion of the presence of
transmissible diseases, places of blood
collection, other diseases and seasons
were not statistically significantly related
to the donation of unusable lipemic units.

The univariate binary logistic regres-
sion showed that the appearance of fatty
blood was influenced by age (p < 0.0005),
systolic pressure (p < 0.0005), diastolic

pressure (p < 0.0005), hemoglobin level (p < 0.0005),
female sex (p = 0.001), blood group A (p = 0.016), pri-
mary schooling (p < 0.0005), working status retiree
(p < 0.0005), and venipuncture therapy (p < 0.0005)

(Table 5). Multivariate binary logistic regression showed
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Table 5. Influence of examined variables on the occurrence of lipemic blood
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especially in countries where the standard

Univariate binary Multivariate binary of living is quite low. The leading cause of

Variable regression regression unusable blood units in our research is the
Risk quantity p_ | Riskquantity P presence of fat content in fresh frozen plasma

Age . .091;)1_-?1 65 | <0.0005 produced immediately after collecting bloocll.
. 168 166 We showed that the percentage of unused li-
Systolic pressure (mmHg) (1139-1.197) | 00005 ] 4 138 1 79q) | <0.0005 pemic blood units is 22.1%, which is quite
o 1246 high. The reasons for unusable plasma units
Diastolic pressure (mmHg) | 1 57 593) | <0:0005 are also found in some insufficiently edu-
Hemoglobin (/] o7 1()67—?818) <0.0005 c?t.ed blood donors in terms of diet t?efore
giving blood. As all the blood collected in our

Female (1_5362_56%_98) 0001 |, ;52—182.;738) 0.022 blood transfusion department is processed
0435 into fresh frozen plasma, it is only then that

Blood group A (0.221-0856) | 2016 it is possible to notice the fat content in the
Primary school 7.845 - 0.0005 bag with the ple.lsma. Such a plasm? b.ag, due
(4.165-14.777) to the unauthorized presence of fat inside, au-

Pensioner (7.81‘:17—?;;.282) <0.0005 to.matic.ally b.ecomes unusable [11, 12]. In line
with this, milky plasma due to the presence

Therapeutic venipuncture (31.332‘_717 383.95) <0.0005 of fat constitutes the strictest ban on its use

ROC Curve

Sensitivity

0.0 T T T T T
0.0 0.2 04 08 08 10

1 - Specificity

Diagonal segments are produced by ties.

Figure 1. Receiver operating characteristic (ROC) curve for systolic
pressure; systolic pressure may be a marker indicating to lipemic
blood (the area under the ROC = 0.901, p < 0.0005) if we use systolic
pressure cut-off value of 140 mmHg (sensitivity = 0.740, specificity
= 0.985; negative predictive value = 0.991, and positive predictive
value = 0.627); 94.3% of blood donors with systolic pressure above
150 mmHg had lipemic blood

that the appearance of fatty blood affected systolic pressure
(p < 0.0005) and female sex (p = 0.022) (Table 5). The risk
quantity for systolic pressure was 1.166 (1.138-1.196), and
for females it was 3.218 (1.185-8.738) (Table 5).

The ROC curve shows that systolic pressure may be
a marker indicating lipemic blood (AUROC = 0.901,
p <0.0005) (Figure 1).

DISCUSSION

Blood treatment is an expensive process, and blood collec-
tion has always been extremely demanding and difficult,

‘ DOI: https://doi.org/10.2298/SARH200919040R

in transfusion treatment [13]. Vassallo and
Stearns [3] reported a detailed study of the occurrence of
lipemic plasma, its composition — particularly the level
of triglycerides that is significant for the onset of many
diseases and draws attention to the habits of donors, risk
factors and the possibility of removing these phenomena.
de Kort et al. [14] observed the reasons for the refusal of
blood donors following the relationship between the Dutch
and the general population, as well as the possibility of
disease occurrence with the popularization of a healthy
lifestyle. Some authors try to introduce new methods for
treating various metabolic diseases, especially fatty liver
and diabetes [15]. This is possible by the identification
of bioactive lipids and their mechanisms of action [16].
The problem of the presence of fat in donor blood and
the consequent association with the onset of cardiovascular
diseases has long attracted the attention of many authors
(1,2, 17, 18, 19]. Wittock et al. [20] observed the demo-
graphic characteristics of donors across Europe, bringing
them into the relationship between the presence of fat in
the blood and the onset of cardiovascular diseases. One of
the leading causes of these diseases is the presence of fat
in donor blood [20]. On the appearance of fat in donor
plasma, Peffer et al. [2] pointed out in his study that it is
linked to risk factors and the occurrence of many heart
and blood vessel diseases. The aim of this study was to
objectively determine clouding and to identify risk fac-
tors for cloudy plasma [2]. Donors that have given cloudy
plasma have a less favorable cardiovascular profile than
other donors [2]. The most common independent risks
are consuming dinner, high levels of triglycerides and
smoking [2]. Adverse health behaviors (smoking, poor
diet, higher body mass index, and unhealthy lifestyle)
combined with risk factors (hyperlipidemia, hypertension,
and diabetes) lead to the development of cardiovascular
diseases (85-95%) [17]. Elimination of unhealthy habits
and using aspirin can help in the treatment [17]. O’Neill
et al. [21] found several factors associated with what we
assessed to be “appropriate” documentation of risk factors
sufficient for cardiovascular risk assessment, such as an
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increasing number of clinical encounters, male sex, and
increasing BMI and age. The focus of the research was
the relationship between the composition of lipid plasma
and the appearance of cardiovascular diseases, as well as
elevated serum lipid levels and the appearance of coronary
heart disease [18, 19]. Many risk factors that lead to the
onset of this disease have been described [19]. Goel et al.
[1] showed the risks of cardiovascular disease due to the
presence of fat in donor blood and the manner of their
care and treatment. Otherwise, cardiovascular diseases
prolong the length of treatment for sick donors, shorten
their length and quality of life and permanently eliminate
them from the blood donation process [2, 12].

Some of the authors have also observed sociological
moments that influence donor motivation for giving
blood [1, 22, 23]. Their goal is to increase the number
of healthy blood donors. In two independent studies, the
authors showed a change in the behavior of blood donors,
according to the diverse social circumstances in which they
are found. They emphasize the importance of sociological
institutions in increasing the number of fully healthy blood
donors [22, 23]. Unequivocally, it is easier to motivate a
satisfied donor to give blood [24]. In our community, quite
a large number of blood donors are unemployed, and they
have a major problem supporting themselves; therefore, it
is difficult to motivate them to give blood. In addition, they
have poor and irregular nutrition, which certainly affects
the presence of fat in their blood [25].

Most authors advocate mandatory testing of the level
of fat in blood donors. In this way, it would be possible to
profile the production of lipids in blood donors, which
would contribute to more effective treatment of persons
with an increased content of fat in their blood [26]. The
presence of fatty blood from donors suggested the stan-
dardization of detection through testing, as well as docu-
mentation that contributes to the optimal resolution [27].
In a case—control study, Si et al. [28] analyzed 61 lipidomic
markers in baseline plasma using targeted nuclear mag-
netic resonance spectroscopy. Pechlaner et al. [10] showed
patents for cardiovascular diseases biomarkers that refer
to the standardization of blood lipidemia measurements.
Beginning in 2016, in our practice, all donors with a re-
corded finding of increased fat in plasma bags, present
in two consecutive cases after giving blood, are person-
ally informed of the findings and are obliged to undergo
a medical examination.

Our study indicates that older donors, higher blood
pressure, lower levels of hemoglobin, increased body
weight, profession pensioner, venipuncture therapy, and
some blood groups significantly increase the risk of fat
presence in blood or plasma (Tables 3 and 4). The reason
is irregular diet, low social status of donors, and the more
frequent occurrence of disease among elderly persons. We
showed that the value of systolic pressure is a reliable pre-
dictor of lipemic blood (Figure 1). Previous research has
shown the association between the presence of fat in the
blood and older age and the time of day when the blood
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was taken [29]. Female sex and lower education levels (pri-
mary school and less) also lead to a higher risk of blood
being fatty (Table 4). It has been proven that women are
more inclined to increase body mass than men. People
with lower levels of education consume higher amounts
of fat in their diets compared to people with higher edu-
cation levels [14]. The blood of donors with blood group
A has a lower risk of being fatty than the blood of donors
in other blood groups. This data has to be regarded with
certain amount of reserve due to the fact that there was a
relatively small number of tested donors with blood type
A (11 donors). Our findings could be verified in a more
extensive study in the future. Blood group B donors have
a higher risk of fat presence in their blood. In our commu-
nity, the highest percentage of individuals in blood group
B are members of the Roma population, and their diet can
explain the increased presence of fat in the blood of donors
with this blood group (Table 5).

We have also introduced continuous education of blood
donors by blood transfusion teams in our service, which,
through lectures and written flyers for donors, point out
the danger of the presence of an elevated level of fat in
the blood, resulting in severe cardiovascular disease.
A healthy lifestyle is proposed, as well as proper nutrition
with reduced intake of fat through meals.

CONCLUSION

Our study provided a rational explanation and identified
some of the risk factors that may help in the identification
of potential donors with lipemic blood.

Determining the presence of these risk factors in donors
and excluding them from the blood donation process can
reduce the cost of storage and elimination of lipemic blood
units. Additionally, such testing can assist in the early di-
agnosis and timely treatment of some chronic diseases of
potential “healthy” donors. The detection of such blood
donors and the speed of their care and treatment must be
priorities in the future. Further, larger studies are neces-
sary to confirm the effects of lipemic blood units and the
safety of their recipients.
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Pa31031 HeynoTpe6/bMBOCTU IMNEMUYHE KPBHE NJIa3Me Y TPAHCPY3UONOLLKOM edery
[paraH Pagorounh', Cawa Panuesnh??, Jywko Kmbakuhl', MupjaHa Bapjaunh’

"MHcTuTyT 33 TpaHCdy3ujy kpeu, OpraHn3aunoHa jeguHula bap, bap, LipHa lopa;
?Ynusep3utet LipHe fope, MegnunHcku dakyntet, KnuHuKa 3a ruHekonorujy 1 akywwepctso, lMogropuua, LipHa lopa;

*KnuHnuku ueHTap LipHe lope, Moaropuua, LipHa lopa;

“Onwra 6onHnua bap, Operbere 3a rMHeKonorujy 1 akywwepctso, bap, LipHa lopa
YHuBep3uTeT y KparyjesLy, GakynTeT MeanLMHCKNX HayKa, KaTepa 3a ruHekonorujy n akywwepctso, Kparyjesau, Cp6uja;

CAMETAK

Yeoa/Lnrb MoBuiLeHO NprcyCcTBO IMMUAHUX YeCcTMLA Y KpBU
je jenaH op Hajuewhyx pasnora HeynoTpebbNBOCTY TPAHC Y-
3V10N0WKNX jeAnHMLA. DaKTopM pu3KKa 3a NMNEMUYHY Niasmy
Ko faBasiaLia HUCY MOTMYHO NO3HaTu.

Linms paga je 6vo ytBphuBatbe Gpaktopa Koju yTuly Ha HacTa-
HaK NvneMmnyHe nnasme, Ynme 61 ce cnpeunnu, NOCAe[NYHO,
[arbyi TPOLLKOBY CKNAAMLLTEHA U YKNakbakba HeynoTpebbrBix
TpaHChy3MONOLLKUX jeAMHNLIA.

Metope Cryanja cnyyaja 1 KOHTPOa CNPOBEAEHa je TOKOM
2017. rogunHe 1 yKkibyyeHa cy 1552 ncnutaHuka. KoHTposiHa
rpyna je obyxsatana 1502 ncnmiraHuka uvja KpB Huje 6una nu-
NemMWYHa, AOK je y cnuTuBaHy rpyny opabpaHo 50 6onecHuka
ca IMNeMNYHOM KpBIbY. MpUCycTBO NMNeMMYHe KpBm yTBphrBa-
HO je MHCNEKLMjCKUM NperneaoM, JOK Cy NofaLu NPUKYnibeHu
NabopaTopwjCKUM TECTOBUMA W @HKETHUM YMUTHNKOM.

‘ DOI: https://doi.org/10.2298/SARH200919040R

PesynrtaTu Haww Hana3m nokasyjy fa BULIECTPYKM JaBaoLM
KPBW, Ynja je KpB IMnemnyHa, npunagajy cnepgehum Katero-
pujama: 3HauajHo cTapuju (p < 0,0005), Majy BULLM CUCTONHN 1
AnjactonHu nputucak (p < 0,0005), BUCOK HMBO TpUrAULEepUaa
(p < 0,0005) 1 HWXKM HMBO XemornoburHa (p < 0,0005). Takobhe,
MPUCYCTBO IMMEMMUYHE Nla3Me NMOoBe3aHo je Ca KEHCKUM Mo-
nom (p = 0,002), kpeHOM rpynom (p = 0,016), 6bonecTma cpua
(p < 0,0005), nywekem (p < 0,005), anjabetecom (p = 0,001), Kao
1 Ca YyHOCOM MacHe XpaHe npe fasarba Kpsu (p < 0,005) 1 Tepa-
nuje BeHenyHKTypoM (p < 0,0005). CucTonHm npuTmnCak je no-
y34aH npeauKkTop nunemuyHe kpem (AUROC = 0,901, p < 0,0005).
3aksbyyak Halua ctyguja je npyuna paunoHanHo objalutbere
1 naeHTdrKoBana je Heke of GakTopa pU3MKa Kojui Mory no-
mohu y naeHTrduKaumju moryhux faBanasa annemmyHe KpBu.
KmbyuHe peun: TpaHcdy3uja KpBU; AaBaoLy KPBY; Nia3ma; Mepe
npeBeHLje; XoNecTepos; TPUILepuan
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SUMMARY

Introduction/Objective Previous studies suggest that the number of suicides and suicide attempts
will increase due to the COVID-19 pandemic. The aim of this study was to investigate the impact of the
COVID-19 pandemic on the frequency and characteristics of suicide attempts in the Republic of Serbia.
Methods The study observed two periods: the period from March to August 2020 (the COVID period)
and the same period of the previous year (the non-COVID period). The observation during the mentioned
periods encompassed patients who were examined at the Dr. Laza Lazarevic Clinic for Mental Disorders
in Belgrade due to suicide attempts (1987 persons during COVID period and 2300 persons during the
non-COVID period).

Results Concerning suicide attempts, a statistically significant difference between the observed periods
was registered in respect to the total number of monthly clinical examinations, monthly distribution of
suicide attempts, patients’gender and age, mode of suicide attempt, and the diagnostic category. Binary
logistic regression determined that statistically significant factors that can influence the suicide attempt
were year, months, patients’gender and age, and diagnostic category.

Conclusion COVID-19 pandemic creates the increased exposure of the people to suicide risk factors,
which points to the significance of consistent monitoring of mental health during the COVID-19 pan-

demic and thereafter.

Keywords: suicide; suicide attempts; COVID-19; pandemic

INTRODUCTION

In January 2020, the World Health Organization
declared the COVID-19 outbreak to be a pub-
lic health emergency of international concern,
with a high risk of disease spreading to all
countries around the world. In March 2020,
the World Health Organization made an assess-
ment that COVID-19 should be characterized
as a pandemic disease [1]. The clinical spec-
trum of COVID-19 varies from asymptomatic
forms to clinical conditions characterized by
respiratory failure that necessitate mechanical
ventilation and support in an intensive care
unit, as well as life treating sepsis, septic shock,
and multiple organ dysfunction syndrome [2].
Therefore, medical workers and public health
professionals are focused on treating individu-
als with COVID-19, as well as on preventing
the spread of corona virus in the general popu-
lation, but they pay less attention to the psychi-
atric consequences of the COVID-19 crisis [3].

Previous studies suggest that number of sui-
cides and suicide attempts may increase due the
COVID-19 pandemic [3, 4]. Global responses
such as social isolation and psychical distance

have heightened depression, anxiety, loneli-
ness, angetr, irritability, relationship conflicts,
post-traumatic stress disorder, economic un-
certainty, fears, and increased use of psycho-
active substances [5]. All of these have been
previously identified as risk factors for suicide
behavior, especially in vulnerable categories
(such as psychiatric patients), and the popula-
tion that was not considered to be a risk for
suicide prior to the COVID-19 pandemic [6].

Through its specialized organizational unit
(Psychiatric Emergency Department), the Dr.
Laza Lazarevi¢ Clinic for Mental Disorders is
the only one psychiatric institution in Belgrade
(having about 2,500,000 inhabitants) that takes
care of suicide attempts, as well as other urgent
psychiatric conditions.

Considering the data from current litera-
ture and the lack of data for the territory of
the Republic of Serbia, the aim of this study
was to investigate the impact of the COVID-19
pandemic on the frequency and characteristics
of suicide attempts in the Republic of Serbia.
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METHODS

This is a retrospective study that includes two periods:
the period from March to August 2020 (the COVID pe-
riod) and the same period of the previous year (the non-
COVID period). The mentioned two periods referred to
the patients who were examined for suicide attempts at the
Dr. Laza Lazarevi¢ Clinic for Mental Disorders, Belgrade.
The approval for the study was obtained from the Ethics
Committee of the Clinic (decision No. 7108/2020), and the
study was conducted in accordance with the Declaration
of Helsinki.

At the Psychiatric Emergency Department of the Clinic,
medical histories of all the examined patients in the ob-
served periods were searched in order to find suicide at-
tempts, which was the only inclusion criterion. During the
non-COVID period, 2300 persons were examined at the
Psychiatric Emergency Department, 139 (6.04%) of which
were suicide attempts. However, during the COVID pe-
riod, 1987 persons were examined at the same department,
159 (8%) of which were suicide attempts. The patients’ data
noted from medical history were as follows: gender, age,
residence, method of attempting suicide (self-poisoning,
self-injury by a sharp object or a weapon, hanging, jump
from height, and self-ignition), and psychiatric diagnosis.

Descriptive statistical methods, methods for testing
statistical hypotheses, and regression analysis were used
to analyze the data. Statistical differences were tested at a
significance level of p < 0.05. All statistical analyses were
conducted using the IBM SPSS Statistics, Version 22.0
(IBM Corp., Armonk, NY, USA).

RESULTS

During the non-COVID period, most of the clinical
examinations were done during April (17.4%) and July
(20.1%); during the COVID period, most of the clinical
examinations were performed during June (18.5%) and
August (18.4%) (Figure 1). A statistical significance be-
tween these two observed periods was registered in respect
to the number of total clinical examinations distributed by
months (x* = 23.207; p = 0.000).

During the non-COVID period, most suicide attempts
were noted in March, July, and August; during the COVID
period, the highest percentage of suicide attempts was

u COVID-period/KOBU/] neproa

Hnon-COVID period/nepuon 6e3 KOBH/I-a

August/A
BrycT

July/Jyn

June/lyn

303

May/Maj 313
April/An 307

pun 401
March/M 309

apt ! 396

Figure 1. Total number of clinical examinations done at the Psychiat-
ric Emergency Department of the Clinic in the two observed periods
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recorded during May and August (Table 1). A statistically
significant difference was noticed in the distribution of
suicide attempts during the observation periods (Table 1).
In the non-COVID period, the largest number of patients
who attempted suicide were females (64%). All the patients
were 18-86 years old, and most of them were living in
Belgrade. Almost 60% of them attempted suicide by self-
poisoning, and 35.3% of them belonged to the F20-F29
diagnostic category (Table 1). On the other hand, in the
COVID period, most of the persons who tried to commit
suicide were males, 18-92 years old, living in Belgrade
(Table 1). Like in the non-COVID period, during the
COVID period, over 50% of patients attempted suicide
by self-poisoning and belonged to the F20-F29 diagnostic
category (Table 1). A statistically significant difference be-
tween these two observed periods was noticed for month,
gender, method of suicide attempt, and diagnostic category
(Table 1).

During the COVID period, a statistical significance
between genders in terms of month, residence, method
of suicide attempt, and diagnostic category was not reg-
istered (Table 2).

Binary logistic regression determined that statistically
significant factors influencing suicide attempt were year
(COVID and non-COVID period), month, gender, age of
patients, and their diagnostic category (Table 3).

DISCUSSION

Globally, the data and the research connected with the
topic of suicide during the current pandemic are missing.
The reports on the suicide rate and the successful suicide
attempts are generally rare in real time, that is, there is a
time delay in their publishing, which, in the current situ-
ation, is extremely important due to the need for timely
response of the society and the health system to this chal-
lenge.

Our study, performed in the observed COVID period,
has established that the final absolute number of patients
who have attempted suicide is higher in comparison to
the non-COVID period. The majority of published stud-
ies with the topic of suicide during COVID-19 pandemic
are either study cases or cross-sectional surveys on non-
representative samples, which have not provided us with
the clear data in the change of suicide rate [7]. The only
study that compared the period of the first four weeks of
the pandemic with the same time period previous year,
and whose subjects were patients reporting to the urgent
psychiatric department, has actually shown the decrease
in the number of patients attempting suicide [8]. The re-
search performed on pregnant women in China has shown
an increased level of suicidal thoughts during the pan-
demic in comparison to the thoughts of pregnant women
in the same stage of pregnancy, just prior to COVID-19
pandemic [9]. Keeping in mind that the pandemic is still
ongoing and that the performed researches, including ours,
have observed only the first period of the pandemic, it can
be expected, based on the study results from the previous

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):455-460



The impact of COVID-19 pandemic on suicide attempts in the Republic of Serbia

Table 1. Data about persons with attempted suicide

_— non-COVID | COVID period/ | ,
Characteristics period n (%) n (%) x>/U p
Month
March 28(20.1) 24 (15.1)

April 26 (18.7) 26 (16.4)
May 13 (9.4) 40 (25.2) .
June 10(7.2) 16(10.1) | 169270005
July 28(20.1) 17 (10.7)
August 34 (24.5) 36 (22.6)
Gender
male/ 50 (36) 82(51.6) %
female/ 89 (64) 77 (484) | /3160007
Age (years)
X £ SD; Med 41.6+£14.6;40 | 44.6+17.3;41 | _
(min-max) (18-86) (18-92) 1281 1 0.200
Residence
Belgrade region 118 (84.9) 144 (90.6)
other regions in Serbia 21(15.1) 15 (9.4) 2248 | 0134
Method of attempting suicide
self-poising

L . 83 (59.7) 80 (50.3)
Z‘i';;‘{ﬁz](sit‘]a“.’u°r:ﬁff' reapon. e;ct') 24(17.3) 42(264) | 4002 | 0135
otherhanging, Jumping gnt 32(23) 37(23.3)
ignition)
Diagnostic category (ICD-10)
F20-F29 49 (35.3) 37 (23.3)
F30-F39 43 (30.9) 27 (17) 20.306 | 0.000*
other diagnosis 47 (33.8) 95 (59.7)

U - Mann-Whitney test;
*statistically significant

Table 2. Patients attempting suicide during the COVID period, distributed by gender

‘ Males n (%) ‘ Females n (%) ‘ X/ U ‘

Characteristics p
Month
March 16 (19.5) 8(10.4)
April 10(12.2) 6(20.8)
May 25(30.5) 15(19.5)
June 6(7.3) 10013 | /931 ] 0160
July 7 (8.5) 10(13)
August 18 (22) 18 (23.4)
Age (years)
X £ SD; Med 437 £17.5;41 | 455+ 17.2;44
(min-max) (19-92) (18-87) | 1281 0200
Residence
Belgrade region 75(91.5) 70(90.9)
other regions in Serbia 7 (8.5) 7(9.1) 0.015 | 0.902
Method of attempting suicide
self-poising

s . 36(43.9) 44 (57.1)
Z’i:;‘{ﬁ;ﬁ(sit“ar?u°£leﬁ ‘?:iim ﬁ:d 25 (30.5) 18(22.1) | 2.845 | 0.241
other thanging, Jumping gnt 21(25.6) 16 (20.8)
ignition)
Diagnostic category (ICD-10)
F20-F29 20 (24.4) 17 (22.1)
F30-F39 10(12.2) 17 (22.1) 2.756 | 0.252
other diagnosis 52 (63.4) 43 (55.8)

U - Mann-Whitney test;
*statistically significant

Table 3. Binary logistic model concerning suicide attempts

Independent variables 95% Cl p

Year 6.234 0.013*
Month 24319 0.001*
Gender 5.772 0.016*
Age -0.009 0.012*
Residence 0.642 0.423
Diagnostic category 76.270 0.000*

*Statistically significant
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pandemics that the suicide rate will in-
crease. The epidemic of the Spanish flu
was connected to the increased death
toll caused by suicide, and it has also
been established that the reductions in
social interaction and fears caused by
the epidemic were the factors that in-
fluenced the increase of this rate [10].
The study by Yip et al. [11] also showed
a significant increase in the suicide rate
in people over the age of 65 during the
SARS epidemic in 2003. That research
showed that the increase in suicide
rate is connected with the fear of get-
ting infected, with fears that the person
might become a burden to the family,
anxiety, social isolation, and distress.
Many adverse risk factors which existed
during these epidemics exist during the
COVID-19 breakout as well. However,
there are significant differences between
COVID-19 and the previous pandem-
ics, especially when we compare their
virulence, speed at which the disease
is spreading, death rate, and the level
of socio-economic influence, which, to
some extent, limits our ability to predict
the influence of COVID-19 pandemic
on mental health and suicide rate [12].

The results of our research show that,
in the observed COVID period of time,
males have attempted suicide more of-
ten, that they were on average 41 years
old, and that they most often attempted
suicide by self-poisoning. Comparing
COVID and non-COVID periods, it
can be noticed that in the COVID pe-
riod, although in both periods the most
common way of suicide attempt was
self-poisoning, the number of people
who tried suicide in this way decreased,
and the number who tried suicide by
self-injury increased. Researches re-
lated to the period of the COVID-19
pandemic, even when performed on a
small number of test subjects, or rep-
resented as case studies, also show that
men attempted and committed suicide
more often [8, 13]. The most common
method of suicide, according to the

available data, was either by jumping or hanging [14, 15,
16]. According to the results of the available researches,
those who are facing higher risk are males who are under
pressure of meeting traditional expectations, hide their
feelings, do not take much care of themselves, postpone
looking for medical help when they need it, are unem-
ployed or have lost their job, have problems in establishing/
maintaining emotional connections, or use psychoactive
substances [17, 18].
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According to our research, even though the people who
have attempted suicide in the COVID period have mostly
suffered from psychosis belonging to the schizophrenia
spectrum, we have noticed a significant reduction in the
percentage in the number of these patients in the general
pool of patients, in comparison to the non-COVID period.
Our study has shown that, during the COVID period, there
has been an increase in the number of patients suffering
from organic disorders, anxiety and stress related disor-
ders, substance-related disorders, as well as personality and
behavior disorders that have attempted suicide. Organic
disorders usually appear in people belonging to the older
age group, who are, according to the results of the previ-
ous researches, under a greater risk of suicide during the
epidemic, both due to the increased prevalence of already
known risk factors connected to suicide, and to the im-
posed measures targeted at the control of the spread of the
virus, which increase social isolation and psychological
vulnerability [19]. More researches conducted during the
period of the pandemic show the increase in substance-
related disorders, as well as the fact that people who had al-
ready been the consumers of psychoactive substances have
increased the consumption of those substances during the
period of the pandemic [20, 21]. According to a study by
Ferrando et al. [22], dealing with psychiatric emergencies
during the height of the COVID-19 pandemic in the sub-
urban New York City area, the most common reason for
reporting to the emergency psychiatric service was depres-
sion and suicidal ideation, as in the pre-COVID period.
In the same study, a significant increase in the number
of people with anxiety disorders was present, compared
to the pre-COVID period, as is the case in our study. No
study, to our knowledge, has dealt, in particular, with the
diagnostic categories of patients attempting suicide during
the COVID-19 pandemic. According to our study, com-
paring the data obtained in relation to gender during the
COVID period, it was noted that women who attempted
suicide were older than men and used self-poisoning as a
method of suicide more often. Comparing the diagnostic
categories, women who attempted suicide had an equal
prevalence of psychotic and affective disorders, while men
were more likely to suffer from psychosis than from affec-
tive disorders.

The factors that may increase suicidal risk during the
pandemic, especially in the vulnerable groups (such as peo-
ple with a previous history of a psychiatric disorder, people
over the age of 65, people who have previously attempted
suicide, health care professionals working with COVID-
19-infected patients, COVID-19-infected people, people
recovering from COVID-19, as well as people whose family
member or a friend has died from COVID-19) are so-
cial isolation, anxiety, fear of getting infected, insecurity,
chronic stress, economic consequences, and the reduced
availability of doctors working in the non-COVID system
3, 12, 23].

Social isolation and quarantine are important measures
in the fight against spreading of COVID-19 pandemic, but
they also have negative effects on the psychic health of hu-
mans and are connected to the appearance of depression,

‘ DOI: https://doi.org/10.2298/SARH210506053S
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generalized anxiety disorder, suicidal thoughts and behav-
ior, especially in vulnerable categories, since social interac-
tion is an important factor of both emotional and social
stability [3, 23].

Anxiety and the fear of getting infected are connected
to the fear of the unknown, but could also be induced by
the news and information about COVID-19 pandemic to
which the people are exposed through all types of media
[12]. Worries and concerns might lead to the development
of anxiety disorders, depression, and insomnia [24]. Li et
al. [25] have analyzed on-line posts of 17,865 users of
Chinese social networks, comparing the period immedi-
ately prior to COVID-19 and the COVID period, and have
noted the increase in negative emotions, such as anxiety
and depression during the period of the pandemic. Huang
and Zhao [26] have performed a web-based study on 7236
subjects in China during the COVID-19 pandemic period,
which showed that more than one-third of the subjects met
the criteria for generalized anxiety disorder, while depres-
sion prevalence was 20.1% and insomnia prevalence 18.2%.
Insomnia also represents an isolated factor of suicidal risk
[27].

The measures aimed at combating the epidemic have
left significant consequences on the world economy and
have caused global economic recession [23]. Millions of
people worldwide have lost their jobs, while many others
fear the loss of their jobs, experience material insecurity
and are afraid for their financial future. Unemployment
and the fear of losing one’s job represent important risk
factors for the development of depressive symptoms [3].
A study by Nordt et al. [28] has found that the suicidal risk
connected to unemployment was increased by 20-30%.
Kawohl and Nordt [29] have estimated in their study that,
owing to the increase in the worldwide unemployment
rate due to COVID-19 pandemic, the number of suicides
will be increased by between 2135 and 9570 cases yearly.

Many patients are afraid of the infection and avoid
coming to check-ups, which in psychiatric patients, as a
vulnerable category, might lead to their own decision to
stop taking their therapy, and it might also lead to disor-
der relapse, the appearance of depressive symptoms and
suicidal thoughts and behavior [30].

CONCLUSION

Suicide can be prevented in many cases, which is why it
is extremely important to formulate measures and strate-
gies for its prevention. Early detection of people under an
increased risk of suicide, people expressing suicidal behav-
ior or verbalizing suicidal thoughts is, along with timely
psycho-social and pharmaco-therapeutic interventions,
imperative in preventing a tragic outcome.

Even though there are still no researches which clearly
show the increase in the suicide rate during the current
pandemic, the fact that is supported by the results of our
research as well, COVID-19 outbreak has been connected
to the increased exposure of people to suicide risk factors,
which tells us that it is important to continue following the
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mental health influenced by the COVID-19 pandemic.
The repeated cross-sectional and longitudinal researches
of the influence of the COVID-19 pandemic on mental
health and suicide rate are important because of the collec-
tion of real time data, as well as the following of patients’
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needs, so that the available resources could be targeted at
those parts of the system used for the protection of mental
health, which suffer the highest pressure.
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YTuyaj nanaemuje Kosnaa 19 Ha nokylwaje camoybucrtsa y Peny6auum Cpbuju

MBaHa Crawesnh-Kapanuuh'? BnagaH Hophesuh'?, Anekcanapa [JytuHa', MuneHa Crawesuh', Bnagumnp Jatuht,

[paraHa Urrbatouh-Puctnh?, Urop MaHtnh®e

'KnuHuka 3a ncuxujatpujcke 6onectu, [lp Nasa Nasapesuh’, beorpag, Cpbuja;

*Ynuep3utet y MpuwtuHu - Kocoscka MutpoBsuua, MegnumHckmn gpakyntet, Kococka Mutpouua, Cpbuja;

3YHuBep3uTeT y TpaBHuKy, DapmaLieyTcko-3apaBcTBeHn dakyntet, Depepaumja bocHe 1 XepLerosuHe, bocHa v XepLerosuHa;
*Yruep3utet y Kparyjesuy, Oakyntet MeAuLMHCKNX HayKa, Kparyjesau, Cp6uja;

YHueep3uTet y beorpagy, MeanunHcku gakyntert, beorpag, Cpbuja;

YHuBep3uTeT y Xaudu, Xanda, 3paen

CAXETAK

YBop/Lurb MpeTxofHa nctpaxusama ykasyjy fa he ce ycnep
naHgemuje kouga 19 6poj camoy6brcTaBa 1 NokKyLuaja camoy-
6ucTea nosehatu.

Linms oBor nctpaxmBama je 6110 Aa ce ucnuta yTuuaj naHaemuje
KoBumza 19 Ha yuecTanocT 1 KapakTepuCTHKe NMoKyLUaja Camoy-
6uctea y Peny6nuum Cpbuju.

Metope VcTpaxunBame je ykibyunno ABa nepuropa: og Map-
Ta go anpuna 2020. roguHe (nepunog KoBuaa) n NCT Nepuog
TOKOM roguHe Koja je npetxoguna (nepuopg 6e3 kosumga). Mo-
MeHYTV NePUOAU Cy Ce OBHOCUIN Ha 6ONECHMKE Koju cy 360r
nokyLuaja camoy6rcTa 6unu nperneganu y KnuHmum 3a ncu-
xujatpujcke 6onectu, [p Jlasa Jlazapesuh” y beorpagy (1987
0ocoba ToKkom nepuofa kosuaa 1 2300 ocoba ToKom nepuoaa
6e3 KoBMaa).

DOI: https://doi.org/10.2298/SARH210506053S

Pesynrtatn CraTvCTUYKY 3HAaYajHa pasnuka namehy aga noc-
MaTpaHa nepuopa 3abenexeHa je y nornefy yKymnHor 6poja
npernesa nocMaTpaHo Mo MeceLyma, ANCTpubyLmje noKyluaja
camoybucTBa, Nnosa v CTapocHor Joba 60necHUKa, HaumHa no-
Kylliaja camoybucTBa 1 fujarHOCTUYKe KaTeropuje. bBuHapHom
NIOTUCTUYKOM perpecjom yTBpheHo je Aa cy pakTopu Koju Mory
CTaTVCTUYKM 3HaYajHO yTULIATI Ha NOKYLUaje camoybucTsa 6unm
rofi”Ha, MeceL, NMoA 1 CTapocHo fjoba 6onecHuKa, Kao v Anjar-
HOCTMYKa KaTeropuja.

3akmyuak [aHgemuja KoBuaa 19 cTBapa ycnose 3a nosehaHy
13I0KEHOCT JbyAan pakToprma pri3nKa 3a Camoy6brCTBo, LITO Mo-
TeHLMpPa 3Hauaj KOHTUHYMpaHor npaherba MeHTaHOT 34paBsba
JbyAW y TOKY NaHaemuje kosuga 19 n nocne we.

KmbyuHe peun: camoybucTBo; MoKyLlaj camoybncTBa; naHpe-
Muja koBmaa 19
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Regulatory and clinical perspective on patient access
to antidiabetic medicines in Slovenia

Spela Zerovnik, Nika Mardjetko, Igor Locatelli, Mitja Kos
University of Ljubljana, Faculty of Pharmacy, Department of Social Pharmacy, Ljubljana, Slovenia

SUMMARY

Introduction/Objective Three novel classes of antidiabetic medicines have been introduced into the
market in the last decade, namely dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 receptor
agonists, and sodium-glucose co-transporter 2 inhibitors. Many factors influence patient access to these
medicines and their utilization in clinical practice: these need to be explored.

The aim of the study was to gain an insight into patient access to antidiabetic medicines in Slovenia from
a regulatory and clinical point of view.

Methods A focus group with five Slovenian experts (representatives of regulatory bodies and prescribers
of antidiabetic medicines) was performed in January 2019. The discussion was audiotaped upon obtaining
written consent from the experts and transformed into a verbatim transcript. Two researchers indepen-
dently analyzed the content of the discussion, using NVivo 11 to identify main themes and subthemes.
Results Slovenia provides satisfactory patient access to antidiabetic medicines; however, prescribing
restrictions and unequal access to diabetologists in the Slovenian regions may limit patient access to
novel antidiabetic medicines. Prescribing restrictions should be aligned with the new evidence on cardio-
vascular benefit of some antidiabetic medicines. A national registry of patients with diabetes should be
established in order to obtain reliable data on patient outcomes and improve the quality of patient care.
Conclusion Patient access to antidiabetic medicines could be significantly improved not only in Slovenia
but also in other countries by changing prescribing restrictions, establishing national registries of patients

with diabetes, and involving multidisciplinary teams in diabetes care.
Keywords: diabetes mellitus; antidiabetic medicines; patient access; focus groups; diabetes care

INTRODUCTION

Slovenia has a social Bismarck-type health
insurance system, which is mainly financed
through compulsory health insurance provided
by the Health Insurance Institute of Slovenia
(HIIS) and mainly funded by payroll taxes. The
HIIS is also involved in medicine reimburse-
ment decision-making. The Reimbursement
Committee evaluates applications for medicine
reimbursement and makes a recommendation,
while the HIIS makes the final decision [1]. All
antidiabetic medicines in Slovenia are fully cov-
ered by compulsory insurance; however, even
for these medicines the HIIS can introduce var-
ious measures to control medicine expenditure,
e.g., prescribing restrictions, reference pricing.

The estimated prevalence of diabetes in
Slovenia is 6.9% and every year about 4.7 in
1000 people start antidiabetic therapy [2].
Three novel classes of antidiabetic medicines
have obtained marketing authorization in the
EU since 2006, namely dipeptidyl peptidase-4
inhibitors (DPP-4i), glucagon-like peptide-1
receptor agonists (GLP-1RA), and sodium-
glucose co-transporter 2 inhibitors (SGLT2i).
A recent study, which evaluated patient access
to novel antidiabetic medicines in 11 European
countries, showed that, in 2016, the propor-
tion of novel antidiabetic medicines consump-
tion in Slovenia was lower than in most other

European countries included in the study [3].
The uptake of novel antidiabetic medicines in
Slovenia was similar to that in Sweden and Italy,
accounting for less than 10% of total antidia-
betic medicines consumption, while in Spain
and Austria it accounted for more than 25%.
There may be many factors affecting patient ac-
cess to antidiabetic medicines in Slovenia that
should be investigated in order to plan appro-
priate measures to optimize patient access to
these medicines and their outcomes.

The aim of the study was to gain an insight
into patient access to antidiabetic medicines in
Slovenia from a regulatory and clinical point
of view.

METHODS

A semi-structured focus group with five Slovenian
experts was performed in January 2019. The
Consolidated Criteria for reporting Qualitative
Research (COREQ) were followed when conduct-
ing and reporting on this focus group [4].

Research team

The research team consisted of four members
working in an academic environment: two
faculty professors, a postdoctoral researcher
with a PhD in pharmacoeconomics, and a
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Table 1. A set of questions used to lead a discussion

Zerovnik S. et al.

« From the clinical perspective
« From the system perspective

« From the clinical perspective
« From the system perspective

Opportunities for improvement

« At system level
« At clinical practice level

Patient access to antidiabetic medicines and utilization of antidiabetic medicines in Slovenia
List positive aspects of patient access to antidiabetic medicines and utilization of antidiabetic medicines in Slovenia.

List key challenges of patient access to antidiabetic medicines and utilization of antidiabetic medicines in Slovenia.

Influence of differences in patient access to antidiabetic medicines on health outcomes
What impact do differences in patient access to antidiabetic medicines have on health outcomes?

What are the most important measures to improve patient access to antidiabetic medicines and diabetes management in Slovenia?

second-year doctoral student. The researchers are familiar
with qualitative study designs and have conducted several
focus groups and other types of qualitative studies [5, 6, 7].

Selection of participants

A purposive sampling technique was used with the aim to
gather a heterogeneous group of experts who do not only
have an in-depth insight into the healthcare system and
patient access to antidiabetic medicines, but also the ability
to influence diabetes management in Slovenia.

To obtain the regulatory point of view, we invited rep-
resentatives of two institutions involved in medicines’
regulation, namely the HIIS and the Agency for Medicinal
Products and Medical Devices of the Republic of Slovenia
(JAZMP). To obtain the clinical perspective, we invited
representatives of physicians (diabetologists and general
practitioners) who work as clinicians with patients with
diabetes and who have been actively involved in the devel-
opment, implementation, and monitoring of the Slovenian
national diabetes program. One of the key objectives of the
program is to ensure access to comprehensive, integrated,
equal, effective, and safe patient care, which also includes
provision of patient access to antidiabetic medicines [8].
Initially, seven experts were invited to participate in the
discussion via e-mail: one from each of the two regula-
tory bodies and five physicians. Two physicians could not
participate in the discussion due to other obligations. The
focus group consisted of five experts:

« Two diabetologists with more than 20 years of expe-
rience in managing patients with diabetes, working
at two of the leading Slovenian hospitals in different
regions (D1, D2);

o A representative of general practitioners working at
a community health center with more than 10 years
of experience in family medicine, and a member of
the coordination working group at the Ministry of
Health that is responsible for the implementation of
the national diabetes program (GP) [8];

o A representative of the HIIS from the Department
for Medicines with more than 20 years of experience
in medicine reimbursement decision-making (HIIS);

o A representative of JAZMP from the department fo-
cusing on access to medicines, health technology as-
sessment, and medicine pricing (JAZMP).

DOI: https://doi.org/10.2298/SARH210125058Z

Study design

A semi-structured panel discussion was held in an aca-
demic environment in January 2019. The discussion was
facilitated by a postdoctoral researcher, who was previously
trained in facilitating discussion by the faculty professors.
The faculty professors observed the discussion and the
doctoral student took notes on non-verbal communication.
The discussion lasted one and a half hours and was audio-
taped upon obtaining written consent from all the par-
ticipants. No ethical approval was required for this study.

The discussion began with a brief introduction of each
focus group member. After the introduction, the facilitator
posed a set of open-ended questions, which are listed in
Table 1. The questions were based upon literature review
and the results of a pharmacoepidemiological analysis that
evaluated patient access to novel antidiabetic medicines in
11 European countries [3]. At the end of the discussion,
the experts had the opportunity to expose any additional
comments or suggestions.

Data analysis

A verbatim transcript of discussion was made by the fa-
cilitator of the focus group. It was subjected to content
analysis with NVivo 11 qualitative data analysis computer
software package (QSR International, LLC, Burlington,
MA, USA) to identify main themes and subthemes of the
discussion. Two researchers independently coded the data
based on key expressions. Each researcher developed a
separate coding tree with main themes and subthemes.
After comparing the coding trees, they reached an agree-
ment on the final themes and subthemes. Then one of
the researchers set a new theme hierarchy based upon the
agreement, while the second researcher reviewed the final
coding hierarchy.

RESULTS
Four main themes were derived from the discussion, which

are presented in Tables 2, 3, and 4, with key quotes from
participants.
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Patient access to antidiabetic medicines

Table 2. Quotes supporting themes Patient Access to Antidiabetic Medicines and Factors that Influence Patient Access to Antidiabetic Medicines

Patient Access to Antidiabetic Medicines
Patient access to antidiabetic medicines in Slovenia

[JAZMP]: “Slovenia provides good patient access to medicines, not only in the field of diabetes, but in other fields as well”

[D1]: “Patients, who benefit the most, with best expected health outcomes, have access to medicines. Patients in whom smaller benefit is
expected do not have such access to medicines. | assume that the greatest benefits with regard to health outcomes are covered with our
access to medicines.”

Comparison of patient access to antidiabetic medicines in Slovenia and other countries

[D1]:“Slovenia provides better patient access to antidiabetic medicines compared to the countries of the former Yugoslavia (e.g., Croatia,
Serbia) and Eastern Europe; however, in terms of patient access to novel antidiabetic medicines, Slovenia is still a little behind compared to
some other countries [e.g., Spain, Austria, Germany].

[JAZMP]:“Some smaller European countries, e.g., Cyprus, Malta, already have problems with the availability of older medicines. | would like to
emphasize that the Reimbursement Committee is trying to do its best to enable good patient access to older medicines.”

Lower prescribing rate of insulin in Slovenia compared to Nordic countries

[D1]:“A lot of insulin, basal insulin, is being prescribed in Nordic countries.”

[D2]: “Swedes routinely monitor HbA1c levels and introduce insulin when target HbA1c levels cannot be achieved using oral antidiabetic
medicines.”

[D11:“Slovenian patients often remain on triple therapy, which is expensive. And triple combination therapy is allowed by the health insurance
institute, whereas Swedes initiate insulin earlier in the course of type 2 diabetes.”

The proportion of novel antidiabetic medicines consumption is lower than in other countries

[HIIS]: “With regard to utilization of novel antidiabetic medicines, Slovenia is comparable to Sweden, but not to Austria and Spain.”
[D1]:“Sweden has higher consumption of GLP-1RA compared with Slovenia.”

Factors that Influence Patient Access to Antidiabetic Medicines

Prescribing restrictions

[GP]:“Some groups of patients benefit from novel antidiabetic medicines. Prescribing restrictions are influenced by medicine prices and the
number of patients with type 2 diabetes; however, they are necessary for the sustainability of the healthcare system.”

[JAZMP]: “The Reimbursement Committee is trying to set prescribing restrictions so that patients most in need and patients with greatest
expected benefits get the medicines.”

[D2]: “What has been bothering me for several years is that certain medicines can be prescribed only by diabetologists. Some Slovenian
regions provide poorer patient access to diabetologists, which automatically affects patients’access to medicines that can be prescribed only
by diabetologists.”

[D1]:“New evidence in diabetology represents a huge challenge. New studies of some novel antidiabetic medicines showed benefit in terms
of treatment outcomes in patients with established cardiovascular disease. This evidence is so important that it will be challenging not to
provide certain patients with these medicines or to treat them with older medicines without this evidence!”

Medicine prices

[HIIS]: “Older medicines are generally a bit more expensive in Slovenia, because the market is small, which makes it harder to negotiate. And
there is only one or two manufacturers, and we are really careful in order to keep them on the market. However, apparently we are better
negotiators for novel medicines.”

D1 - diabetologist 1; D2 - diabetologist 2; GP - general practitioner; HIIS — representative of the Health Insurance Institute of Slovenia; JAZMP - representative of
the Agency for Medicinal Products and Medical Devices of the Republic of Slovenia; GLP-1RA - glucagon-like peptide-1 receptor agonists

Table 3. Quotes supporting theme Influence of Patient Access to Antidiabetic Medicines on Patient Outcomes

Influence of Patient Access to Antidiabetic Medicines on Patient Outcomes
Treatment approach to improve patient outcomes

[D2]: “Multifactorial approach had the greatest influence on patient outcomes. Not only diabetes but also lipids, blood pressure, and other
measures.”

[D1]: “Cardiocentric approach will be crucial in the following years. In addition to multifactorial approach, also choosing the right medicine
with regard to these outcomes.”

[D1]: “Studies with DPP-4i did not show benéefits, but they are safe in the early stage in addition to metformin. However, for such a diagnosis
(established cardiovascular disease) SGLT2i and GLP-1RA are more appropriate.”

Outcomes of patients with diabetes in Slovenia

[HIIS]: “Cardiovascular outcomes of Slovenian patients are significantly improving. The mortality rate is decreasing rapidly. We have global
indicators. With the exception of amputations for which | don’t know where we stand, we are doing very well with regard to global health
indicators, those most important ones.”

[HIIS]: “We need to know what the incidence of the second most important outcome [amputations] is. | find it unacceptable that the medical
profession has no data on the incidence of amputations.”

[D1]:“The medical profession does not have this data. This is divided among several specialties and the acknowledgment of that.”

[D2]:“We also need data on the incidence of blindness, end-stage kidney failure, etc”

D1 - diabetologist 1; D2 - diabetologist 2; GP — general practitioner; HIIS - representative of the Health Insurance Institute of Slovenia; DPP-4i — dipeptidyl
peptidase-4 inhibitors; GLP-1RA - glucagon-like peptide-1 receptor agonists; SGLT2i - sodium-glucose co-transporter 2 inhibitors

Patient access to antidiabetic medicines

From the experts’ point of view, Slovenia provides satis-
factory patient access to antidiabetic medicines. Slovenia
provides good patient access to older antidiabetic medi-
cines, which should not be taken for granted. In addition,
Slovenia provides better patient access to antidiabetic

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):461-466

medicines than other countries of the former Yugoslavia
and Eastern Europe, while it is still a little behind with
regard to patient access to novel antidiabetic medicines
when compared to some other EU countries, e.g., Spain,
Austria, and Germany. Furthermore, Slovenia has a lower
prescribing rate of insulins than the Nordic countries, es-
pecially Sweden. The experts also highlighted the problem
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Table 4. Quotes supporting theme Suggestions for Improving Patient Access to Antidiabetic Medicines

Suggestions for Improving Patient access to Antidiabetic Medicines
Change in prescribing restrictions

[D1]:“It is important to change prescribing restrictions in order to provide better patient access to medicines.”

[D1]: “Now that we have evidence of cardiovascular benefit, Slovenia should open the door at least a little bit for patients at high risk, high
cardiovascular risk. Especially for SGLT2i”

[HIIS]: “According to this discussion, SGLT2i are a group of medicines for which it would be reasonable to open the door at least a little bit. This
is the group from which everyone would benefit the most.”

[D2]:“GPs are qualified to prescribe DPP-4i and SGLT2i. These medicines have more or less evaluated safety profiles, so safety aspects should
not be a barrier for prescribing.”

[GP]: “GPs are generally somewhat reluctant to prescribe novel antidiabetic medicines. Additional training on these medicines should be
provided to GPs. In such a case, we would probably start prescribing these medicines. Nevertheless, physicians prefer to prescribe medicines
with which they are familiar. They know what the side effects are and what to expect.”

Establishment of national registry

[D2]:“Until we have a registry, we won't have reliable data on amputations.”

[D2]:“What has been missing in Slovenia for several years is a unified registry of patients with diabetes. This should be a national project. Until
we have a registry, we won't know what is going on with diabetes in Slovenia.’

[GP]:“l would like to refer to the nurses in the FMRCs. | think that in the future we could have a complete national registry. Nurses should write
down all patient data once a year. Or this data could be collected elsewhere. We need a joint system. There is such a mess of data, some data
is here and some data is there. Some patients are registered in reference clinics, some are not.”

Involvement of other potential medicine prescribers

[D2]:“Nurses in FMRCs should be legally and professionally enabled to change therapy. England is a good model of this practice... Nurses in
foreign countries titrate medicines, they don't prescribe them. The prescription is still written by a physician.”

[JAZMP]:“Nurses don't have in-depth knowledge of pharmacotherapy... Pharmacists have more knowledge of pharmacotherapy than nurses.
In my opinion, we need to consider multidisciplinary teams.”

Improvement of the concept of FMRCs

[D2]:“A lot of money is spent for very little benefit. That'’s what bothers me about the concept of FMRCs. However, | think the basic idea of
involving FMRCs in the management of patients with diabetes was excellent.”

[HIIS]: “The potential of FMRCs is unexploited and the concept is not clear”

[HIIS]:“Nurses in the FMRCs are providing individual counseling. | think it would be reasonable to perform group education for patients with
diabetes. The concept of FMRCs should be upgraded.”

D1 - diabetologist 1; D2 - diabetologist 2; GP — general practitioner; HIIS - representative of the Health Insurance Institute of Slovenia; JAZMP - representative of
the Agency for Medicinal Products and Medical Devices of the Republic of Slovenia; DPP-4i — dipeptidyl peptidase-4 inhibitors; FMRC — family medicine reference

clinic; SGLT2i - sodium-glucose co-transporter 2 inhibitors

that in Slovenia, triple combination therapy is often used
instead of insulin (Table 2).

Factors that influence patient access to
antidiabetic medicines

The panel agreed that prescribing restrictions are necessary
for the sustainability of the healthcare system, but point-
ed out that they limit patient access to novel antidiabetic
medicines. Some antidiabetic medicines, namely DPP-4i
and SGLT2i, can only be prescribed by diabetologists, but
patients in Slovenia do not have equal access to diabetolo-
gists, which affects their access to these medicines. In addi-
tion, the experts agreed that new evidence on cardiovascu-
lar benefit of certain antidiabetic medicine groups will pose
a challenge for both decision-makers and prescribers of
antidiabetic medicines in order to provide access to these
medicines for patients with established cardiovascular
disease. On the other hand, the representative of JAZMP
argued that Reimbursement Committee sets prescribing
restrictions so that patients most in need and those with
greatest expected benefits have access to medicines.

Another factor that may influence patient access to an-
tidiabetic medicines are medicine prices. In comparison
with other countries, older medicines are generally more
expensive in Slovenia, while novel antidiabetic medicines
are less expensive (Table 2).

‘ DOI: https://doi.org/10.2298/SARH210125058Z

Influence of patient access to antidiabetic
medicines on patient outcomes

The experts agreed that the multifactorial treatment ap-
proach has the greatest influence on the outcomes of
patients with diabetes. In their opinion, in the future,
antidiabetic medicine will be selected based on the car-
diovascular risk of the individual patient. Patients with
established cardiovascular disease will be treated with
medicines with proven cardiovascular benefit, namely
SGLT2i and GLP-1RA.

The experts also discussed the influence on outcomes of
patients with diabetes in Slovenia. They agreed that both
mortality rates and the number of people with diabetes
who experience cardiovascular events in Slovenia have
been decreasing in recent years. Yet, they pointed out the
lack of data on other outcomes, namely amputations, reti-
nopathies, and kidney failure (Table 3).

Suggestions for improving patient access to
antidiabetic medicines

The experts expressed the need to change prescribing re-
strictions, especially for SGLT21, to provide these medi-
cines to patients at high cardiovascular risk. They also
argued that GPs should be able to prescribe DPP-4i and
SGLT2i to ensure more equal patient access to these medi-
cines.
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Patient access to antidiabetic medicines

One of the diabetologists suggested involving other
healthcare professionals in prescribing antidiabetic medi-
cines. Another expert emphasized the need to establish
multidisciplinary teams in diabetes care. One attempt to
do this was the introduction of family medicine reference
clinics (FMRCs) at the primary level of the healthcare
system. The general opinion of the experts was that the
implementation of FMRCs was an excellent idea; however,
they agreed that their potential is unexploited.

The experts repeatedly stressed the need to establish
a Slovenian national registry of patients with diabetes in
order to obtain more reliable data on these patients’ out-
comes (Table 4).

DISCUSSION

The participants agreed that Slovenia provides satisfactory
patient access to antidiabetic medicines that is comparable
with most European countries. Some countries, such as
Spain, Austria, and Germany, provide better patient access
to novel antidiabetic medicines than Slovenia [3]. However,
Slovenia provides good patient access to older antidiabetic
medicines, while some smaller European countries already
had problems with the availability of older antidiabetic
medicines, especially metformin.

The most important factor that may affect patient ac-
cess, especially to novel antidiabetic medicines, is prescrib-
ing restrictions. Several prescribing restrictions apply to
novel antidiabetic medicines, e.g., SGLT2i and DPP-4i
can only be prescribed by diabetologists and neither of
these groups of medicines can be used as first-line therapy.
Another antidiabetic medicine group, GLP-1RA, could also
be prescribed by GPs, but only to patients with a body mass
index equal to or greater than 30 kg/m?* who are already re-
ceiving maximum doses of dual oral combination therapy
[9]. However, GPs are reluctant to prescribe GLP-1RA due
to lack of knowledge about these medicines.

Due to unequal access to diabetologists across Slovenian
regions, patients living in regions with poorer access to dia-
betologists (especially in eastern Slovenia) may have poorer
access to DPP-4i and SGLT2i [10]. Prescribing restrictions
of SGLT2i and GLP-1RA should be changed to align with
new evidence on the cardiovascular benefit of some medi-
cines of the SGLT2i and GLP-1RA drug classes [11].

In subsequent years, cardiovascular prognosis will prob-
ably be the key factor influencing the choice of antidiabetic
medicine for individual patients. Cardiovascular outcomes
and mortality rates of patients with diabetes in Slovenia
are improving, but there is a lack of reliable data on other
outcomes, especially amputations. A national registry of
patients with diabetes is needed, following the example of,
e.g., Sweden and Denmark [12, 13]. Sweden has the best
diabetes care in Europe and its national registry is a key
factor in the quality of patient care [14]. The experts saw
the potential for establishing a registry in Slovenia using
FMRCs, where nurses could set up and maintain a national
registry of patients with diabetes. FMRCs have been estab-
lished to provide preventive screening for some chronic
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diseases (including diabetes), to identify and monitor risk
factors, and provide patient education [15]. They play an
important role in detecting diabetes early and in providing
early access to care for these patients, including early access
to antidiabetic medicines that can be prescribed by a GP. In
the experts” opinion, the concept of FMRCs was promis-
ing but should be upgraded. One area for improvement is
in providing group rather than individual education for
patients with diabetes. The model of FMRCs may serve as
a basis for involving multidisciplinary teams in diabetes
care and improving patient care.

The present study provides insight into patient access
to antidiabetic medicines from a regulatory and clinical
point of view and identifies factors that influence it. In
addition, it proposes measures to improve patient access to
antidiabetic medicines and patient outcomes, which apply
not only to Slovenia but also to other countries. Our study
has some important strengths. COREQ criteria were fol-
lowed for performing and reporting this study. To ensure
study validity, the discussion was audiotaped and tran-
scribed verbatim. Two coders independently identified
main themes and subthemes of the discussion and jointly
interpreted the results.

Nevertheless, some limitations arise when interpret-
ing the findings. First, the study involved only one focus
group; however, the group members represented key stake-
holders (regulatory bodies and clinicians), who not only
have an in-depth insight into patient access to antidia-
betic medicines, but also the ability to influence diabetes
management in Slovenia. The number of representatives
of regulatory bodies with specific knowledge on the study
topic in Slovenia is limited, which makes it more difficult
to conduct series of focus groups with different represen-
tatives of regulatory bodies; doing so would most likely
not add to the results. We could conduct another focus
group including only representatives of clinicians, but in
this case different stakeholders would not be able to inter-
act and discuss each other’s opinions, which is one of the
main advantages of focus groups. Second, although the
focus group facilitator encouraged all participants to ex-
press their opinions, some clinical aspects were discussed
more specifically by diabetologists only. Third, transcripts
and study findings were not returned to the experts for
additional feedback and confirmation. However, all four
researchers who attended the focus group discussed the
study findings. During the discussion, no specific ques-
tions arose regarding the interpretation of the study results.

CONCLUSION

Slovenia provides satisfactory patient access to antidiabetic
medicines; this is mainly affected by prescribing restric-
tions and unequal access to diabetologists across Slovenian
regions. The most important measure to improve patient
access to antidiabetic medicines, not only in Slovenia but
also in other countries, is changing prescribing restric-
tions. In addition, national registries of patients with dia-
betes should be established to monitor patient outcomes.
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Multidisciplinary teams should be involved in diabetes
care. The Slovenian model of FMRCs may serve as a basis
for establishing multidisciplinary teams; however, the ac-
tivities of these clinics should be clearly defined from the
beginning at the national level, involving representatives
of all stakeholders in diabetes care.
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PerynaTopHa U KIMHWYKa NepcneKkTUBa A0CTYNHOCTM aHTMAKjabeTUKa 6onecHMLMma

y ChoseHuju

LUnena eposHuk, Huka Maphetko, Vrop Jlokatenu, MuTja Koc

YHvBep3uteT y Jbybmann, Oapmavieytcku pakynteTt, Onerbetbe 3a coumjanHy dpapmauujy, JbybmbaHa, CnoeHuja

CAXETAK

YBoa/LUnsm Y nocnearoj feLieHnjn yBefeHe cy Tpy MHOBATWB-
He BPCTe aHTUAMjabeTYIKa, a TO Cy MHXMOUTOPYW ANMENTUANIHE
nentupase-4, aHanosm raykaroHa CaMyHy nentuay-1 v nHxm-
61TOpPU HaTPMjyma 1 rnyKo3e 2. HeKoNMKO YnkbeHnLa yTuye Ha
AOCTYMHOCT OBUX JIeKoBa 6onecHnLMMa, Te Tpeba NcTpaxuTy
HbVIXOBY YNOTPeODy Y KNMHWYKOj NpaKcy.

Linmb cTypuje 6uo je aa ce cTekHe yBUA Y AOCTYMHOCT aHTUAWja-
6eTrKka 6onecHnumma y ClioBeHwj1 ca perynaTopHe 1 KIMHUYKe
Tauke rneguLuTa.

Metope QokycHa rpyna ca neT cloBeHaukuX CTpyUbaka (npea-
CTaBHLM PErynaTopHvIX Tena u KOPUCHWULM aHT1AnjabeTrKa)
cactana ce y jaHyapy 2019. rognHe. [lnckycuja je cCHUMIbEHA
3BYYHVM 3aMm1coM, a nocne fobujara NMcMeHe carnacHoCTu
CTPyYtHbaka Hanpas/beH je NcaHn TpaHCKPUNT. [IBoje ncTpaxu-
Baya Cy He3aBMCHO aHanM3npanu cagpaaj auckycuje, kopuctehu
NVivo 11 pa npeHTUdUKyjy rnaBHe Teme 1 NOATEME.

‘ DOI: https://doi.org/10.2298/SARH210125058Z

PesynrtaTtu CnoBeHuja npyxa 3agoBosbasajyhv HUBo focTyn-
HOCTV aHTMAMjabeTUKa 6onecHULMMa, MeDYTHM, OrpaHnYeHa
y MPONVCUBatby IEKOBA 1 HejeHAK MPUCTyn AnjabeTonosunma y
C/IOBEHAYKIM PETVOHVIMA MOTY OTPaHUYUTV MPUCTYN 6onecHnKa
VHOBATUBHUM aHTuAMjabeTuyapuma. OrpaHuuerba y nponu-
CrBatby NleKoBa Tpeba YCKNaanTH ca HOBMM JOKa3MMa o Kap-
AVIOBACKyNnapHUM NpesHOCTMa ogpeheHrx aHTAnjabeTrKa.
lMoTpebHO je ycnocTaBUTM HaLMOHaHY perrcTap 6onecHuKa ca
AnjabeTecom Kako 6 ce fobuny MoysaaHn nofaLy o cxogrma
neyerba 1 NobosbLIao KBANNUTET Here 6oecHNKa.

3aKsbyuak HeornxofHo je noborbLuaTi JOCTYNHOCT aHTAWjabeTKa
6onecH1LMMa He camo y CrioBeHuju Beh 1y Apyrvim 3emibama npo-
MEHOM OrpaHuyetba 3a MPOMNUCUBaH-E JIEKOBA, YCNIOCTaB/bakbeM Ha-
LIMOHAHOT PerncTpa 6onecH1Ka ca ArjabeTecom 1 yKibyumBarbem
MyNTUAMCLIMNIIMHAPHYX TYIMOBA Y Nleuetse AnjabeTeca.

KrbyuHe peun: anjabetec; aHTnaujabetnyapy; npuctyn 6onec-
HULMMa; OKYCHa rpyna; neyere anjabeteca
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CASE REPORT / NMPUKA3 BOJIECHUKA
Rapidly progressive pulmonary fibrosis in COVID-19
pneumonia

Mihailo Stjepanovic¢'? Slobodan Beli¢’, Ivana Buha', Nikola Mari¢', Marko Barali¢?,
Violeta Mihailovi¢-Vucini¢'?

'University Clinical Center of Serbia, Clinic of Pulmonology, Belgrade, Serbia;
University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
3University Clinical Center of Serbia, Clinic of Nephrology, Belgrade, Serbia

SUMMARY

Introduction COVID-19 pneumonia does not have a characteristic course and prognosis. Many facts
still remain hidden, mainly why certain patients develop complications with serious tissue damage and
whether it causes a permanent organ impairment. If and when will fibrosis develop in COVID-19 pneu-
monia requires further research, but a link between the amount of tissue afflicted and the development
of fibrosis exists.

Case outline A previously healthy, non-smoker, woman with minor symptoms on admission had suddenly
developed a serious respiratory insufficiency and whose radiographic finding on computed tomography
scan had shown a serious progression with the development of fibrosis in a matter of days. The exact
mechanism and correlation of this clinical course remains unknown; however, it is clear that the pulmonary
fibrosis is caused by COVID-19 pneumonia. Follow-up computed tomography scan, performed 50 days
after initial symptoms, had shown a partial regression of consolidations and post-inflammatory fibrosis.
Conclusion Pulmonary fibrosis is the most severe complication of COVID-19 infection on the respira-
tory system. Who, when or if a patient will develop any complication is still unclear, as well as whether
these changes are reversible? Also, the number of recovered patients who later develop some chronic
complications remains to be seen.

Keywords: COVID-19; pneumonia; pulmonary fibrosis

INTRODUCTION

Near the end of 2019, in Wuhan, China there
was a significant number of patients with vi-
ral pneumonia with uncharacteristic clini-
cal manifestation and unpredictable clinical
course. Shortly thereafter the cause was iden-
tified as coronavirus, and the World Health
Organization had classified it as COVID-19
infection, more specifically as SARS-CoV-2 [1].

Previously, coronavirus had caused gastro-
intestinal symptoms in humans, and was pre-
dominantly pathogen that infects animal spe-
cies [2]. In previous seven months, as of time of
writing this report, this virus is one of the most
common infectious agents in humans, and can
lead to respiratory, cardiovascular, gastrointes-
tinal and other difficulties. Currently, clinical
manifestation of this infection is of a relatively
severe course, with frequent development of
complications and (one or more) organ failures,
with a possibility of a lethal outcome [3]. Many
clinical studies have shown that organ damage
caused by COVID-19 can be irreversible [4].
Considering that coronavirus still shows new
characteristics, many facts are still unknown,
such as the path of transmission, period of in-
cubation, clinical presentation, typical radio-
graphic and laboratory findings and specific
treatment.

CASE REPORT

Female patient, non-smoker, aged 45, with no
previous history of any pulmonary or other
medical diseases, has been hospitalized at our
Clinic due to suspicion of COVID-19 infection.
She presented with fever (up to 38°C), fatigue,
muscle and joint pain which began a day prior
to hospitalization. Initially, she was examined
in the regional medical center, chest X-ray had
shown a discrete reticular pattern paracardial to
the right and biochemical results have shown a
slightly elevated C- reactive protein (10 mg/l).
Considering the positive epidemiological expo-
sition, she was highly suspected of COVID-19
infection and was administered to our Clinic.
On admission the patient was conscious, with
a fever (37.8°C), eupneic, acyanotic, anicteric,
with normal coloration of the skin and visible
mucosa, with no signs of peripheral lymph-
adenopathy and fresh hemorrhagic syndrome.
Auscultation of lungs had shown normal respi-
ratory sound, O, saturation of blood measured
on room air was 98%. Heart rate was tachycard-
ic, rhythmic, with no murmurs, heart rate was
95 bpm, arterial tension was 120/80 mmHg.
ECG had shown sinus rhythm, with no ST
and T abnormalities. Laboratory findings
were within referential values, except slightly
elevated C-reactive protein (CRP) 9.1mg/l and
interleukin 6 (IL-6) 13.1 pg/ml. Chest X ray had
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Figure 1. Chest X-ray on admission, with signs of diffuse broncho-
vascular markings

shown emphasized bronchovascular markings (Figure 1).
Serological analysis for COVID-19 were initially negative,
as well as the first two nasopharyngeal swabs. However, the
third swab came back positive, and the patient was started
with COVID-19 treatment suggested by the National pro-
tocol for COVID-19 infection, provided by the Ministry of
Health of Serbia (third generation cephalosporins, chlo-
roquine, anticoagulant and poli-vitamin treatment). After
the beginning of treatment, clinically the patient felt well,
with the exception of daily elevations of body temperature
(up to 39°C). On the fifth day of hospitalization, there was
an elevation of CRP (23.7 mg/1) and IL-6 (35.7 pg/ml); se-
rum iron was decreased (4.3 umol/ml) with newly discov-
ered mild thrombocytopenia (142 x 10°) and leucocytes
count of 3.6 x 10°. Follow-up chest X-ray did not show
any significant changes compared to the one on admis-
sion. Fluoroquinolone was added to the treatment. On the
seventh day of hospitalization, as a part of reevaluation of
the disease, a CT scan was performed which had shown
multiple bilateral and subpleural oval areas of ground glass
opacification with a minimal reaction of interlobular in-
terstitium, with the exception of X segment, in which was
an area 6 x 3.2 cm, with evident interlobar septal thicken-
ing with fibrosis and bronchiectasis. The location of the
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areas with ground glass opacification were as follows: the
left lung 2.5 x 1.5 cm in the upper lobe, 2.8 x 2.4 cm in
the lingula, 5.4 x 2 cm in the VI segment, roughly 4.5 cm
in the IX, and 1.5 cm in the X segment; the right lung in
the posterior part of the upper lobe 5.7 X 2 cm, 7 x 3 cm
in the VI segment, and up to 1.5 cm in the VIII segment.
There were several lymph nodes up to 1 cm in the 4R and
5L group (Figure 2).

On the tenth day of hospitalization, there was an acute
worsening of the general state of the patient with a sudden
development of hypoxia (O, sat 92%). There was a further
increase of the inflammatory factors (CRP 138.6 mg/l, fi-
brinogen 4.9 g/, ferritin 544 ug/l, IL-6 63 pg/ml), with a
significant increase of presepsin 1340 pg/ml. There was
also a pathological finding of the liver enzymes (AST 54
U/l, ALT 49 U/]). Chest X ray had shown further progres-
sion of the finding, with diffuse consolidation, especially
peripherally in the basal regions (Figure 3). The patient
was put on a triple antibiotic treatment (third antibiotic
was a derivate of imidazole), and was placed on a con-
tinuous controlled oxigenotherapy. Considering the pres-
ence of both clinical and radiological worsening, as well
as the further increase of the inflammatory factors, it was
decided to administer tocilizumab in the dose of 40 mg
parenterally, followed by systemic corticosteroid therapy
(methylprednisolone, 2 mg/kg with successive decrease of
the dose). After the change of the treatment, the respiratory
insufficiency is further worsened (arterial blood gas test
had shown pH 7.46, pO, 7.78 kPa, pCO, 5.07 kPa, lactates
2.2 mmol/l, O, sat 91%), which lead to the administration
of the high flow oxygenator. The treatment proved success-
tul, there was an improvement of the arterial blood gas test
pH 7.49, pO, 11.5 kPa, pCO, 4.44 kPa, O, sat 95.5%, start-
ing from the 13th day of the hospitalization the patient did
not have any fever, and felt significantly better, however,
she was still dependent on high flow oxygenator. New lab
results have shown a normalization of the bloodwork as
well as CRP (2.5 mg/l), and a relatively higher value of IL-6
(195 pg/ml), which was expected after the initiation of the
immunosuppressive therapy. The control chest X-ray has
started to show initial signs of the regression; however,
it did show a certain degree of the newly developed pul-
monary fibrosis (Figure 4). The further administration of

Figure 2. First computed tomography scan showing multiple subpleural ground glass opacifications
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Figure 3. Follow-up chest X-ray now showing the changes initially
seen only on the computed tomography scan

the corticosteroid treatment had led to the improvement
of the arterial blood gases (pH 7.47, pO, 9.5 kPa, pCO,
4.8 kPa, O, sat 96%, the results were without O, support).
With these improvements, the patient was discharged, and
continued treatment from home.

The follow-up CT scan was performed 50 days after the
first day of hospitalization. It had shown that subpleural,
in both lungs, the previously found ground glass regions
remained (right I and II segment, left I and II segment)
which were interpreted as an inflammation in resolution.
However, in the VI segment, in the right lung, there was a
zone of consolidation with a negative areal bronchogram,
and a thickening of the interstitium with a distortion of
the pulmonary bronchi; bilaterally in the IX and X seg-
ment there is a thickening of the interstitial septa- all of the
changes are attributed to the post inflammatory fibrosis.
The follow-up pulmonary function had shown a certain
degree of restriction (FVC 96%, FEV1 100%, FEV1/FVC
88.52; diffusion capacity for CO TLCOc 59%, KCOc 73%).

Written consent to publish all shown material was ob-
tained from the patient.

DISCUSSION

We have stated that COVID-19 pneumonia has an un-
characteristic clinical presentation and an unpredictable
outcome. Many characteristics still remain undiscovered,
and the main enigma is why certain patients develop com-
plications, and whether or not there is a permanent dis-
function to the afflicted organs. In this case report we will
discuss what is known regarding the pathophysiological
mechanism of the COVID-19 infection of the respiratory
system. It is known that COVID-19 enters the respiratory
cells through angiotensin-converting enzyme 2 receptors
(ACE2) [5]. If a certain organism causes an intensive im-
mune response, known as “cytokine storm,” it leads to
the hypercoagulability and further lung damage [6]. The
damaged tissue is repaired with scar tissue, which has no

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):467-470

Figure 4. Follow-up chest X-ray after immunosuppressive treatment
and high flow oxygenator, showing a certain degree of regression,
however areas with fibrosis still remain

function, and leads to the state known as pulmonary fi-
brosis. Whether or not the pulmonary fibrosis will develop
after COVID-19 pneumonia is still unknow, but it could
be hypothesized that there is a correlation between the
amount of infected tissue and the degree of fibrosis.

We have chosen to present this case in order to show
how the clinical course, radiographical and laboratory
findings can change in a relative short period of time,
in this case in less than 48 hours. It is important to note
that our patient was a relatively young woman, with no
previous known diseases, no history of smoking and no
professional exposition to any known respiratory agents.
On admission she did not show any signs or symptoms of
any organ failure. Between sixth and tenth day, the patient
suffered a worsening of the symptoms and developed acute
respiratory insufficiency with radiological progression.
CT scan could probably show the existing pathological
findings earlier than chest X-ray. The first CT scan per-
formed on the eighth day since the start of the symptoms
had shown the beginning of the lung scaring. There are
two possible explanations for the development of the pul-
monary fibrosis which are most probable: first is that the
virus was present much longer prior to the manifestation
of the first symptoms and had time to damage the lungs.
The second possibility is that the virus caused the “cyto-
kine storm” which led to the pulmonary fibrosis. The only
certain causality is that COVID-19 pneumonia has led to
the pulmonary fibrosis. The control CT scan had shown
that there still are areas of consolidations, as well as areas
with pulmonary fibrosis.

Current knowledge regarding the sequelae of
COVID-19 infection is lacking. Regarding the respira-
tory system, pulmonary fibrosis could be considered the
most severe complication of COVID-19 infection. It is still
unclear who, when or if a patient will develop this com-
plication. As of writing of this article, there are roughly 20
million infected people, with round 13 million who have
recovered from COVID-19 infection [7, 8]. How many of
the recovered patients will have any complications, and
if those complications are reversible, only time will tell.
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PanugHo nporpecusHa nayhHa ¢pubposa Kog NHeyMoHuMje U3a3BaHe Kosuaom 19

Muxauno CrjenaHoBuh'? CnobogaH benuh', MBaHa byxa', Hukona Mapuh', Mapko bapanuh?, Buoneta Muxaunosuh-ByunHuh'?
'YHUBep3uTETCKN KNMHWUYKY LeHTap Cpbuje, KnuHuka 3a nynmonorujy, beorpag, Cp6uja;

2YHuBep3uTeT y beorpagy, MegnunHckn dakynter, beorpag, Cpbuja;

3YHnBep3nTETCKI KNUHUYKY LieHTap Cpbuje, KnuHuka 3a Hedponorujy, beorpaa, Cpbuja

CAXETAK

YBop lNHeymoHvja n3a3eaHa KoBraoM 19 nma HekapakTepuc-
TWUYHY KITMHWUYKY CIIMKY 1 HENpeaBuamnB ToK. MHore unkbeHuLe
Cy OCTasle HepasjalutbeHe, a rMaBHa EHUrMa OCTaje 3aLUTO Ce KOA
HeKUx 6oNecHrKa pa3Bujajy KOMMIMKaLyje ca NocieanyHIm
owteherem TKrBa 1 Aa 1 he Te NpoMeHe TpajHO HapyLUNTK
byHKUWjy 3axBaheHux opraHa. [la nu he ce n kapa pa3sutu du-
6po3a nnyha nocne NHeymoHuje n3a3gaHe Kosraom 19 3acaj
Huje MO3HaTo, anu jacHo je Aa NocToju Kopenauuja n3mehy obum-
Ma 3axBaheHor TKMBa BUPYCOM 1 pa3Boja oBe 6oniecTu.
Mpukas 6onecHuKa MNpuKkasyjemo 6onecHLYy 6€3 XPOHUYHMX
6onectu, Henylaya, 6e3 npodecrmoHanHe N3N0XeHOCTH, Koja
je npu npujemy 6una fobpor onwTer cTakba U 6e3 3HaKoBa Mo-
nyLTakba 610 Kor opraHa. Y poKy of HEKONIMKO faHa panuaHo
Ce MOropLLAsIo OMLUTE CTakbe, Pa3BUIa Ce PeCnpaTopHa MHCYd-
nLjeHLUMja 1 PafMOoNOLLKM Cy YOUEHE MacBHE KOHCONMAaLyje
060CTpaHo, ca NojeAMHUM 30HaMa Yy KojiMa Cy bune oxubHe

DOI: https://doi.org/10.2298/SARH200818045S

npomeHe. [la nu je Brpyc 610 Ay>Ke NPUCyTaH 1 Aa N Cy npee
Terobe Hactynune nocne seh 06MMHOr HapyLuaBaa ninyhHor
TKMBa 1N Cy youeHe pnbpo3He MpomeHe nocneauua,, LuTo-
KVHCKe onyje” Huje no3Hato. JacHo je aa cy dprbposHe npomeHe
nocnepuLa nHeyMoHuje 13a3BaHe KoBrgom 19. KOHTposHM cHi-
MaK KOMMjyTep130BaHOM TOMOrpadujom rpyaHOr KoLla NoKasao
je pa cy npomeHe y nnyhuma npuricytHe gudy3Ho, 060cTpaHo y
CBUM 1106YNyCrMa, AeNoM KoHconmaaLumja (50 faHa of noyeTka
Tero6a), a AeNnom KOHCoNMAaaLvja y pe3onyLuju, y3 npucyTHe
d1bpo3He NpomeHe Kao NOCTUHGNAMATOPHe CEKBESE.
3akmbyuak Orbpo3a nnyha je HajTexka cekBena Kojy 0Baj BUPYC
MOXe MPOYy3POKOBaTU Ha pecnpaTopHom cuctemy. Ko, Kapa v
Aa nn he pa3sutn Gnbpo3y nnyha u garbe ocTaje Hepasjallkbe-
Ho. KonvKu npoLeHaT onopassbeHnx 6onecHrKa nma unm he
Pa3BUTY HEKY Of XPOHUYHIMX KOMMNMKaLmja nokasahe Bpeme,
Kao 1 To Aia N1 Cy NPUCYTHE NMPOMeHe peBep3nbuHe.
KmbyuHe peun: koBug 19; nHeymoHuja; nnyhHa pnbposa
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SUMMARY

Introduction Myoid angioendothelioma of the spleen is an extremely rare form of a benign splenic
tumor. There is no characteristic symptomatology for this disease.

Case outline We present four patients operated on for myoid angioendothelioma of the spleen. Three
patients were without problems while one had nonspecific problems. Two patients underwent lapa-
roscopic surgery and two underwent open splenectomy. In all patients, the definitive diagnosis was
confirmed by histopathological examination.

By reviewing the aforementioned medical databases of published papers in English, we found a total of
eight cases of myoid angioendothelioma of the spleen. In addition to the mentioned number, we have
added our series of cases.

Conclusion Twenty-one years after the discovery of myoid angioendothelioma of the spleen, the small
number of cases presented in the literature is still a limiting factor in making conclusions and in learning

lessons about this disease

Keywords: spleen; tumor of the spleen; splenectomy; laparoscopy

INTRODUCTION

Myoid angioendothelioma of the spleen (MEA)
is an extremely rare form of benign splenic
tumor. As most benign tumors of the spleen,
vascular malformations in combination with
stromal cells are responsible for the develop-
ment of MEA [1].

There is no characteristic symptomatology
for this disease. Patients are mostly asymptom-
atic, and sporadically there may be symptoms
in the form of nonspecific pain below the left
costal arch, abdominal discomfort, nausea and
vomiting, which may occur sporadically [2].

MAE is diagnosed accidentally, most often
as an incidental finding within other diagnostic
foci. Initially, it can be detected by ultrasonog-
raphy of the abdomen, although computed to-
mography (CT), as well as magnetic resonance
imaging (MRI) have much greater specificity
and sensitivity. The most authoritative, and at
the same time the most accurate diagnosis is
histopathological verification [3, 4].

Splenectomy (laparoscopic or copen) is the
only curative treatment modality. Laparoscopic
splenectomy should certainly be preferred over
open splenectomy because of the numerous
advantages and benefits achieved by this ap-
proach [5].

Our study aims to implement our series of
MAE cases into current literature data. We also

wanted to show that, in addition to the already
known benefits of laparoscopic splenectomy
over open splenectomy, preserving the integrity
of the preparation does not affect the defini-
tive histopathological finding, and that there is
absolutely no difference whether the spleen is
delivered in fragments or as a complete sample.

CASE REPORTS
Case 1

A 54-year-old female patient was referred to
our hospital for additional diagnostics and
further treatment due to a lesion in the spleen,
which had previously been verified with ul-
trasound. On admission, the patient’s general
health status was good, she had no comorbidi-
ties and reported no complaints. Within ad-
ditional diagnostics, an abdominal CT scan
was performed. The finding confirmed the
existence of a lesion in the spleen, 52 x 50 mm
in size, which was, according to its characteris-
tics, most consistent with a splenic tumor. We
indicated that surgical treatment was necessary
and proceeded to perform laparoscopic sple-
nectomy in the standard manner, with the use
of hem-o-lok clips for the vascular elements of
the splenic hilum (Figure 1). Hospitalization
was uneventful, with no complications. On the
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Figure 1. Intraoperative presentation of the hemostatic technique for
the vascular elements of the spleen hilum; the red arrow indicates the
splenic artery and the blue arrow indicates a splenic vein

third postoperative day the patient was prescribed appro-
priate therapy and discharged from hospital to complete
recovery at home.

Case 2

A 26-year-old male patient was hospitalized for surgical
treatment. Previous MRI of the abdomen showed tumor-
ous lesions in the spleen, 45 x 40 mm (Figure 2). After
adequate preoperative preparation, the patient was oper-
ated on in general anesthesia. Laparoscopic splenectomy
was performed, in the standard manner, with the applica-
tion of the hanging spleen technique, as was done in the
previously described case. The surgery itself, as well as
postoperative recovery, were uneventful, with no compli-
cations. The patient was discharged from hospital on the
third postoperative day.

Case3

A 58-year-old male patient was hospitalized for surgical
treatment of a previously verified tumorous lesion in the
spleen. This lesion had been diagnosed with an abdomi-
nal MRI scan, as an incidental finding within diagnostic
procedures and testing focused on other health issues. The
patient, whose general health status was good and who
had no comorbidities, was treated surgically. The surgical
procedure and postoperative recovery were uneventful,
with no complications. The patient was discharged on the
tifth postoperative day.

Case 4

A 69-year-old male patient was admitted to hospital for
health status assessment and additional diagnostics. Prior
to hospitalization, the patient felt discomfort in the up-
per left quadrant of the abdomen with occasional non-
specific pain in the same region. Ultrasound of the abdo-
men showed a lesion in the spleen. The patient was then

‘ DOI: https://doi.org/10.2298/SARH201113051M

Figure 2. Magnetic resonance imaging examination showed a solitary
lesion in the lower pole of the spleen, with peripheral rim enhance-
ment on arterial phase

referred for further treatment. After hospital admission,
a CT of the abdomen was performed. The scan verified a
lesion in the spleen, 55 x 60 mm in size, which, accord-
ing to its characteristics, was consistent with a splenic
tumor. Surgical treatment was indicated, and open sple-
nectomy was performed, as in Case 3, described above.
Postoperative recovery was uneventful and with no com-
plications, and the patient was discharged from hospital
for further recovery at home on the fifth day after the
procedure.

All the patients whose cases are described above were
prescribed prophylactic antibiotic therapy at discharge, and
were also given instructions regarding necessary postoper-
ative immunization, in keeping with the current guidelines
found in literature and guidebooks on the prevention and
treatment of postsplenectomy infections.

All the spleen samples were sent for definitive histo-
pathological and immunohistochemical analysis, which
confirmed that, in all four of the described cases, the
lesions were MAE of the spleen. In one of the patients,
however, overlap was detected, i.e., in addition to MAE,
the existence of splenic cord capillary hemangioma was
also confirmed.

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. Written consent to
publish all shown material was obtained from the patient.

DISCUSSION

MEA of the spleen is an extremely rare form of a benign
splenic tumor. It was described for the first time in 1999 by
Kraus and Dehner [6]. By reviewing the aforementioned
medical databases of the published papers in English, we
found a total of eight cases of MEA. In addition to the
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Table 1. Characteristics of all included studies and our studies

Study Histopathology Ui Accompanying Signs and
Author Country | Year . Age | Sex : . Laparoscopy or )
design confirmation 0 disease symptoms
pen surgery
In all three Case 1: Beckwith-
Case 1: not -
cases: may Wiedemann .
3 | F | reported d Case 1: not reported
Case emale represent Case 2: not syndrome Case 2: abdominal
Kraus M. D. [6] USA 1999 - 7 Male | proliferations of ) Case 2: None -
series ] reported ; - discomfort
43 | Female | myoid elements Case 3: Cystic
. Case 3: open - .| Case 3:not reported
native to the mucinous pancreatic
surgery
spleen neoplasm
Case Renal calculi and Abnormal liver
KarimR.Z.[4] | Australia | 2004 51 | Male Yes Not clear degenerative spinal .
report o function test results
disc disease
Partial
Case splenectomy Fever, lethargy,
ChanY.F.[7] Australia | 2005 report 8 Male Yes and removal Wilms' tumor vomiting and bone
P of the splenic pain
lesion
Incidentally
South Case Rectal cancer, discovered while
Jang K. Y. [1] 2013 41 | Female Yes Open surgery hypertension and searching for
Korea report .
asthma metastasis of rectal
cancer
. Epigastric
Geramizadeh Iran 2017 Case 38 | Female Yes Open surgery None abdominal
B.[3] report .
pain and fullness
No symptoms and
Case Laparosconic signs, discovered on
Shah A. A.[10] India | 2018 11 Male Yes P P Wilms tumor (kidney) | routine ultrasound
report splenectomy
(follow up after
Wilms tumor)
No symptoms and
Case 1, 2. signs, discovered on
57 | Female . !
. Lo Laparoscopic routine ultrasound
Milosavljevi¢ V. . Case | 32 | Male o
Serbia | 2020 : Yes splenectomy None and incidentally
(present study) series | 65 | Male
Case 3, 4. on computed
74 | Male
Open surgery tomography,
magnetic resonance

mentioned number, we have added our series of cases and
showed it in Table 1, all of it to update and add to the cur-
rent literature data.

Including data from our case series, the distribution by
gender is slightly higher in men compared to women 7/5.

The symptomatology of this disease is mostly absent.
Rarely, there may be a pain in the upper left quadrant of
the abdomen, as well as a feeling of discomfort in the ab-
domen [7, 8].

Due to the absence of specific symptoms, like other be-
nign tumors of the spleen, MAE is a real diagnostic chal-
lenge. They are almost always discovered accidentally as an
incidental finding as part of other diagnostic tests and foci
[9, 10]. They are initially detected by ultrasound exami-
nation of the abdomen, although it is certainly necessary
to perform one of the more modern diagnostic methods
such as CT, MRI, or positron emission tomography for
better verification, determination of characteristics, and
differential diagnosis [11].

The definitive and only authoritative diagnosis is made
by histopathological and immunohistochemical examina-
tion [2, 5, 12].

All patients presented in our study underwent his-
topathological and immunohistochemical verification.
Definitive histopathological findings revealed a well-cir-
cumscribed tumor composed of numerous capillary caliber

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):471-475

vessels implanted in an eosinophilic matrix with pulp stro-
mal cells. Further immunohistochemical examination re-
vealed strongly positive staining of the vascular lining cells
for CD34 and CD31, while stromal cells stained positive
for smooth muscle actin, desmin, and myosin. Staining
for S100, CD8 and CD21 was not present in either lining.
Therefore, a diagnosis of MEA of the spleen was confirmed.

Some authors advocate preoperative histopathological
analysis of changes in the spleen using fine-needle aspira-
tion [13].

From our previous experience in the treatment of be-
nign tumors of the spleen, we do not share the opinion
that the use of fine-needle aspiration is necessary if it is
known that any tumor change in the spleen requires sur-
gical treatment, i.e., splenectomy [2, 5, 14, 15]. Special
attention should certainly be paid to the fact that the fine-
needle aspiration sample can often be inconclusive, and the
intervention itself, like all other invasive procedures on the
spleen, carries a certain type of risk for complications [16].

As in the case of other benign splenic tumors, splenec-
tomy is the only curative treatment modality to be applied
for MAE [2, 17]. According to the literature data presented
so far in Table 1, out of a total of eight cases, only one un-
derwent laparoscopic splenectomy. During that time, we
performed laparoscopic splenectomy in two patients, and
open splenectomy was performed in two patients due to
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technical reasons and to the insufficient experience of the
surgeons who performed the operations.

Due to the numerous advantages and benefits that lapa-
roscopic splenectomy provides, it should always be given
priority over open splenectomy [2, 5, 14, 16, 18].

Since it is a benign tumor of the spleen, it is possible to
perform partial splenectomy, especially in younger people
[19]. In general, the small number of cases described so
far, as well as the lack of reliable information on the ap-
plication of partial splenectomy in the treatment of MAE,
are a limiting factor [20].

Twenty-one years after the discovery of MAE, the
small number of cases presented in the literature is still
a limiting factor in making conclusions and in learning
lessons about this disease. Each subsequent case should be
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MpuKa3s yeTmpu cayyaja Hajpeher 6eHUrHor Tymopa caesnHe — MUOMAHOr

aHTMOEHA0TENNOMA U Npernes nutepatype

Bnagumup Munocasbesuh', Hukona lpy6op?3, Cnasko Matuh?3, iparax Epuh?, bopuc Taguh??

MonvknuHuka Mpauna Meguka“, beorpag, Cpbuja;

2YHUBEP3UTETCKM KIMHUYKY LeHTap Cpbuje, KnuHuka 3a gurectsHy xupyprujy, lMpsa xmpypluka knnHuka, beorpag, Cpbuja;

*YHusep3uTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
“Peny6nnukm GpoHp 3a 3gpaBCTBEHO ocuryparbe, Cpbuja

CAMETAK

YBog MyionaHW aHroeHAOTENMOM je BeOMa pefak 6eHNrHn
TyMOp cie3nHe. He NocToju KapakTepmucTMyHa CUMNTOMaTo-
noruja 3a oBo obosbete.

Mpuka3s 6onecHuKa lNpeacraBbamo yeTupmn 6onecHriKa one-
pvicaHa 360r MMOUAHOT aHTOeHAOTeNoMa cne3uHe. Tpu 60-
JNlecHVKa cy 6una 6e3 Tero6a, 10K je jeaaH nMao HecneunduyHe
Tero6e. [Ia 6onecHuKa cy onepricaHa 1lanapockomncku, a Aza
OTBOPEHOM CrieHeKTOMUjoM. Kog cBrx 6onecHmKa geduHu-
TVBHA [IMjarHo3a je noTBpheHa XMCTOMATONOLIKIM NPerneaoM.
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Duckycuja Mpernegajyhu nomeHyTe MegnumMHCKe 6a3e noga-
TaKa 00jaBsbeHVIX paioBa Ha eHINeCKOM je3rKy, POHALLIN CMO
YKYMHO OCaMm CilyyajeBa M1IOVAHOT aHTMOEHAOTENIOMA Cle3NHe.
Mopen nomeHyTor 6P0oja, LOAANIN CMO U Hally cepujy CilyyajeBa.
3aksbyyak [IBagiecet v jefHy roguHy nocse otkpuha mvongHor
aHrMoeHAoTeNoMa cre3uHe Manu 6poj cinydajeBa npencTa-
B/bEHUX Y IUTEpaTypu je 1 farbe orpaHuyasajyhu gaktop y
[OHOLLEeY 3aK/byyaka 0 0BOj 6onecTu.

KrbyuHe peun: cnesviHa; TyMop C/ie3nHe; CnIeHeKTOMMja; na-
napockonuja
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Necrotising fascitis — a life-threatening infection:
case reports and literature review

Dzemail S. Detanac', Mehmed Muijdragi¢', Dzenana A. Detanac', Mersudin Muli¢?, Hana Mujdragi¢'

'General Hospital of Novi Pazar, Novi Pazar, Serbia;
State University of Novi Pazar, Novi Pazar, Serbia

SUMMARY

Introduction Necrotizing fasciitis is a rare, severe, aggressive infection, life-threatening surgical emer-
gency that spreads quickly, characterized by extensive necrosis of the deep and superficial fascia, as-
sociated with significant morbidity and mortality.

Case outline We are presenting two case reports with necrotizing fasciitis: a 54-year-old male patient,
obese, with hypertension and untreated perianal fistula with severe infection of perianal region, perineum
and scrotum, and a 64-year-old female patient with diabetes mellitus and heart disease, with severe
infection of the lower extremity, anterior abdominal wall, inguinal and gluteal region, in which the entry
point of infection were microlesions of the skin after shaving. Both patients were treated by emergency
extensive surgical necrectomy with eradication of the deep infection source, with all conservative treat-
ment measures. One patient was treated with hyperbaric oxygen therapy, the other was not because of
cardiac and pulmonary contraindications.

Conclusion Better treatment outcome requires a multidisciplinary approach (cardiologist, endocrinologist,
nephrologist, orthopedist, surgeon). Rapid and extensive surgical necrectomy is necessary to increase
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the success of the treatment of patients with this infection.
Keywords: necrotizing fasciitis, surgical debridement, severe infection

INTRODUCTION

Necrotizing fasciitis (NF) is a rare, severe, bac-
terial life-threatening infection, characterized
by spreading rapidly, affecting subcutaneous
tissue, fascia and sometimes muscles, an in-
fection with high mortality rate, especially in
patients with comorbidities [1].

The incidence of this infection is 1-4/100.000
persons per year. Many studies present different
mortality data for NF, but what they have in
common is that it is still extremely high [1, 2,
3]. In a population-based study in the United
States, it was reported that overall mortality was
7.5%. Some studies reported mortality rate up
to 70% with higher rates in underdeveloped
countries. The modern new studies report
mortality rate between 20-40% [4].

CASE REPORT 1

In September 2019, a 54-year-old man was ad-
mitted to the Department of General Surgery at
the General hospital of Novi Pazar. The patient
was febrile, languid, hypotensive, tachycardic,
obese, with changes on the skin of the perianal
region, about 3 x 3 cm in size, a slight bullous
change on the surface and palpatory evident
tissue fluctuation below the change. History of
the present illness: untreated perianal fistula.
Past medical history was positive for hyperten-
sion.

When admitted, an incision was made and
a large amount of green-brown liquid content
was obtained with an extremely unpleasant
odor. Laboratory findings during hospitaliza-
tion are shown in Table 1. Intensive conserva-
tive treatment started with empirical antibiotics
(ceftriaxone, gentamicin, and metronidazole),
insulin therapy, fluid replacement, analgesics,
and other supportive therapy, with monitoring
of vital parameters. After 24 hours of treatment
erythematous changes occurred on the skin
with obvious rapid spread of infection to the
perineum and scrotum, as well as to both gluteal
regions, also increased local pain, biochemical
inflammatory parameters and development of
clinical signs of sepsis (s-Procalcitonin 21.08,
The Laboratory Risk Indicator for Necrotizing
Fasciitis (LRINEC) score 11). Extensive surgical
excision of the infected parts of the perianal re-
gion, broadly into each gluteal region was made,
as well as excision of scrotal skin with opening
of all testicular sheaths and opening inguinal
canals on both sides. The wound was left to heal
per secundam intentionem (Figure 1).

A wound swab taken for microbiological
analysis was positive for Klebsiella spp. Treatment
was continued with antibiotics (imipenem, van-
comycin, and metronidazole) and regular wound
dressing two to three times daily.

Postoperatively, 48 hours after surgical rein-
tervention, necrectomy, was performed. On the
tifth postoperative day there was a worsening
of the patient’s general condition which was
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Table 1. Laboratory parameters during the hospitalization

Patient 1 Patient 2

Parameters

Day1 | Day2 | Day7 | Day1 | Day2 | Day7
Glycemia
(mmol/L) 41 20 12 32 24 10
CRP 403.7 397 134 350 305 140
(mg/L)
Creatinine | 5, | 160 | 103 | 158 | 142 | 122
(umol/L)
Urea
(mmol/L) 26.8 23 19 24 20 12
Na+
(mmol/L) 135 134 135 135 133 136
WBC
(10L) 26 28 16 27 23 15
RBC
10"/1) 4.08 3.81 3.21 4.34 4.01 3.98
HGB

121 114 101 129 123 124
(g/L)

Figure 2. At the end of the treatment for patient 1
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Figure 3. Local status of infected area in the beginning of treatment

complicated by the appearance of pulmonary edema and
heart failure. After the improvement of the general con-
dition, on the 10th postoperative day, hemodynamically
stable, with neat vital parameters, the patient was trans-
ported to a tertiary health care institution for treatment
with hyperbaric oxygen therapy (HBOT). Prior to HBOT,
colon surgery was performed according to Hartman pro-
cedure. He was treated in a tertiary institution for 40 days
after which he was discharged for outpatient treatment
with a regular wound toilet and occasional surgeon’s con-
trol. Four months following the treatment the patient had
fully recovered (Figure 2).

CASE REPORT 2

In September 2019, a 64-year-old female patient was
admitted to the Department of General Surgery at the
General Hospital of Novi Pazar. On admission she was
tebrile, languid, hemodynamically unstable, with pretibial
edema, septic, less mobile. For over 15 years she has been
a diabetic on insulin therapy.

On admission, an infection of the skin of the groin re-
gion on the right, about 6 x 2 cm in size, was noticed,
where the skin was erythematous, painful, with the pres-
ence of subcutaneous air enhancements.

Biochemical parameters during hospitalization are
shown in Table 1 (s-Procalcitonin 23.12, LRINEC score
10). Four hours after admission an extensive excision of
the skin and subcutaneous tissue was made, all the way
to the fascia of right femoral and pubic region, anterior
abdominal wall in the infraumbilical region, pubic and
right gluteal region, to the macroscopically visible healthy
tissue (Figure 3). The wound was left to heal per secundam
intentionem. After necrectomy antibiotic treatment was
started: imipenem, vancomycin, and metronidazole, and
other supportive therapy with daily wound toileting, two
to three times a day.

Postoperatively, a decrease in biochemical inflam-
matory parameters occurs. Surgical reintervention, ne-
crectomia, 48 hours after the first surgery, was performed.
Microbiologically isolated Pseudomonas aeruginosa in the
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Figure 4. At the end of the treatment for patient 2

wound swab was sensitive to administered antibiotics.
HBOT treatment was not performed due to cardiac and
pulmonary contraindications. On the control swab the mi-
crobiological findings showed Staphylococcus aureus and
Klebsiella spp. Due to a large skin defect, to prevent skin
contracture, situational sutures were repeatedly placed on
the skin (Figure 4) but to no avail. The patient was in good
general condition, neat vital parameters, no local signs of
infection, and after 45 days of hospitalization, the skin de-
fect was reconstructed by a plastic surgeon.

We obtained verbal and written consent from the patients
to publish the case report. This article was planned in com-
pliance with the Patient Rights Directive and ethical rules
by considering the principles of the Declaration of Helsinki.

DISCUSSION

NF is severe and potentially fatal, aggressive infection as-
sociated with significant morbidity and mortality. Some
literature data reported that the prevalence of NF is about
1-4 cases per 100,000 populations; men are commonly
affected, with a male-to-female ratio of 3:1 [1]. However,
there are studies showing different results, so, male to fe-
male ratio by Eke et al. [5] is approximately 10:1, and in the
study of Kim et al. [6], men accounted for 67.1%.

Most commonly, it is a polymicrobial infection caused
by aerobic and anaerobic bacteria, most commonly from
the genitourinary and digestive tract, but also from the
skin [7]. However, some recent studies suggests that the
prevalence of monomicrobial NF is as high as 60-80%
[8]. Tsai et al. [8] state that the infections have more rapid
and fulminant form if they are caused by Gram-negative
microorganisms. Jabbour et al. [9] state that Pseudomonas
and Proteus infections were the most commonly associ-
ated microorganisms among non-survivors in their study.

In presented cases, Pseudomonas and Klebsiella were
isolated as the only pathogenic microorganisms.

There is no age predilection for NF, but patient age
is a significant predictive factor for treatment outcome.
Middle-aged patients as well as those over 50 years of age
are more likely to be infected [10], have a worse prognosis,

‘ DOI: https://doi.org/10.2298/SARH200420023D
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especially if they have accompanying comorbidities [1, 11].
In the study by Chalya et al. [11], the median age of pa-
tients was 34 years, while Schroder et al. [12] analyzed
the occurrence of NF in children [13]. Advanced age is
independent and strong predictor of mortality, mainly due
to the increased incidence of comorbidities.

Diabetes mellitus is the most common comorbidity in
patients with NF, and in addition to it, there are chronic
alcoholism, chronic renal failure, arterial hypertension,
immunosuppression, systemic disorders, cirrhosis, obesity,
local trauma. Jabbour et al. [9] stated that in their study
diabetes was present in 64%, followed by hypertension
and renal impairment, and compared to a survivor group,
these comorbidities were higher among non-survivors.
In a study by Tarchouli et al. [10], diabetes was present in
38% of the cases and the mortality rate in heart disease was
significantly higher. In the study of van Stigt et al. [14] the
most frequent comorbidity was cardiovascular disease.

The disease usually involves anterior abdominal wall
(20%), the scrotum (30%), and perineum (50%) [1].

Patients usually have symptoms that manifest as local
pain, fever, malaise, hypotension, and poor general con-
dition. Tissue swelling, erythema, crepitations, odor, skin
necrosis, bullous changes can be seen. What is important
is that the visible change of the skin is much smaller than
the tissue infection under the skin, so it is necessary to rec-
ognize NF when the cutaneous changes are small. Mitchell
et al. [15] reported that the lower limb was the most fre-
quent site of infection, with 53%, and severe pain (76%)
and swelling (83%) were the most common presenting
features. Jabbour et al. [9] stated that the lower limb/thigh
(53%) was the most frequent site of infection, followed by
perineum (25%), and the sacral region had significantly
higher frequency in non-survivors. Misiakos et al. [13]
stated, the mostly infected site was perineum (46.8%), then
lower limbs (35.5%), diabetes mellitus was the most com-
mon comorbidity (40.3%) and tenderness and local pain
were the most common symptoms.

The symptomatology and local indicators of the infec-
tion in our cases mainly coincide with the literature data.
Both patients were admitted in a serious condition with
both local and systemic symptoms. The first patient pre-
sented with a history of comorbidity: irregularly treated
arterial hypertension was only reported, while he also
suffered from untreated perianal fistula and obesity (BMI
37.6). A percussion abscess was present from which the in-
fection may have spread. The second patient was a cardiac
patient with a long history of diabetes, on insulin therapy,
with signs of diabetic angiopathy and neuropathy. Locally,
in the groin region, after shaving a skin infection occurred
with liquid secretion and unpleasant odor, and the infec-
tion began to spread.

For successful treatment of NF timely diagnosis or sus-
picion of NF, aggressive resuscitation of the patient, broad
spectrum antibiotics administration, and early and radical
surgical intervention are essential. A diagnosis is gener-
ally based on a clinical presentation. Laboratory tests and
radiological imaging have a significant place in infection
severity prediction and treatment outcome [16, 17, 18].
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This is why scoring systems have been developed as pre-
dictors of the severity of infection. LRINEC is a scoring
system designed to differentiate NF from other soft tissue
infections [13]. The LRINEC score for the first patient was
11 and 10 for the second patient, which put them in the
high-risk group.

Urgent and radical surgical treatment, with removal of
necrotic and devitalized tissue, is mandatory and a major
factor for good outcome in patients with NE The mortal-
ity rate can be nine times greater when primary surgery
is performed 24 hours after the onset of symptoms [13].
Several studies stated that all patients underwent 1-10
radical surgical debridement, with an average of 2.5 [1].
HBOT is a useful procedure for some infections, but it has
not been proved that it is essential part of the treatment [1].

Both our patients were with a high LRINEC score, prob-
ably due to late arrival for a surgical examination. Radical
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surgical intervention was done 24 hours after admission in
the first case and four hours after admission in the second.
In both cases, surgical reinterventions were performed,
but in the first case colon surgery (according to Hartman)
was necessary due to rectal necrosis. HBOT was used in
the first patient, however not in the second because of
contraindications. In both cases intensive measures of
conservative treatment and intravenous administration of
antibiotics were applied. In both cases there was a complete
recovery of the patients.

NF continues to be a serious disease with a high mor-

tality rate and challenging diagnosis. Surgeons must be
aware of the importance of rapid diagnosis and treatment
to prevent mortality.
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HekpoTusupajyhu dpacumtuc — uHdpeKymja onacHa no KMBOT: NPUKa3n 6onecHUKa u

nperneg nutepartype
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CAMXETAK

YBopa Hekpotusumpajyhu dacumTuc je petka, TellKa 1 arpecuBHa
MHbeKLMja Koja ce 6p30 WKpy 1 MPeACTaB/ba XUPYPLLKO CTake
OMacHO MO >KMBOT, KapaKTepuLLe ce ONCeXXHOM HEKPO30M Ay-
60KIMX 1 MOBPLUMHCKUX dacLmja 1 MoBe3aHa je ca 3HauajHM
MOpOVAUTETOM 1 CMPTHOLWLRY.

Mpuka3u 6onecHuKa MNpefcTaB/bamMo [iBa Cllyyaja HEKPOTU3N-
pajyhux dacuutunca: 54-roguiurber 60necHrKa, rojasHor, ¢ Xu-
nepTeH3UjoM 1 HefleYeHOM NepriaHanHOM GYCTYNIOM, C TELUKOM
HbEKLUMjoM NepuaHanHe peruje, nepuHeyma 1 CKpoTyma, 1
64-roayiuby 60necHULY ca AnjabeTecom MENUTYCOM 1 Cpya-
Hom 6oneluhy, € TELWKOM NHOEKLMjOM AOHET eKCTPEMUTET],
npegrber TPOYLIHOT 3UAa, MHTBUHAMHE U FyTeanHe peruvje, Kog
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Koje cy ynasHo MecTo nHdeKLuje npeacTaBbane MAKposnesuje
Koxe nocne 6pujarba. Oba bonecHnKa neyeHa cy XMTHOM On-
CEXHOM XUPYPLIKOM HEKPEKTOMMjOM, Y3 epaAmnKaLmjy n3Bopa
nHdeKUKje, 1 y3 CBE Mepe KOH3epBaTUBHOT Jieyetba. Mpsu 60-
NECHVIK je neYeH 1 xunepbapuyHOM Tepanujom KNCeOHVKOM, a
APYru He, 360T cpyaHuX 1 nnyhHUX KOHTpavHAMKaLwja.
3aksbyyak borbu ncxopn neyerba 3axTeBa MyNTUANCLMNAVHAP-
HW NpYcTyn (KapAvonor, eHAOKPUHOOT, Hedposor, opTones,
xupypr). MoTpe6Ha je 6p3a 1 oncexxHa XMpypLUKa HEKPEKTO-
MWja Kako 6u ce noBehao ycnex neyerba 601ecHMKa C 0BOM
NHbeKUMjoMm.

KrbyuHe peun: HekpoTr3vpajyhm GpacumTic; XvpypLIKI febpua-
MaH; TelwKka nHdeKumja
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SUMMARY

Introduction Pregnancy- and lactation- associated osteoporosis (PLO) is a rare disease for which the
pathophysiological mechanism is as yet incompletely known. The incidence of PLO is 0.4 in 100,000
women. It is considered that the number of undiagnosed patients is even higher. PLO can lead to multiple
fragility compression fractures in the spinal vertebrae.

Case outline We present the case of a 30 years old woman (first-born, breastfeeding child) who came
for examination due to lower back pain that occured after childbirth without any apparent cause. The
patient was found to have low levels of vitamin D and low bone mineral density on osteodensitometry
(established osteoporosis). Magnetic resonance imaging (MRI) examination showed vertebral bodies
fractures Th11,Th12 and L4. During therapy, we used vitamin D (800 IU/24 h), alendronate (70 mg once
weekly), calcium 1000 mg/24h and thoracic lumbar sacral orthosis (TLSO) as support to spine. After 12
months of treatment osteodensitometry findings were close to normal, control MRI showed no further
collapse of vertebral bodies and clinical examination of spine was orderly.

Conclusion PLO is a rare clinical condition and it must be kept in mind in the differential diagnosis in
patients having low back pain during or after pregnancy. Early diagnosis and treatment of PLO and
regular follow-up of these cases are particularly important. The the stability of the spine in patients with

vertebral fractures must be carefully monitored as well as using the TLSO as a support for the spine.
Keywords: osteoporosis; pregnancy; lactation; vertebral fractures

INTRODUCTION

Osteoporosis is the most common bone dis-
ease in humans. It is characterized by low
bone mass, deterioration of bone tissue and
disruption of bone architecture, compromised
bone strength and an increase in the risk of
fracture. Pregnancy- and lactation-associated
osteoporosis (PLO) is a rare disease for which
the pathophysiological mechanism is as yet in-
completely known [1]. The incidence of PLO
is 0.4 in 100,000 women. Approximately 100
cases of pregnancy and lactation-associated os-
teoporosis were described between 1955. and
2009 [2]. It is considered that the number of
undiagnosed patients is even higher. PLO led
to multiple fragility compression fractures in
the spinal vertebrae [3]. Analysis of diagnosis
and treatment of this case can help clinicians
to pay attention to the disease and the evalua-
tion of osteoporosis. The clinical signs usually
become to manifest in the postpartum period
when patients come for examination with more
pronounced back pain.

CASE REPORT

A 30-year-old patient (breastfeeding a firstborn
child) came in for examination due to lower
back pain that occurred after childbirth without
any apparent cause. She breastfed for a month
and menstruation has returned to normal. She
went to a local clinic for treatment, but the pain
did not lessen. Her medical history was not re-
markable for chronic disease, drug use, smok-
ing or alcohol use. The examination was done
one month after the delivery. Examination
revealed pain in the lower back and weaker
movements in the spine. The performed
laboratory findings were shown in Table 1.
Ultrasound examination of the abdomen was
within physiological limits. The gynecological
examination was orderly. Neurological exami-
nation showed no signs of neurological diseas-
es. Urological examination showed no signs of
urological diseases or problems. The patient
was referred for magnetic resonance imaging
(MRI) of the spine, which showed compressive
fractures of vertebral bodies Th11, Th12 and
L4, Figure 1.

Considering the reduced values of vitamin
D and the findings of MRI she was referred for
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Table 1. Laboratory findings at the first examination

Blood work Value Units Reference values
WBC 3.7 10%/1 3.9-10

RBC 4.67 10"/l 3.9-5.9
Hgb 130 g/l 110-180

Pt 190 10%/1 140-450
CRP 2 mg/I <5

Urea 44 mmol/I 1.6-7.5
Creatinine 57 umol/I 53-124

Ca (total) 2.36 mmol/I 2.02-2.60
Inorganic P 3.68 mmol/I| 0.81-1.62
Vitamin D 40.3 nmol/I 75-250

T3 1.43 ng/ml 0.79-1.58

T4 9.18 pg/di 49-11

TSH 0.791 1U/ml 0.27-4.2 (adults)
PTH 66.3 pg/ml 15-66

WBC - white blood cells; RBC - red blood cells; Hgb — hemoglobin; Plt -
platelets; CRP - C-reactive protein; T3 - triiodothyronine; T4 - thyroxine; TSH
- thyroid-stimulating hormone; PTH - parathyroid hormone

Table 2. Osteodensitometry test findings during the treatment

Osteodensitometry Fi‘rst ) After five | After 12
examination | months months

L1 (BMD g/cm?) 0.87 0.787 0.987

L2 (BMD g/cm?) 0.83 0.714 1.143

L3 (BMD g/cm?) 0.75 0.783 1

L4 (BMD g/cm?) 0.62 0.754 0.934

Total (lumbar) (BMD g/cm?) 0.744 0.766 1.014

T score (lumbar) -2.8 24 0.4

Z score (lumbar) -2.8 -24 -1.9

Neck (BMD g/cm?) 0.571 0.61 0.98

Total neck (BMD g/cm?) 0.642 0.668 0.98

T score (femur) -2.2 -2.2 1

Z score (femur) -2.2 -2.2 1

BMD - bone mineral density

Table 3. Values of vitamin D in blood during the treatment

. First Qf;csé /?if\ir After 10 | After 12
Vitamin D | oy amination months | months
(nmol/l) months | months

40.3 54 72 >75 >75

Bozovi¢ A. et al.

2lre)ll

Figure 1. Magnetic resonance imaging of thoracolumbar spine; com-
pressive fractures of the vertebral bodies Th11,Th12, and L4

osteodensitometry test, which confirmed the diagnosis of
osteoporosis, Table 2.

Bisphosphonates (alendronate 70 mg once weekly),
vitamin D (800 IU/day), calcium (1200 mg/day), anal-
gesics and thoracic lumbar sacral orthosis (TLSO) were
prescribed in the therapy and advice was given to stop lac-
tation. The level of vitamin D in the blood was monitored.

After five months, the osteodensitometry test values,
although better, still did not satisfy nor did the analysis of
vitamin D levels (72 nmol/l), Table 3.

Bisphosphonates and vitamin D were continued in the
therapy. The pain in the spinal column stopped, and the

Figure 2. Control magnetic resonance imaging of the thoracolumbar spine after 10 months

DOI: https://doi.org/10.2298/SARH210329038B
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Pregnancy- and lactation-associated osteoporosis with vertebral fractures

movements of the spinal column were normal. Wearing
TLSO continued for four hours a day.

Ten and 12 months after the first examination, the con-
trol values of vitamin D were normal, and 12 months after
first examination the osteodensitometry values were close
to normal. The patient had orderly clinical findings. 12
months after initial treatment laboratory findings of bone
metabolism are normal and we stopped bisphosphonates
and advised the patient to check blood levels of vitamin D
every three months. Control MRI after 12 months did not
show further vertebral collapse, Figure 2.

Written consent for publication of this article has been
obtained by patient.

DISCUSSION

PLO is a condition that is often overlooked, although it was
described as early as 1955 [4]. The causes of PLO are still
unclear. There are risk factors for PLO development such
as smoking, malnutrition, lower calcium and Vitamin D
intake, poor mobility, weight gain during the last trimester
and oligomenorrhea [5]. Cohen et al. [6] considered that
women with PLO may have a low bone remodeling state
assessed more than a year postpartum, which increases
understanding of the pathogenic mechanism of PLO and
also may have underlying osteoblast functional deficits
which could affect their therapeutic response to osteoana-
bolic medications. In our case, there were no risk factors.

Careful analysis of the examination of patients with
suspected PLO is required. A comprehensive analysis of
other conditions that would lead to osteoporosis is also
needed. A detailed evaluation of bone metabolism is ex-
tremely important [7]. Our patient was a young woman
with normal period who suffered with unexplained pain,
has brittle fractures and decreased bone mineral density
(BMD). In this case, we first took into consideration the
metabolic bone diseases, which had to be carefully identi-
fied with osteoporosis and other metabolic bone diseases.
In our case we performed complete laboratory findings of
bone metabolism, which only showed a reduced level of
vitamin D, so we raised the level of vitamin D to normal
levels, along with calcium intake.
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Bisphosphonates can be used regularly in PLO ther-
apy, and there was increase in BMD after bisphospho-
nate use in patients with PLO [8, 9, 10]. For increasing
BMD can be used teriparatide [11] and also alfacalcidol
can be used for PLO joined with vertebral fractures [12].
Osteodensitometry examination of our patient showed a
strong decrease in BMD and Z-score, so we decided to use
bisphosphonates in therapy. We used bisphosphonates in
therapy for 12 months.

Strong loss of bone mass in the vertebral bodies can cause
collapse and compressive fractures with strong back pain [13].
Vertebral fractures occur most commonly in PLO and are of-
ten multiple [14]. If a vertebral collapse is found, TLSO should
be used. Sometimes the stability of the spine is disturbed, so
surgical treatment with kyphoplasty is necessary [15]. The
stability of the spinal column should be constantly monitored
by control MRI. In our case, there was an affection of the ver-
tebral bodies of the Th11, Th12, and L4. With rapid diagnosis
and timely therapy for further progression of osteoporosis, we
used TLSO for treatment and prevented further vertebral col-
lapse. Our last MRI examination at the end of treatment did
not show further collapse of the vertebral bodies. The patients
clinical condition was normal after 11 months.

Breastfeeding produces an obligatory loss of maternal
skeletal mineral which contributes to the decline of bone
density [16]. All women with developed PLO are advised
to stop breastfeeding.

PLO is a rare clinical condition and it must be consid-
ered in the differential diagnosis in patients coming with
low back pain during or after pregnancy. Although not
specified as a diagnostic criterion, the exclusion of other
reasons for osteoporosis and progressive clinical course
are necessary and helpful in the diagnostic process. At the
same time, the monitoring and evaluation of the efficacy
of PLO intervention is also very important. The fractures
of vertebral bodies related to PLO may be an important
cause of disability in the long term. Early diagnosis and
treatment of PLO and regular follow-up of these cases are
particularly important. The stability of the spine in patients
with vertebral fractures must be carefully monitored and
the TLSO must be used to support the spine.
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Octeonopo3a TOKOM TpyaHOhe U NaKTauuje ca NPeNoMMMa KUUMEHUX NPLL/bEHOBA
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CAMETAK

YBop Octeonoposa 13a3BaHa TPyAHONOM 1 iojerbeM je peTka
6011ecT 3a Kojy je NaTopr3NONOLLKM MexaHr3aM joLl yBeK He-
nosHart. tbeHa nHumngeHua je 0,4 Ha 100.000 »eHa. CmaTpa ce
Ja je 6poj HemjarHOCTUKOBaHUX 6onecHuLa jow Behu. Moxe
13a3BaTy KOMMpPeCMBHE NPerioMe NpLUbeHOBA.

Mpuka3 6onecHuKa MNpeacraBmbamo cnyyaj 30-roaniltbakntbe
(NpBOPOTKa, [ojirba) Koja je poLna Ha nperneq 36or 6ososa y
Jorbem aeny neha, Koju ce jaBrbajy nocsie nopohaja 6e3 nkaksor
ouurnepHor pasnora. YTBpheHo je fa 6onecHMLa MMa HXM
HIBO BUTaMUHA D 1 HACKY rYCTUHY KOCTUjY Ha OCTEOAEH3U-
TOoMeTpujckom npernepy (yTBpheHa octeonopo3sa). Mpernea
MarHeTHOM Pe30HaHLIOM MOKa3ao je npesiome Tefa NpLbeHoBa
Th11,Th12 n L4.Y Tepanuju cmo Kopuctunu BuutamuH D (800 uj /
24 4.), aneHapoHar (70 Mr jegHOM HefierbHO), Kanumjym 1000 mr
/ 24 4. n cnMHanHy opTo3y Kao notnopy Knymu. Mocne 12 me-

DOI: https://doi.org/10.2298/SARH210329038B

CeL Nieyerba 0CTEOIEH3NTOMETPUCKI Hanasm cy 6unu 6nusy
HOpMare, @ KOHTPOJHU Nperes MarHETHOM Pe30HaHLIOM Huje
MoKa3ao Aasbyu Konanc Tena nplbeHosa. KnuHnyKkn nperner,
Knume je 61o ypepaH.

3akmpyyak OcTeonoposa n3assaHa TpyAHONOM 1 fojerbem
je peTKo KNMHMYKO CTatbe 1 Mopa ce MaTh Ha ymy y ande-
peHumjanHoj AnjarHo3u Kog 6onecHnua Koje nmajy 6onose y
nehuma Tokom unm nocne TpygHohe. PaHo AujarHoCcTKoBatbE,
neyerse N pefoBHO Npaherbe cyyajeBa OCTEONOPO3e M3a3BaHe
TpyAHONOM 1 Aojerem MOCEGHO cy BaxHW. CTabUAHOCT Knume-
Hor cTy6a Kof bonecHuULa ca NpenomymMa npLbeHoBa Mopa
Ce NaX/bVBO NPOLEHUTN U HaArNeAaTHi, U Mopa ce KOPUCTUTH
CMVHaNHa OpTO3a Kao MoTnopa Knumm.

KrbyuHe peun: octeornoposa; TpyaHoha; naktauuja; npenomm
npLUbeHoBa
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CASE REPORT / MPUKA3 BOJNIECHUKA

Infantile hemiconvulsion—hemiplegia epilepsy
syndrome associated with GRIN2A gene mutation

RuZica Kravljanac'?, Slobodan Gazikalovi¢', Biljana Vuceti¢-Tadi¢'?

'Dr. Vukan Cupic Institute for Mother and Child Health Care of Serbia, Belgrade, Serbia;
2University of Belgrade, Faculty of Medicine, Belgrade, Serbia

SUMMARY

Introduction Infantile hemiconvulsion—-hemiplegia and epilepsy (IHHE) syndrome is defined as a spe-
cific syndrome in patients < 2 years of age, presenting as a new onset refractory status epilepticus with
unilateral motor seizures and acute imaging abnormalities, fever, hemiparesis > 24 hours, and excluding
infectious encephalitis.

Case outline We present the results of a follow-up in a 11-year-old girl with IHHE, associated with GRIN2A
mutation. The girl had normal development until the first febrile hemiconvulsive status epilepticus at the
age of seven months. Neuroimaging initially showed right hemisphere edema, followed by progressive
right side hemiatrophy. The patient has resistant epilepsy, left side hemiparesis, and good language and
cognitive development.

Conclusion Despite IHHE described many years ago, some syndrome’s features, including etiology,
have remained unexplained. The association between IHHE and GRIN2A mutation stated in the current

manuscript is described in scientific literature for the first time.
Keywords: infantile hemiconvulsion; hemiplegia epilepsy; GRIN2A; status epilepticus

INTRODUCTION

Infantile hemiconvulsion-hemiplegia and epi-
lepsy (IHHE) syndrome is defined as a specific
syndrome in a patient younger than two years
of age, presenting as a new onset refractory sta-
tus epilepticus (NORSE). IHHE characteristics
are: unilateral motor seizures, high grade fever
at the time of onset of refractory status epilep-
ticus (SE), and unilaterally abnormal acute im-
aging, followed by hemiparesis lasting at least
24 hours, and excluding infectious encephalitis
[1]. In a variable period, from a few months
to years later, intractable epilepsy emerges in
two-thirds to three-fourths of children with
IHHE. The mechanisms underlying the IHHE
syndrome remain unclear. A neuronal injury
induced by venous thrombosis and/or hy-
poxia, and previous abnormalities of the brain
were suggested as an underlying mechanism
[2]. Gene mutations associated with IHHE
syndrome have been described in the litera-
ture, such as CACNAIA, SCNIA, HNRNPU,
ATPIA3 genes [3, 4, 5]. Initial acute cytotoxic
edema of the affected hemisphere at the time
of SE is followed by chronic atrophic changes
of the same hemisphere [6]. Clinical presenta-
tion is characterized by prolonged hemiconvul-
sions followed by hemiplegia and medication-
resistant epilepsy [6-9]. The motor deficit has
a variable course, from definitive hemiplegia to
complete resolution [6]. The long-term cogni-
tive outcome following IHHE syndrome has
been poorly studied [9].

CASE REPORT

We present an 11-year-old girl with resistant
focal epilepsy and left side hemiparesis. The
girl was the second child from an uneventful
pregnancy and perinatal history. She had nor-
mal global development until the first epileptic
attack at the age of seven months. The child was
febrile (39°C) for three days before the first sei-
zure and had facial exanthema. NORSE started
with the head and eyes deviation toward the left
side, clonic jerks of the left limbs and impaired
consciousness lasting for hours, and repeating
in clusters within three days. All hematological,
coagulation factors, biochemical and metabolic
blood analyses were normal. Cytological, bio-
chemical and microbiological analyses of the
cerebrospinal fluid were normal. Fundoscopy
was normal. Electroencephalographic (EEG)
record showed continuous slow epileptic dis-
charges above the right hemisphere (Figure 1).
Urgent brain computed tomography showed
edema of the right hemisphere (Figure 2). The
girl was treated according to the protocol for
SE: benzodiazepine as the first line (intra-
venously midazolam in a dosage of 0.2 mg/
kg), Phenobarbital as a second line (20 mg/
kg), and since it was ineffective, midazolam
was given in continuous intravenous infusion
(0.2 mg/kg/h). Anti-edematous therapy was
given (mannitol, dexamethasone). From the
fourth day of hospitalization, the infant was
seizure-free. Phenobarbital was continued
in the maintaining dosage of 5 mg/kg. After
two months, focal seizures started in afebrile,
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Figure 1. Interictal electroencephalogram during the first day of
seizure onset, showing high-amplitude, slow, 2 Hz spikes and waves,
above the right centro-parietal region with spreading to the entire
right region

1

Figure 2. Brain computed tomography scan during hemiconvulsive
status epilepticus, showing right cerebral edema

awake state: the infant interrupted activities, had staring,
cyanosis, deviation of the head lasting up to two minutes.
Left side hemiparesis persisted from NORSE. At the age
of 10 months, the child was referred to our clinic. EEG
showed asymmetric background activity, slower above the
right hemisphere with almost continuous discharges above
parietotemporal right region. Brain magnetic resonance
imaging (MRI) showed right cerebral white mater hypot-
rophy. Diagnosis of IHHE was based on the data of febrile
refractory hemiconvulsive SE at the early age followed by
recurrent focal-onset seizures, persistent hemiparesis, and
MR evidence of brain hemiatrophy. Antiepileptic therapy
was corrected, phenobarbital was withdrawn, and carbam-
azepine was introduced leading to seizure control for one
year (25 mg/kg). At the age of 18 months, hemiconvulsive
seizures reappeared, and clobazam (1.2 mg/kg) was added.
At the age of 28 months, brain MRI showed progressive
right side hemiatrophy (Figure 3). Despite this progression

‘ DOI: https://doi.org/10.2298/SARH201125049K
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Figure 3. Brain magnetic resonance scan at the age of 28 months,
showing progressive right hemisphere atrophy

in brain atrophy, the girl had improvement in global de-
velopment. Psychological testing showed mild language
delay, and developmental quotient of 80-90. Levetiracetam
was introduced due to the worsening of seizure control.
The girl was continuing to have sporadic focal seizures in
frequency up to five seizures per month. At the age of six,
the girl started to complain of feeling of fast heart beating,
chest pain, and tremor of the hands. If it happened during
sleep, the girl awoke and complained of fast heart beating.
These episodes were short, repeating up to 10 per day and
night. Cardiologist found normal clinical and heart ultra-
sound findings, while second degree A-V block was regis-
tered on 24-hour ECG Holter. Since carbamazepine might
contribute to ECG changes, the dosage was reduced and
substituted by oxcarbazepine. Two repeated 24-hour ECG
Holter recordings over a period of two months showed
normal heart rhythm. Since the symptoms were continuing
at the age of eight, long-term video EEG was performed.
No clinical seizures were observed during the recording,
while EEG showed clear asymmetric background ac-
tivity, slower above the right hemisphere with frequent
epileptic discharges. Sulthiame was added, but since the
girl became drowsy, the drug was excluded. At the age of
nine, topiramate was introduced with good effect to both
seizure control and episodes of paroxysmal tachycardia.
With current medications (levetiracetam 40 mg/kg/day,
clobazam 0.9 mg/kg/day, topiramate 5 mg/kg/day) seizure
control was achieved. At the end of the follow-up period,
the speech and intelligence are normal, as well as physical
findings, and only discrete spastic left side hemiparesis was
observed. She goes to a regular school and she is successful
in obtaining academic education.
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IHHE associated with GRIN2A mutation

Whole gene sequencing showed that the patient has
an extremely rare heterozygous nonsense likely patho-
genic variant in the mutation of the GRIN2A gene (NM
001134407:¢.2776C>T).

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 amendments or comparable ethical standards.

Written consent to publish all shown material was ob-
tained from the patient’s caregiver.

DISCUSSION

IHHE was described more than half a century ago, but still
many features of the syndrome have remained unexplained
[6]. There is a diagnostic challenge since clinical presen-
tation of IHHE has similarities with other neurological
disorders, such as Rasmussen’s encephalitis, cerebrovas-
cular insult, and mitochondrial disorders, which have to be
considered in differential diagnosis. Infective, genetic, and
structural underlying causes are proposed in IHHE etiology
[10]. There are case reports of acute infantile hemiplegia
associated with exanthema subitum caused by Human be-
taherpesvirus 7 (HHV-7) [11]. In our case, at the time of
NORSE, exanthema was observed for two days, but PCR for
HHV-6 and HHV-7 was not done in the regional hospital.
Various gene mutations are associated with IHHE, and this
is the first case with IHHE associated with the mutation of
the GRINIA gene [3, 4, 5, 12]. GRIN1A mutation is asso-
ciated with different epileptic disorders, such as Rolandic
epilepsy, Landau-Kleffner syndrome, and continuous spike
waves during slow-wave sleep [13, 14]. A great number
of variants in the GRIN genes that encode N-methyl-D-
aspartate (NMDA) glutamatergic receptor subunits have
been found in patients with neuropsychiatric disorders,
including epilepsy. There is evidence that NMDA receptor
activation might play an important role in epilepsy, and
NMDA receptor antagonists have been considered in treat-
ing epilepsy, including SE (MgSO,, felbamate, ketamine).
The results of preclinical studies showed that excessive
activation of NMDA receptors has been implicated in
the pathogenesis of neuronal injury in acute neurologic
disorders, and that magnesium reduced NMDA-mediated
brain injury [15, 16]. Magnesium normally does not readily
penetrate the fully developed blood-brain barrier (BBB),
but BBB permeability is greater in infants especially during
seizures; thus, systemically administered magnesium may
provide effective therapy in these conditions [15]. NMDA
receptors play an important role in the induction of pro-
grammed cell death during SE [17, 18]. If further genetic
investigation shows more frequent association of IHHE
with mutation of the genes responsible for NMDA recep-
tors, the strategy for the treatment of hemiconvulsive SE in
IHHE syndrome should include NMDA antagonists, such
as MgSO, in high dosage or ketamine [19, 20].
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Auvin et al. [2] suggested that anti-edema therapy
should be discussed to prevent cell injury, since patho-
logical studies showed that cytotoxic edema in HHE is
responsible for neuronal damage playing a role in the de-
velopment of a later epilepsy. Very aggressive anti-edema
treatment by mannitol and corticosteroids, and antiseizure
therapy in the acute phase in our patient, did not prevent
turther damage and epilepsy.

In patients with IHHE, MRI of the brain reveals evi-
dence of abnormal diffusion within the white matter in
the acute phase, and hippocampal sclerosis and/or hemi-
atrophy later in life [2, 21]. In our case, three months after
initial brain edema, increased T2 hyperintensity, severe
gliosis and unilateral brain atrophy were evident by MRI
of the brain. Similar MRI unilateral changes have been
described in the literature, only one month after initial
hemiconvulsive febrile SE [21]. Recently, some unusual
IHHE presentations and etiology were published, such as
IHHE in adult cases, or association with cortical dysplasia
type III, or cobalamin C deficiency [22, 23, 24].

The long-term cognitive outcome following HHE syn-
drome has been poorly studied, although mental retar-
dation has been reported in cases with IHHE. A recent
study reported that mental retardation is not a uniform
feature of the IHHE syndrome and demonstrated that a
reorganization of language to the right cerebral hemisphere
or its bilateral representation is common in patients with
IHHE syndrome affecting the left cerebral hemisphere [9].
In our patient, the right cerebral hemisphere was affected,
and language delay was present initially, but during the
follow-up, the girl developed normal speech, and had nor-
mal intellectual and school performance. A study which
included 10 patients with IHHE showed that peri-insular
hemispherotomy provides excellent long-term seizure con-
trol in patients with drug-resistant hemispheric epilepsy
[25]. Recent reports pointed out the rule of inflammation
in epilepsy associated with GRIN2A mutation and good
response to intravenous immunoglobulin, and this therapy
might have been considered in our patient as well if other
treatment had failed [26].

In conclusion, we suggest further exploration of genet-
ics underlying all cases with IHHE. Our case with IHHE
and GRINIA mutation has favorable neurological and
cognitive development despite resistant epilepsy from an
early age. Since the disorder is very rare, multicenter in-
vestigation is recommended, with particular attention to
genetics underlying IHHE. It seems that genetic factors
contribute to IHHE pathogenesis in addition to all other
proposed factors, such as excessive neuronal excitation,
hyperthermia, inflammation, and BBB damage [27, 28].
Further investigations are necessary in order to find the
answers to present questions about pathogenesis, treat-
ment, and prognosis of IHHE.
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CUHAPOM MHPAHTUIHE XEMUKOHBYN3Mje—XeMUNAEruje U enunencuje yapyHeH ca

MyTauujom reHa GRIN2A

Pyxuua KpasmaHau'? CnobopaH lasmkanosuh', bumbaHa Byyetnh-Taguh'?
TMHCTUTYT 33 3ppaBCTBEHY 3awWTUTY MajKe 1 aeTeTa Cpbuje, [p BykaH Yynuh'’, beorpag, Cp6uja;

2YHusepautet y beorpapy, MeguunHcku akyntert, beorpag, Cpbuja

CAXETAK

YBoa CHAPOM MHQAHTUIHE XeMUKOHBYJI3Vje-XeMumniermje
n enunencuje (MXXE) cneumduuaH je eHTnTeT KOA bonecHrKa
mnahux on aBe roguHe. MNpeacTasba HOBOHACTan pedpaxTap-
Hu status epilepticus Kora KapaKTepuLLy: yHUNATePaaHU MOTO-
PVYKM HaMagm 1 akyTHe HeypopaavoNoLLKe NPOMEHE Ha MO3TY,
debpunHocT, xemrnapesa y Tpajarby Behiem of 24 cata, y ofi-
CyCTBY MHPEKTUBHOT eHLiedannTmca.

Mpuka3s 6onecHuKa lMprkasyjemo pesyntate npahera je-
[aHaecTorogutbe aesojunue ca XXE yapyxeHum ca myTa-
umjom reHa GRIN2A. [leBojunua je nmasna HopmanaH pa3Boj o
npsor ¢pebpuTHOr XeMUKOHBYNI3UBHOT eMUIENTUYKOTr CTaTyca

‘ DOI: https://doi.org/10.2298/SARH201125049K

y ceiMOM meceLly x1BoTa. HeypopaanonoLwKu Hanas je nHu-
LMjanHo NoKasao efem AecHe xemmcdepe Mo3ra, a KacHuje
NporpecrBHy AecHOCTpaHy xemmatpodujy mo3ra. bonecHuua
je nmana pe3ncTeHTHy enunencujy, 1eBocTpaHy Xxemmnapesy 1
3af0BO/baBajyhn KOrHUTVBHY Pa3Boj 1 FOBOP.

3akbyuak Mako je XXE paBHO onncaH, 6pojHe KapakTepucTii-
Ke CHAPOMa, YKIbyuyjyhu eTrionorujy, jowl cy yBek Heobjalle-
He. YapyxeHocT UXXE n myTaumje reHa GRIN2A capa je npsu nyT
oruncaHa y CTpy4Hoj nutepatypu.

KrbyuHe peun: nHGaHTUIIHE XEMUKOHBYN3UjE; XeMUMNIIErunja;
envnencuja; GRIN2A; status epilepticus
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Quadratus lumborum block in pediatric patients

— a case series
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'Leskovac General Hospital, Department of Anesthesiology and Reanimatology, Leskovac, Serbia;
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3SUNY Downstate Medical Center, Obstetric Anesthesiology, Brooklyn, NY, USA

SUMMARY

Introduction The quadratus lumborum block (QLB) was the first interfascial plane block introduced to
the Leskovac General Hospital thanks to the Kybele Inc. international teaching program in April 2017.
Outlines of cases During the period from April 2017 to December 2019, 22 pediatric patients underwent
various surgical procedures and had the QLB type 1 block as a part of a multimodal perioperative pain
management plan. Unilateral QLB was provided for unilateral inguinal hernia repair, orchidopexy, testicular
torsion repair, and open appendectomy. Bilateral QLB was provided for laparoscopic appendectomy and
cholecystectomy. Decreased use of fentanyl and sevoflurane was noticed in the cases when QLB was
performed preoperatively. All the patients had well controlled pain.

Conclusion QLB is a simple and safe technique. Clear sonographic landmarks allow it to be easily per-
formed. QLB has great potential to improve and facilitate postoperative pain management.

Keywords: QLB; interfascial plane block; pediatrics

INTRODUCTION

Ultrasound-guided regional anesthesia tech-
niques have decreased the number of failed
blocks and increased patient safety [1].
According to published articles and multimodal
pain management protocols, interfascial plane
blocks have an important place in perioperative
pain management. Quadratus lumborum block
(QLB) was the first interfascial plane block
that was introduced to the Leskovac General
Hospital in April 2017 [2]. It became a part of
a multimodal pain management plan following
abdominal, obstetric, gynecologic, and urologic
surgery in adults and pediatric patients [3, 4].

REPORTS OF CASES

During the period from April 2017 to December
2019, 253 pediatric patients underwent surgical
procedures at the Leskovac General Hospital.
Twenty-two of these patients had QLB as a part
of a multimodal pain management plan: three
following open inguinal hernia repair, two fol-
lowing testicular torsion repair, one following
orchidopexy, two after open appendectomy;,
12 after laparoscopic appendectomy, and two
following laparoscopic cholecystectomy. The
patients were 5-17 years old, in good health,
without any previous medical history or prior
surgery (Table 1).

All surgeries were done under general an-
esthesia. Anesthesia induction was done using
either 2-3 mg/kg of propofol or 4-5 mg/kg
of thiopental. A dose at 1-2 pg/kg of fentanyl

was given at induction, and repeated if needed.
Sevoflurane in a 50% air and 50% oxygen mix-
ture with an end-tidal of 1-2 vol% was used
as the maintenance agent. Acetaminophen at
a dose of 10-15 mg/kg was used intravenously
15-20 minutes before the end of surgery. QLB
was done either after induction of anesthesia,
before incision (four patients) or after surgery,
before emergence from general anesthesia (18
patients). Unilateral block was provided for
unilateral inguinal hernia repair, orchidopexy,
testicular torsion repair, and open appendec-
tomy. Patient undergoing laparoscopic surger-
ies had bilateral QLB. We used levobupivacaine
0.25% or bupivacaine 0.25% at dose of 2 mg/
kg (max. 30 ml) (Table 2). We used 22-gauge
50 mm needles for the peripheral nerve block,
and the linear ultrasound probe as guidance.
Decreased use of fentanyl and sevoflurane was
noticed in the cases where QLB was performed
preoperatively.

All the patients had well controlled pain.
Younger patients (inguinal hernia repair, or-
chidopexy, and testicular torsion repair) had
no pain medications postoperatively. After
the emergence from anesthesia, these patients
spent their time sleeping and playing with toys.
Their parents were very satisfied with the anal-
gesia that was provided. The rest of the patients
(13-17 years old) had acetaminophen per re-
quest, every six hours (Table 1). Eighteen of 22
patients left the hospital on postoperative day
1. Only patients that underwent open appen-
dectomy and testicular torsion repair stayed in
hospital past postoperative day 1. There were
no complications regarding block performance.
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Table 1. Demographic, clinical, and acetaminophen consumption data

Pejci¢ N. et al.

Pain treatment 24 hours
Number of Acetaminophen before QLB 1 postoperatively acetaminophen
Type of surgery patients Age* | ASA | the end of surgery (mg/ | PreOP/ (10-15 mg/kg)
(male + female) kg) PostOP Number of patients / number
of doses
Open inguinal hernia repair 142 8325 | 10 1U/Ii (4]
. . . UL
Testicular torsion repair 2 11.5+15 | 10 ”n (4]
. UL
Orchidopexy 1 10 | 10 1/0 (4]
UL
Open appendectomy 2+0 16+1 | 15 7”1 2/4
L ) BL 6/0
aparoscopic
appendectomy 10+2 156 +1.38 | 10 0/6 4/2
2/4
Laparoscopic BL 172
cholecystectomy 2+0 1641 ! 10 0/2 1/4

QLB1 - quadratus lumborum type 1; PreOP - preoperatively; PostOP — postoperatively; UL - unilateral block; BL - bilateral block; ASA - status according to the

American Society of Anesthesiologists;
*mean + standard deviation

Table 2. Local anesthetic dose recommendation.

. Single shot Continuous infusion Maximal

Literature . ;
LA and concentration Dose LA and concentration Rate dose
Visoiu and Yakovleva [5] ropivacaine 0.5% 10 ml ropivacaine 0.2% 0.453”rjr:/gh/l?gr/h
Chakraborty et al. [6] levobupivacaine 0.375% 5ml levobupivacaine 0.1% 5ml/h
Baidya DK. et al. [7] ropivacaine 0.2% 0.5 ml/kg [9) 4]
Oksiiz et al. [8] bupivacaine 0.2% 0.5 ml/kg 9] 9]
Aksu et al. [9, 25] bupivacaine 0.25% 0.5 ml/kg (4] (%] 20 ml
ipek et al. [10] bupivacaine 0.25% 0.5 ml/kg (%] @ 20 ml
Ahiskalioglu et al. [14] bupivacaine 0.25% 0.5 ml/kg (4] (4]
Yayik et al. [15] bupivacaine 0.5% and lidocaine 2% | 3 ml+ 3 ml* @ @
i i 0,

Hospia Protocol evobupvacaine 0250 | 008" mllkg o o orSom

LA - local anesthetic;
*unilateral block; dose for a three-year-old patient;
#0.4 ml/kg - bilateral block; 0.6-0.8 ml/kg - unilateral block;

2 mg/kg is the maximal dose of bupivacaine and levobupivacaine according to EI-Boghdadly et al. [1]

This report, done according to the Declaration of
Helsinki, was approved by the Ethical Committee of the
Leskovac General Hospital (approval no. 2023/2).

DISCUSSION

QLB is the ultrasound-guided local anesthetic injection in
the quadratus lumborum plane (Figure 1). It was described
as a variant of the transversus abdominis plane (TAP) block
by Dr. Rafael Blanco in 2007 [3]. Dr. Michaela Visoiu was
the first to use it for pain management following colon
surgery in pediatric patient in 2013 [5]. QLB was used
as a part of a multimodal pain management technique in
pediatric patients that underwent nephrectomy [6], pyelo-
plasty [7], orchidopexy and inguinal hernia repair [8-12],
hip and femur surgery [13, 14], extracorporeal shock wave
lithotripsy [15],and surgery for vesicoureteral reflux [16].

QLB can be learned relatively easily. It is a simple tech-
nique to perform due to clear sonographic markers [3]
(Figure 1).

‘ DOI: https://doi.org/10.2298/SARH200303034P

According to the results of many randomized controlled
trials, QLB significantly decreases perioperative opioid
use in adults and children, and subsequently opioid side
effects such as nausea and vomiting [11, 13, 14, 17, 18, 19].
QLB prolongs time to the first request for rescue analgesic
medication and speeds up ambulation and discharge from
hospital [10, 11, 13, 14, 19]. QLB has found its place in the
enhanced recovery after surgery (ERAS) protocols [20].

Regional analgesia techniques reduce opioid consump-
tion during general anesthesia perioperatively, and provide
better postoperative pain control compared to pain control
provided by either general anesthesia alone or general an-
esthesia plus local anesthetic wound infiltration [13, 14,
21]. Until a few years ago, caudal block, TAP block, and
ilioinguinal/iliohypogastric block were the most often used
analgesic techniques for low abdominal surgery (ingui-
nal hernia repair and orchidopexy) in pediatric patients.
Caudal block provides postoperative analgesia as good as
TAP block, and both of them provide better analgesia than
ilioinguinal/iliohypogastric block according to the prospec-
tive randomized single-blinded study by Sahin et al. [22].

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):489-493
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Figure 1. Quadratus lumborum block performance;

A: ultrasound probe position; B: ultrasound imaging; 1: external
oblique muscle; 2: internal oblique muscle; 3: transversus abdominis
muscle; 4: quadratus lumborum muscle; 5: needle direction

Kendall et al. [21] reached the same conclusion in their
systematic review of 40 randomized controlled trials in
2018. Therefore, recently published data suggest that QLB
provides significantly more effective and longer lasting an-
algesia than caudal block in pediatric patients undergoing
inguinal hernia repair, orchidopexy, and ureteral reimplan-
tation [10, 12, 16]. Also, patients with caudal blocks have
significantly longer hospital stay [10]. Comparative studies
show that QLB provides wider field of analgesia (T7-T12)
than TAP block (T10-T12) [17, 23], more potent analgesia
[8, 10, 24], and longer lasting analgesia (24-48 hours) than
TAP block (8-12 hours) [8, 17, 23, 24]. Erector spinae plain
block is a new interfascial plane block that provides similar
postoperative analgesia to the QLB in pediatric patients
undergoing lower abdominal surgery [25].

Complications with abdominal wall blocks are rare.
There are no published cases of serious complications
associated with QLB performance. Every regional block
has some local anesthetic systemic toxicity (LAST) risk.
Children are very sensitive to LAST, especially infants.
Infants younger than six months are at a significantly
greater risk of severe LAST than older children [26].
Caudal epidural block has the greatest risk of LAST [1].
Fluoroscopy guidance can decrease the risk from LAST,
but is not used often because of radiation exposure and
spatial requirements [27].

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):489-493

With regard to QLB, having the needle top on the screen
during placement and local anesthetic injection under
ultrasound control increases the safety level of the block
technique. QLB has a significantly lower risk of LAST
than TAP block [23]. There is no published case of LAST
induced by QLB. However, we have to keep the risk in
mind, and take measures to prevent LAST. It is suggested
to calculate the maximal dose of the local anesthetic for
each patient based on lean body weight. It is advisable to
use local anesthetic as a fractionated injection in aliquots
of less than 5 ml, with pauses of 30-45 seconds between
injections, followed by gentle aspiration. It is suggested to
use epinephrine at a dose of 15 pg/ml as a marker of in-
travascular local anesthetic injection. It will increase heart
rate by > 10 beats per minute or systolic blood pressure
by > 15 mmHg [1]. Epinephrine also delays local anes-
thetic resorption by inducing local vasoconstriction, and
prolongs block duration. Patients should be monitored
at least 30 minutes after block performance. According
to the American Society of Regional Anesthesia and Pain
Medicine recommendations, 20% lipid emulsion should be
immediately available as a main treatment option in the
case of LAST. The treatment of LAST should start with in-
travenous bolus of 1.5 ml/kg over a period of 2-3 minutes,
followed by intravenous infusion of 0.25 ml/kg/minute up
to the maximal dose of 12 ml/kg of 20% lipid emulsion [1].

Visoiu and Pan [28] published two cases of intramuscu-
lar hematoma in two patients who had full heparinization
one hour after QLB performance. After several days the
hematoma regressed without consequences.

There is a published case of unexpected motor weakness
following QLB in an adult patient [29]. Local anesthetic
concentration could influence the incidence of motor
block development. Aksu and Giirkan [9] suggested QLB
for postoperative pain management following ambulatory
surgery. Their pediatric patients underwent inguinal her-
nia repair and had QLB for postoperative pain manage-
ment. The patients left hospital 4-5 hours after surgery and
had no QLB-associated complications. Careful ambulation
is still advisable.

QLB has low risk of infection. It is advisable to use a
clean technique for single shot and sterile technique if per-
formed for a catheter for continuous infusion [20]. Walker
et al. [26] stated that the risk of infection with regional
anesthesia/analgesia techniques is likely associated with a
longer duration of catheter use and a higher status accord-
ing to the American Society of Anesthesiologists.

QLB as a part of multimodal pain management and
ERAS protocol has been used in Leskovac General Hospital
for almost three years and has been performed in more
than 400 patients. We had no complications associated
with QLB performance.

Conflict of interest: None declared.
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Quadratus lumborum 610K Kog, neaujaTpujckux 6onecHUKa — npuKasu b6onecHuKa

Hapa Mejuuh’, Pagomup Mutuh', MiBana Hukonuh', Hun Cagana?, MiBaH Bennukosuh?

'OnwTa 6onHuLa NleckoBau, Cnyxba aHecTe3nonoruje ca peaHnmarosorujom, Jleckosa, Cpbuja;
2MeauuUMHCKM LeHTap Tufts, Cnyx6a aHecTe3nonoruje 1 nepuonepatnBHe MeauumHe, boctoH, Macauycetc, CAL;
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CAMETAK

YBopa Quadratus lumborum 6nok (QLB) npBu je nHTepdacumjan-
HY 6JTOK YBEIeH Y CBAKOLHEBHY KJIMHMYKY Npakcy y OnwToj
60nHuMLM JleckoBall. Fberoa nprmeHa noyena je 3axsasyjyhu
mehyHapoaHoM efyKaumoHoM nporpamy Kybele Inc. anpuna
2017. roguHe.

Mpukasn 6onecHnka Of anpuna 2017. go geuemb6pa 2019.
roAviHe Kop 22 nepujaTpujcka 6onecHuKa nogBpruyTa pas-
JINYNTUM XUPYPLLUKUM 3aXBaTUMa NpumMetbeH je QLB 'y cknomny
MyNTUMOZaJIHe nepuonepaTuBHe Tepanuje 6ona. JeaHocTpa-
HW 6/TOK MPUMEHLEH je Ko AeLie MOABPrHyTe jefHOCTPaHOj
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XEePHUONNacTULK, JeTOPKBaLMjU, KPUNTOPXM3MY 1 OTBOpe-
Hoj aneHgekTomnju. O6ocTpann QLB n3BefeH je Kop AeLe 3a
NanapockoncKy aneHAekToMujy n xoneymcrektomujy. Mama
ynotpeba deHTaHuna 1 ceBodpnypaHa nprmehena je kog gele
Koja cy QLB pobuna npeonepatmsHo. CBr 6onecHULM cy Mmanm
Bobpy KoHTposy 6ona.

3akrmpyuak QLB je jegHocTaBHa 1 6e36e[jHa TEXHUKA, a Jlako ce
13BOAWM 3axBasbyjyhn NpeunsHUM ynTpasByyHUM MapKepuma
Koju ce nako npeHTnduKyjy. QLB uma moryhHocT fa onakiwa u
YHanpegau noctonepaTuBHy Tepanujy 6ona Kog aee.
KmbyuHe peun: QLB; nHtepdacuujanHm 6n1okoBu; negujatpuja
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SUMMARY

Introduction Colorectal cancer is the third most common cancer and one of the leading causes of
cancer-related deaths in men and women worldwide. The contemporary multidisciplinary approach has
decreased rates of local recurrence and improved outcomes in metastatic colorectal cancer. We present a
case of a primarily metastatic rectal cancer patient who underwent multidisciplinary planned treatment
and showed complete response with now three years disease-free survival.

Case outline A 61-year-old female was diagnosed with a TAN2M1a rectal adenocarcinoma at the age
of 58. She underwent six cycles of systemic chemotherapy capecitabine-oxaliplatin plus bevacizumab
with partial response confirmed by diagnostic imaging procedures. According to multidisciplinary
board decision, preoperative radiotherapy treatment was administered with concomitant capecitabine-
based chemotherapy. A 50.4 Gy total dose was delivered with 1.8 Gy fraction dose. After concomitant
chemoradiotherapy treatment, two more cycles of systemic chemotherapy capecitabine-oxaliplatin
plus bevacizumab were administered. One month after completion of systemic chemotherapy, primary
rectal cancer was operated with a complete response on histopathologic specimens. Six weeks following
previous surgery, metastasectomy of lung deposits was performed; histopathology confirmed metastatic
adenocarcinoma of colorectal origin. Three more cycles of postoperative chemotherapy capecitabine-
oxaliplatin plus bevacizumab were administered.

Conclusion On regular follow-up, no evidence of disease was shown, with disease-free survival of three
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years. The treatment improved the patient’s quality of life.
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INTRODUCTION

Colorectal cancer (CRC) is the third most
common cancer and one of the leading causes
of cancer-related deaths in men and women
worldwide [1]. Approximately 30% of CRC
refers to rectal cancer (RC), which is associ-
ated with poorer clinical outcomes. Metastases
will occur in 20-50% of patients with RC [2, 3].
Contemporary multidisciplinary planned treat-
ment has decreased rates of local recurrence in
RC and improved outcomes in metastatic CRC
(mCRC) [4]. It is important to evaluate charac-
teristics of patients and of the disease, such as
the extent of primary and metastatic disease,
in order to select and deliver the appropriate
treatment. The goal is personalized medicine,
to individualize the treatment according to the
patient and the disease [5].

We report a case of a primarily metastatic
RC patient who underwent multidisciplinary
planned treatment and showed a complete
response with now three years disease-free
survival.

CASE REPORT

The patient was diagnosed with stage IVa RC
at the age of 58. She had been suffering from
symptoms of hemorrhoid disease for several
years. In December 2016, shortly after the on-
set of new symptoms indicative for CRC, such
as rectorrhagia, changes in bowel habits, fre-
quent tenesmus, the patient was diagnosed with
metastatic RC. The patient’s baseline Eastern
Cooperative Oncology Group performance sta-
tus (ECOG PS) was 1. Digital rectal examina-
tion revealed tumor mass related to RC. Serum
levels of tumor markers (carcinoembryonic an-
tigen, carbohydrate antigen 19-9) were within
normal ranges. Colonoscopy performed in
January 2017 showed a tumor mass in the rec-
tum with the distal end located 7 cm from the
anal verge. Histopathology (HP) examination
revealed an exulcerated invasive rectal adeno-
carcinoma, G1. Magnetic resonance imaging
(MRI) of the abdomen and the pelvis (Figure
1a) performed in January 2017 showed a 7-cm-
long tumor mass in the rectum located within 8
cm of the anal verge, which occupied entire co-
lon lumen in its caudal part, and predominantly
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Figure 1. Initial magnetic resonance imaging of the abdomen and the pelvis in the axial plane: (A) on post-contrast TTw sequence, a tumor
mass located in the rectum, penetrating all layers of the poster wall and infiltrating perirectal fat up to 30 mm, expanding to the mesorectal
fascia bilaterally (mrT3d stage, MF+); (B) and (C) on post-contrast T1FSw sequence, cysts and hemangiomas in the liver (no metastatic lesions)

Figure 2. Initial contrast-enhanced chest computed tomography in the axial, coronal, and
sagittal planes showing multiple nodular and excavated nodular lesions in both lungs: in the
apical segment of the upper right lobe 12 mm, in the apicoposterior segment of the upper
left lobe 11 mm, in the anterior segment of the upper left lobe 10 mm, in the superior seg-
ment of the upper right lobe 20 mm; bilaterally in basal segments one change on each side
of the lung was described, measuring 12 mm in the right lung and 20 mm in the left lung

Figure 3. 18F-FDG positron emission computed tomography scans in the axial and coro-
nal planes after systemic chemotherapy, demonstrating four nodular lung lesions with an
increased uptake of the radiopharmaceutical

approximately 10 mm from the sacral
bone. Lymph nodes in perirectal fat were
enlarged, measuring 8 mm in diameter.
The initial stage estimated according to
the MRI was T3d, N2, circumferential
resection margin +. In liver, two hem-
angiomas were shown in the third and
the sixth segment, as well as four cysts
in the second and the seventh segment
(Figure 1b-c).

Chest computed tomography (CT)
performed in January 2017 showed six
nodular lung lesions, measuring < 20
mm in the greatest diameter (Figure 2).

The pretreatment stage was deter-
mined as T4AN2M1a (IVa) according to
the American Joint Committee of can-
cer, seventh edition. According to the
protocol, the treatment started with six
cycles of systemic chemotherapy (CTx)
including capecitabine-oxaliplatin
(CAPOX) plus bevacizumab. Oxaliplatin
(100 mg/m?) and bevacizumab (400
mg) were administered as intravenous
infusion on day 1 every three weeks.
Capecitabine was given orally in an ap-
propriate dose divided into two split
doses for 14 days, followed by seven
days’ rest, repeated every three weeks.
In May 2017, after completion of six
cycles of systemic CTx, partial response
of primary RC and lung deposits was
confirmed in accordance with Response
Evaluation Criteria in Solid Tumors
guidelines. MRI of the abdomen and
the pelvis showed a post-therapy al-
tered tumor mass located within 8 cm
of the anal verge, involving entire cir-
cumference and penetrating all layers
of the colon, with its thickening up to
10 mm (previously it was 30 mm, then
14 mm). Chest CT was described as in
regression with an unchanged number
of lung lesions.

both lateral and posterior colon walls in its cranial part. According to a multidisciplinary board decision, pre-
The tumor penetrated all layers of the posterior and both  operative three-dimensional conformal radiotherapy (RT)
lateral colon walls and infiltrated perirectal fat up to 30 treatment (6-MV photon posterior direct field, 15-MV
mm, expanded to the mesorectal fascia bilaterally, reaching ~ photon opposed two lateral fields) was administered with
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Figure 4. Magnetic resonance image of the pelvis after chemoradio-
therapy of rectal cancer, in axial T2w sequence demonstrating com-
plete regression of the rectal tumor

concomitant CTx. A 50.4 Gy total dose with 1.8 Gy in
28 fractions was given five times a week. Concomitant
capecitabine-based CTx (825 mg/m?*) was administered
twice daily, five days a week during RT. Treatment-related
toxicity during chemoradiotherapy (CRT) included diar-
rheas and tenesmus. In July 2017, after CRT completion,
two more cycles of systemic CTx CAPOX plus bevacizum-
ab were administrated. Because of adverse events during
CTx, such as sensory neuropathy, hand-foot syndrome,
and neutropenia, doses of oxaliplatin and capecitabine
were reduced.

In August 2017, fluoro-2-deoxy-D-glucose positron
emission CT (F-FDG PET-CT) showed four lung le-
sions with an increased uptake of the radiopharmaceutical,
while uptake of the pharmaceutical in the rectum was not
detected (Figure 3). Complete regression of the primary
tumor was described. Chest and abdomen CT from August
2017 showed stable disease. Pelvis MRI was also performed
in August 2017 and revealed complete regression of the
rectal tumor (Figure 4).

One month after systemic CTx completion, our patient
underwent surgical treatment — low anterior resection of
the rectum with coloanal anastomosis was performed;
HP results showed no evidence of malignancy. Six weeks
following previous surgery, metastasectomy of the lung

Stojanovi¢-Rundic¢ S. et al.

deposits was performed; HP results confirmed meta-
static adenocarcinoma of colorectal origin. From January
to March 2018, three more cycles of postoperative CTx
CAPOX plus bevacizumab were administrated with a total
of 11 cycles of CTx. Treatment-related toxicity included ox-
aliplatin-induced allergic reaction, due to which premedi-
cation was prescribed. In March 2018, chest-abdomen-
pelvis CT showed no signs of local recurrence (Figure 5).

Chest-abdomen-pelvis CT scans performed in March
2019 showed no evidence of disease. Further follow-up
included serum tumor markers, which were within normal
ranges, and "*F-FDG PET-CT showed no signs of local
recurrence, nor pathological lymph nodes. The patient is
ECOG PS zero with a disease-free survival period of three
years. The treatment has improved the patient’s quality
of life.

Informed consent was obtained from the patient for
publication of this report and any accompanying images.

DISCUSSION

Previous studies reported that 20% of patients with CRC
have distant metastasis at presentation and that 20-50% of
patients with RC developed metastatic disease, mostly in
the liver, lung, peritoneum, bone and extra-regional lymph
nodes [2, 6-9]. These patients have a five-year survival
of 13.1% compared to 90.1% for non-metastatic patients
[9]. Due to the progress in personalized medicine, sig-
nificant development has been reached in the treatment
of patients with mCRC, which has encouraged a more de-
veloped collaboration between multidisciplinary teams
and led to progress in survival rate and median survival
duration [10, 11, 12]. According to the European Society
for Medical Oncology consensus guidelines, a patient with
mCRC may reach an overall survival of 30 months as a re-
sult of a treatment decision reached multidisciplinary [11,
13]. Nevertheless, the median overall survival in patients
with mCRC has increased and it has been reaching over
40 months in molecularly selected patients [4]. A previ-
ously published randomized phase III study that evaluated
the use of bevacizumab in combination with oxaliplatin-
based CTx as the first-line therapy in mCRC, had shown

Figure 5. Chest computed tomography in axial planes after lung metastasectomy demonstrating no signs of metastatic recurrence; only fibrotic
changes are visible
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Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):494-498



Can multidisciplinary approach win the battle against metastatic rectal cancer?

that the use of bevacizumab to oxaliplatin CTx improved
progression-free survival, whereas overall survival differ-
ences and response rate were not improved by the addition
of bevacizumab [14].

There are still some issues in the treatment of mCRC
that need to be clarified, such as the best treatment modal-
ity, which regimens to administer in different patients and
situations, when to start and when to finish treatment if a re-
sponse is seen. According to Foubert et al. [15], patients with
mCRC can be candidates for multiple lines of therapy. The
decision should be based on characteristics of the patient
and cancer including tumor biology, and it also depends
on previously used therapies. In patients with unresectable
mCRCs, multiple lines of therapy should be assessed. The
never-used agent should be considered if the patient has not
already been treated with all major CTx agents; also, a drug
previously used with a good response could be reintroduced.
Various options can be discussed, patients should be con-
sidered for inclusion in clinical trials [15].

A study by van Dijk et al. [16], which included 50 adult
patients with primary metastasized RC, has shown that
radical surgical treatment of all tumor sites conducted af-
ter short-course RT and bevacizumab plus CAPOX com-
bination therapy may potentially enable the treatment of
metastatic disease and good control of the primary RC.
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[a nu ce MYATUANCUUNAUHAPHUM NMPUCTYNOM Y iIeYeby MOKe HOGEAMTM

METaCTaTCKU KapLUHOM peKTyma?

Cy3aHa CrojaHoBuNh-PyHauh'? BecHa MnewnHau-KapanaHyuh'?, JeneHa [leposuh-Crojakosuh', HeHag Mujankosuh?,
BrioneTa Lkperma®, Hebojwa Munetnh', Anekcangpa hypuh-CredaHoBuh>*
"MHcTuTyT 33 oHKonorujy 1 paguonorujy Cpbuje, KnuHuka 3a pagnonoLuKy oHKonorujy 1 aujarHoctuky, beorpag, Cpbuija;

2Ynusepautet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja;

*YHnBep3nTeTCKI KNUHUYKK LieHTap Cpbuje, KnuHuka 3a ractpoeHTteponorujy u xenatonorujy, Oferberbe 3a JUrecTUBHY OHKOMOTnjy,

Beorpag, Cpbuja;

*YH1Bep3UTETCKM KNMHNYKKM LeHTap Cpbuje, Operbetbe 3a furectreHy paguonorujy, LieHtap 3a paguonorujy n MP, Beorpag, Cpbuja

CAMETAK

YBop KonopektanHu kapyuHom je Tpehiv Hajuelwhu KapynHom
1 jefaH je of Bogehux y3poka CMpTW NMOBE3aHMX ca KapLHO-
MMMa KOZ KeHa 1 MyLLKapaLia Wrpom ceeTa. CaBpeMeHUM, Mysi-
TUANCUMMIIVHAPHMM MPUCTYNOM Y Jleuethby CMakeHa je yuec-
TasoCT NojaBe JIOKaJIHOT PeLVAMBA 11 NOBOSbLIAHN CY NCXOAN
neyetba KOJ METacTaTCKOr KoJlopeKTanHor KapLuuHoma. Mprika-
3a11 cmMo 6onecHNLy ca MPYMapPHO METaCcTaTCKVM KapLIMHOMOM
peKTyMa Koja je neyeHa MynTUANCLIIMHAPHUM NPUCTYMOM 1
KOA Koje je ncnosbeH KOMMIETHW O4roBOp Ca Neproaom npe-
XUB/baBakba 6e3 nporpecuje 601ecTy of TPY roANHe.
Mpuka3s 6onecHnka Kop wesgecetjegHoroguwbe 6onec-
HULe NOCTaB/beHa je AnjarHo3a ajeHoKapLuHoOMa pekTyMa
CTaxumpaHor Kao T4N2MTay 58. roamHu xusota. bonecHuua
je npumuna Wwecr uuKnyca cMcTeMcke XxemoTepanuje Kanewm-
TabuHOM/OKcanunnaTMHoMm y3 6eBaLysymab, AnjarHoCTUYKUM
VMULIMHT NpoLiefypama NpoLiereHa je napuujanHa perpecuja.
CxofHo oanyLy MyNTUANCLMIIMHAPHOT TUMa, OPAMHMPaHa je
npeonepaTvBHa pagroTepanija y3 KOHKOMUTaHTHY XeMoTepa-

DOI: https://doi.org/10.2298/SARH200322025S

nujy KaneunTtabuHom. NMprmereHa je yKynHa gosa og 50,4 Gy
ca nojefnHa4yHoMm fo3om no dpakuuju og 1,8 Gy. Mocne 3aBp-
LeTKa KOHKOMUTaHTHE XeMopaauoTepanuje opanHUpaHa cy
jow ABa LMKAyca ccTeMcKe XxemoTepanuje KaneyutabuHom/
oKcanmnnatiHoMm y3 6esaumdymab. Mecell jaHa nocie 3aBpLueT-
Ka NprIMeHe CUCTEMCKe XeMoTepanuje orneprcaH je nprMapHm
TYMOp peKTyma ca BepudrkoBaHOM KOMMIETHOM perpecunjom
y X1cTonatonoLwKom Hanasy. LLlect Hegerba nocnie NPeTxoAHo
HaBefeHe onepaLuje yurkbeHa je MeTacTasekTomuja Aenosuntay
nnyhrma; X1cTonaTonoLwKy je noTBpheHo NprcycTBo MeTacTat-
CKOT afieHOKapLMHOMa KosiopeKTanHor nopekna. OpanHupaHa
Cy joL TPV LMKAyCa NoCToNepaT!BHe XxeMoTepanuje Kaneyura-
61HOM/0OKcanunnaTuHom y3 6eBaiusymad.

3aksyyak [1py peOBHMM KOHTPONHUM Nperneanma Huje
AOKa3aHo NprcycTBo 6onecTu, Npu Yemy je Neprop Npexu-
B/baBaha 6e3 nporpecuje 6onectn Tpu roguHe. Jlevere je
MonpaBuIO KBANINTET XMBOTa bonecHuLe.

KmbyuHe peun: KapLmHOM pekTyma; paagnoTepanmja; xemoTe-
panuja; XupypLIKo sievere; [V ctagnjym
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Upper extremity sensory training after stroke

Vesna Samardzi¢
University of Montenegro, Faculty of Medicine, Study program of applied physiotherapy, Igalo, Montenegro

SUMMARY

Introduction Stroke is one of the leading causes for disability worldwide. After stroke, the majority of
stroke survivors experience significant arm-hand impairments and a decreased use of the paretic arm
and hand in daily life. Tactile sensibility of the hand is essential for identifying objects and for motor
performance. Despite important sensory contributions to normal and abnormal movement, research
has predominantly focused on motor aspects of stroke recovery. In this paper, we present the effect of
sensory stimulation program on arm sensation and motor recovery in subacute stroke.

Case outline In a 65 years old woman the sensibility stimulation program was administered in subacute
phase of post-stroke rehabilitation, six weeks after stroke, involving active and passive somatosensory
intervention, motor control, coordination, strength and balance exercises. The rehabilitation protocol
was applied for four weeks, five times a week. On discharge, the results of physiotherapy assessment
showed full recovery of her right arm and hand.

Conclusion This case report shows that precise assessment, problems identification and problem ori-
ented somatosensory interventions can improve, in a short time, functional motor performance of the

arm involved in rehabilitation after stroke.

Keywords: sensory training; effectiveness; stroke; upper extremity; motor control

INTRODUCTION

Stroke is defined as the sudden onset of neu-
rological signs and symptoms resulting from
a disturbance of blood supply to the brain [1].
The number of people living with stroke is es-
timated to increase by 27% between 2017-2047
in the European Union, mainly because of
population aging and improved survival rates
[2]. Clinically, a variety of focal deficits are
possible, including changes in the level of con-
sciousness and impairments of sensory, motor,
cognitive, perceptual and language functions.
Proprioception, superficial touch and tempera-
ture sensation losses are common [3] and the
sensory impairments may affect the patient’s
ability to control and coordinate movement [1].
The proprioceptive senses, including static po-
sition sense and movement sense or kinesthe-
sia, are critical for accurate movement, but are
often impaired following stroke [4, 5]. These
deficits significantly contribute to the patient’s
motor disability and largely determine the de-
gree of recovery [6, 7].

Deficits in somatic sensations (body senses
such as touch, temperature, pain, and proprio-
ception) after stroke are common with preva-
lence rates variously reported to be 11-85% [8].
Approximately 50% of stroke patients have hand
sensory impairments, especially in tactile and
proprioceptive discrimination [9, 10]. Sensation
is essential for safety even if there is adequate
motor recovery [11]. Findings particularly sug-
gest the importance of somatosensory function
after stroke for recovery of precision grip force
control [12], safety and dexterity in the paretic

hand [13] and functional independence in ac-
tivities of daily living (ADL) [14, 15].

The current findings showed that active and
passive sensory retraining may be an effective
intervention for improving the light touch
threshold of the hand, dexterity, upper extrem-
ity (UE) motor function [10, 16] to improve the
ADL in stroke patients with impaired sensory
motor abilities [17]. The quality of evidence is
low to moderate [18, 19] so further research is
required to determine the effectiveness of sen-
sory training in stroke rehabilitation.

CASE REPORT

The patient, a 65-year-old right-handed English
teacher, sustained a left ischemic stroke in 2019.
She had received hospitalization service and
was discharged from the hospital two weeks
after the acute moment. Physical therapy treat-
ment consisted of early verticalization and mo-
bility exercise. She was able to walk on her own
at the time of discharge from the hospital. Six
weeks after the stroke, she was admitted to a
rehabilitation facility as inpatient for a four-
week rehabilitation program. At the moment of
the treatment, she was taking antihypertensive
therapy. At clinical examination she presented
normal muscular tone and mild muscle weak-
ness at her right side (4 on manual muscle test-
ing or higher) and significant weakness of her
right hand intrinsic and all thumb muscles (2
to 3 on manual muscle testing). Motricity index
(MI) was used to evaluate arm motor ability
(pinch grip, elbow flexion, shoulder abduction)
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Figure 2. Spiky ball manipulation

[20, 21] and scored L: 100 R: 88/100. Despite satisfactory
muscle strength, she was unable to perform functional
movements. Tri-digital and pinch grips were impossible
and hook and lumbrical grasp were incomplete. The op-
position of the thumb to the other fingers was possible
but the fingers were not well directed. It was difficult to
pick-up small objects. No weakness over LE. The patient’s
body structure and function impairments include im-
paired proprioception, kinesthesia and light touch sensa-
tion of her right hand. The perception of light touch was
preserved but diminished compared to the left hand and
precise localization of stimulus was lost. Mislocalization of
touch sensations was present in the entire right palm and
forearm. Joint position and arm motion reproduction was
impossible. The right LE sensibility was intact.

Passive range of motion was in functional range.
During finger to nose test right hand dysmetria was noted.
Dysdiadochokinesia of the right hand. Romberg test was
negative. Tandem stance test: right leg back-positive at
five seconds and left leg back-negative but shaky. Tandem
walking test with eyes open: unstable. Single leg stance:
right three seconds, left 10 seconds.

‘ DOI: https://doi.org/10.2298/SARH210127039S

Figure 4. Opposition of thumb and fingers using silicone ball for re-
sistance

The patient presented independent with ambulation
and all basic ADLs. Physical function according to The
Stroke Impact Scale 16 (SIS-16) was scored 68/80 [22].
The ability to use the right hand in bilateral activities was
reduced. She mostly performed activities with her left UE.
She could not take or hold a cup in her right hand. She
could not hold a pen or sign. It was frustrating she could
not hold a pen or sign because holding a pen and chalk
was fundamental to her teaching profession. Reported par-
ticipation restriction was regarding her paid work. There
were no cognitive or speech impairments.

Short-term goals were to improve sensibility, to hold a
cup of water in her right hand and to drink from it, to write
short sentences and sign, to be stable in single leg stance.

Long-term goal was to return to work.

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):499-502



Upper extremity sensory training after stroke

Physiotherapy treatment program consisted of sensory
stimulation, motor control, strength and balance exercises.
We placed different objects in her right hand while she
was looking and then with her eyes closed. She tried to
identify objects as they were placed in her hand again, one
at a time. “Washing” and “dusting table” with a towel, wool
socks and pieces of cloth of different textures. For texture
identification, we made the patient recognize the difference
in texture (cotton, velvet, cloth, paper towel, sponge, wool
sock, sandpaper) by touch only. We applied stimulations
with a cotton ball to both and then to her right forearm,
wrist, hand and digits, volar and dorsal surfaces. She tried
to identify and precisely localize the stimulus with her eyes
closed. We also practiced hand movements into containers
with rice, dry beans and corn. The patient had the task
to feel an object (coin, eraser, paper clip) and then to try
to find a matching object in the container. With her eyes
closed and had someone else move her hand while hold-
ing a pencil, she tried to identify what letter, number or
drawing was made.

Each exercise in a treatment session was chosen to tar-
get a specific functional skill such as reaching, grasping
and manipulating an object (ring, balls, pen, key, roller,
plastic glass, clothespins). Grasp stability and adequate
grips force were practiced. For manipulation we used spiky
massage balls, roller and ring. We instructed the patient to
grasp plastic cup and to try to determine how much pres-
sure she was putting on to hold it. We practiced that the
patient takes a plastic cup, holds it in her right hand and
brings it to her mouth as if she was going to drink from it,
then we put first one and later two tangerines in a cup. The
same task was performed with a cup half-filled with water.
The patient was encouraged to count successful attempts.
The tip-to-tip pinch, three-jaw chuck (digital) and the key
(lateral) pinch were practiced. We taught her to hold a pen
first, to monitor the pressure of holding it and to allow
movements required for writing. Writing was practiced:
first lines and shapes, then letters, signature, words and
sentences. During the last week of rehabilitation, we prac-
ticed writing on the board: instead of blackboard we glued
a sheet of paper to the wall and instead of chalk we used
a thick felt pen.

Other exercises included bimanual alternative move-
ments: clapping hands, playing the piano, thumb opposi-
tion and reposition.

The Romberg stance, tandem stance and single leg
stance balance exercises were performed. Tandem walk-
ing and fast walk with a stop at command were practiced.

Isotonic strengthening exercises with mild resistance:
manual, putty (beige, red) springs, silicone balls (red and
green), 10-15 repetition, 1-2 series, in progression 2-3
series. Power (hook, fist, spherical, cylinder) and precision
grips exercises using putty and silicone balls for resistance
were administered. This exercise program (45 min) was
applied once a day on weekdays for four weeks.

The final assessment: Subjectively, she reported a com-
plete sensibility in her right hand. SIS-16 score: 77/80.
Objectively, sensibility improved: she accurately recognized
the location of applied stimuli. She could recognize and

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):499-502

repeat position and movement in hand and finger joints.
MI: L100, R 100. She could sign and write short sentences.
She could write on a piece of paper taped to the wall. She
could hold a glass it in her right hand and drink from
it. She could drink coffee from a small cup. The tandem
walking was stable. Single leg stance: 10 seconds bilateral.

Written consent for publication of this article has been
obtained by the patient.

DISCUSSION

Even though the fact that patients often complain about so-
matosensory disturbances, true prevalence of somatosen-
sory impairment in stroke patients can be underestimated
in clinical practice because motor symptoms usually raise
greater awareness in the therapists while accompanying
somatosensory deficits may be overlooked [9, 23]. Despite
the importance of sensory contributions to normal and ab-
normal movement, research has predominantly focused on
motor aspects of stroke recovery. There is lack of evidence
that UE somatosensory training improves somatosensory
impairment, motor control, function and participation
after stroke. Also, the poor quality of current evidences
assessing the effectiveness of sensory training after stroke
suggests the need for further research [18, 19]. Our pa-
tient’s experience provided a unique opportunity to study
the course and extent of UE motor recovery when sensibil-
ity disturbance is recognized and adequately treated. This
case report points the importance of sensory information
for motor function. Physiotherapy assessment revealed a
somatosensory loss in right arm, a mild muscle weakness
of right hand, thumb, fingers and right underarm, distur-
bance of motor control and fine coordination, difficulties
in participating in instrumental ADLs and balance deficit.
As she could not write, our patient could not do her job
of a teacher. The decision that our rehabilitation protocol
should involve sensory training was based on the results
of physiotherapy assessment and current evidence. Precise
assessment and identification of the problems were the
first, and selection and application of adequate therapeutic
interventions, the second step.

In similar study, findings showed that sensory retraining
may be an effective adjunctive intervention for improving
the light touch threshold of the hand, dexterity and up-
per limb motor function in chronic stroke survivors [16].
Serrada et al. [19] concluded in 2019. that the further high-
quality research is required to determine the effectiveness
of sensory retraining in stroke rehabilitation.

The rehabilitation protocol in our study mainly involved
sensory and motor control training. Each evaluation test
at discharge from rehabilitation unit showed quantitative
and qualitative improvement. The level of manual ability of
right arm in ADLs improved. This case report will provide
an increased understanding of contributions of sensorimo-
tor integration and sensorimotor learning to skilled hand
movements post-stroke.

Conflict of interest: None declared.
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CTumynaumja ceH3MbunnTeTa pyKe nocae MoXKAaHOr yaapa

BecHa Camapumh

YHusep3ureT LipHe lope, MeauuuHckn dakyntet, Cryaujcku nporpam npumereHe dusnotepanuje, Mrano, LipHa lfopa

CAXKETAK

YBoa MoxpaaHu ygap je Bogehu y3pok oHecnoco6/beHoCTH
y cBeTy. lMocne ygapa BehinHa npexunsennx nMa 3HavajHa
owTehera pyke/wake 1 peaykoBaHy ynotpeby napeTnyHor
eKCTpemunTeTa y CBakofgHeBHOM XuMBoTy. OuyBaH ocehaj y npe-
[eny LaKe je 0OCHOBa 3a Mpeno3HaBare A0LUPOM U 3a MOKPET.
YnpKoC 3Hauajy ceH3MbunmTeTa 3a HopManaH NMoKpPeT, NCTPaXu-
Batba Cy NPETEXHO YCMepeHa Ha MOTOPHM acMeKT onopaska
nocsne MOXAaHor ygapa.

Y 0BOM pafly NpefCcTaB/baMo YTHLAj Nporpama CEH30pHe CTHMY-
nauuje Ha CeH3NOUNUTET N MOTOPUKY pyKe Yy Cy6aKyTHOj dba3u
pexabunutaluje nocne MoXxgaHor yaapa.

Mpukas 6onecHuka Kop 65-roguiltbe XeHe NpUMereH je
nporpam cTumynauuje ceHsubunuTerta y cybakyTHoj Gasu

DOI: https://doi.org/10.2298/SARH210127039S

0rMopaBKa, LWeCT Heflesba Nocsie MoXAaHor yaapa. Mporpam ce
CacT0jao 13 MACUBHUX U aKTUBHUX MHTEPBEHLMja CTUMYNaLje
CeH3MbunmTeta, BeXXOU MOTOPHE KOHTPOJe, KoopAuHaLmje, ja-
yarba 1 6anaHca. Mporpam Tepanmjckmx BeX6u ce NprmMerNBao
TOKOM YETBOPOHE[EeIbHE pexabunuTaluje, NeT nyTa HefiesbHo.
Ha otnycTy cy pe3yntatu ¢pusrioTepaneyTcke NpoLeHe nokasa-
7N MOTNYH OMopaBakK pyKe.

3aKibyuak Pe3yntatu Haler ncTpaxkuBara Cy nokasanu fa
npeL3Ha NpoLieHa, Npeno3Hasatbe Npobnema v NprmMeHa ofi-
rosapajyhvx MHTepBeHLMja CTMynaLmje ceH3MbunuTeTa Mory
3a KpaTKo Bpeme yHanpeauT MOTOpHY GYHKLMjy NapeTuyHe
pyKe nocne MoXAaHor yaapa.

KrmbyuHe peun: cTumynauuja ceH3ubunmTeTa; yUnHKOBUTOCT;
pYKa; MOX[aHU yAap; MOTOPHA KOHTposa
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SUMMARY

Introduction Even the greatest visionaries could not have guessed at what speed the profession and
science of dentistry would accept the concept of the Fourth Industrial Revolution. In terms of its scale
and complexity, this transformation has been greater than any known before and it has been described
in the literature as Dentistry 4.0. The digital revolution in dentistry has allowed for nearly all clinical and
laboratory procedures to be supported by digital technologies. The aim of this paper is to understand the
role of Industry 4.0 in the profession of dentistry and identify its research status today and in the future.
Methods An electronic search of Medline literature was performed via PubMed and Google Scholar
databases with the terms “fourth industrial revolution,”“digital dentistry,”“dentistry 4.0,"“CAD-CAM The
option “related articles” was also utilized as well as an additional manual search of review articles and
the most relevant papers.

Results The paper describes the most frequently used diagnostic and therapeutic procedures supported
by digital technologies.

Conclusion The sophisticated technologies of the Fourth Industrial Revolution have led to more rapid
and precise diagnoses of oral diseases. Clinical procedures have become easier, more precise and predict-
able to the dentist, and more comfortable to the patient. The long-term benefits also include financial

savings and environmental protection.

Keywords: digitalization; Fourth Industrial Revolution; digital dentistry; Dentistry 4.0

INTRODUCTION

Dentistry is a highly dynamic scientific field
and the changes that occur in this field reflect
the development of basic sciences technology
[1]. Throughout history, there have been many
examples of technological innovations that cre-
ated new diagnostic and therapeutic procedures
in clinical dentistry.

The profession of dentistry has experienced
continuous growth, taking advantage of all the
opportunities that resulted from the industrial
revolutions. The Third Industrial Revolution
that marked the transition from analogue elec-
tronic technology into a digital era (1980s)
propelled a huge leap forward in clinical den-
tistry. This is when the term digital dentistry
was coined, defined as “any digital or com-
puter-aided technology or device in dentistry,
as opposed to mechanically or electronically
controlled tools” [2]. Digital dentistry opens
completely new perspectives where commu-
nication, documentation, manufacturing and
many other clinical procedures are brought un-
der the umbrella of computer-based algorithms.

Quicker than was expected, another crucial
advancement followed that led to automation
and the use of robotics both in the industry
and in the medical sciences. This shift was so
profound that it became known as the Fourth
Industrial Revolution - the term first used by

Klaus Schwab, head of the World Economic
Forum, in 2015. Unlike the three preceding
revolutions, this one was not based on ground-
breaking new technology but implied a transi-
tion to new systems developed using the in-
frastructure of the previous, digital revolution.
Automation is facilitated by the cyber-physical
systems enabled by the Internet of things and
cloud computing [3].

Even the greatest visionaries could not have
anticipated the speed at which both the profes-
sion and the science of dentistry, as well as the
accompanying industry, would accept the new
concept of digital transformation. In terms of
volume and complexity, this transformation was
greater than any known before. In dentistry, the
digital revolution allowed for the possibility for
almost all clinical and laboratory procedures to
be supported by digital technologies (Figure 1).
This new concept soon found its place and re-
ceived the name Dentistry 4.0 [4, 5].

This paper aims to understand the role of
Industry 4.0 in the profession of dentistry and
to identify its research status both today and
in the future. In dentistry, a truly wide array
of diagnostic and therapeutic procedures exist
that are based on the technological discoveries
within Industry 4.0. Thus, here, only the most
important ones will be briefly described.

An electronic search of Medline litera-
ture was performed via PubMed and Google
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Figure 1. Dentistry 4.0 — synergy of dentists and engineers

Scholar databases with the terms “fourth industrial revo-
lution,” “digital dentistry;” “dentistry 4.0,” “CAD-CAM.”
The option “related articles” was also utilized, as well as an
additional manual search of review articles and the most

relevant papers.

MEDICAL IMAGING

Medical imaging is the visualization of anatomical struc-
tures using computerized recording techniques. The result
of medical imaging is a digital image, which is the first
step in digital dentistry. Many diagnostic and therapeutic
procedures have been created by generating digital im-
ages [1]. Let us mention only those that are used today in
routine practice.

Digital teeth impressions

These are virtual, computer-generated copies of the hard
and soft tissues in the mouth. Engineers have developed
a medical device for digital impressions that is comprised
of an intraoral scanner (IOS - hardware), a computer and
software. The IOS records a three-dimensional image of
an object (a tooth or the surrounding structures) by using
concentrated light beams to precisely “capture” the tooth

Figure 2. Image of the teeth of the upper and lower jaw obtained
with an intraoral scanner

and the surrounding tissue and generates an image in the
Standard Tessellation Language (STL) format (Figure 2).
More recent intraoral scanners also register the color and
texture of the tissue in a Polygon File Format (PLY) file.
Laboratory scanners work on a similar principle (Figure 3).

The digital tooth impression operates on a similar prin-
ciple and, in comparison to the conventional impression,
is more precise and easier for the dentist and less unpleas-
ant for the patient. The digital impression is also the first
step in prosthodontics, orthodontics, and dental implant
treatment.
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Figure 3. A — image of a cast model of the upper and lower jaw; B and C - computer animation in the Smile Design program in planning treat-

ment for tooth anguish in the lower jaw
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Cone-beam computed tomography

Three-dimensional diagnostics (computerized tomogra-
phy, CT) has long been a superior diagnostic tool in nearly
all branches of medicine. The conventional medical CT
provides a good three-dimensional representation of the
hard tissues and enables their easy visualization. Yet, with
regard to our field of interest, this implies both a high dose
of radiation and a costly price to pay. These were the basic
reasons behind the development of cone-beam computed
tomography (CBCT). CBCT uses cone-shaped X-radiation
focused on the region of interest, which significantly re-
duces the effective dose of radiation in comparison to the
conventional CT. Some 10 years after the first application
of CBCT in angiography and mammography (1982, Mayo
Clinic), CBCT-based devices were developed that were
specifically intended for dentistry (Figure 4).

By representing the anatomical structure of the orofacial
region in three planes, the CBCT technology brought sig-
nificant advancement in the diagnostics and treatment used
in oral and maxillofacial surgery, periodontics, endodontics
and orthodontics. The three-dimensional representation
of bone structures has enabled computer-aided surgical
procedures that employ specially designed software.

Figure 4. Cone-beam computed tomography screenshot with a small field of

view — 6 X 6 cm

Digital photography

In combination with the appropriate commercial software
for image processing, digital photography allows virtual
facial reconstruction, virtual occlusion (Real-Time 3D
Reconstruction for Occlusion), smile designing (Digital
Smile Design, Smile Creator), etc.

DATA PROCESSING

There is a large number of commercial software products
for data processing available today that are designed to
support the diagnostic procedures and therapeutic treat-
ments in dentistry.

Computer-aided design and computer-aided
manufacturing software

Commercial 3D computer-aided design (CAD) software
has been developed that uses several standard data formats.
The data files created when taking a digital impression
(STL file) are transferred into CAD software to design
a dental appliance. After the virtual dental appliance is
formed, the files are transferred into the computer
support software (computer-aided manufacturing/
modeling/machining, CAM software). Based on
the CAD model (virtual model), the CAM soft-
ware then determines a tool path for the computer
numerically controlled (CNC) machine (Figure 5).
Data processing will depend on the type of ma-
chine that will be used for the final shaping of the
appliance [6].

Digital facebows and virtual articulators

These are computer software tools that repro-
duce jaw relationships and simulate the movements
of the lower jaw. In digital dentistry, digital face-
bows have replaced conventional facebows and

facilitated their transfer to the space of

1. Intra-oral scan (STL file)

@
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SendLab information
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an articulator. Digital images of three
reference points (projections of centers
of temporomandibular condyles and the
infraorbital point) and an intraoral scan
of the upper jaw are sufficient elements
for fixating a virtual model of the upper
jaw to the upper member of the articula-
tor [7, 8].

Shade matching

Shade matching has resolved many
doubts and issues that surface with
regard to the visual determination of
tooth shade. Machines used for the
quantitative analysis of tooth color can
determine the characteristics of the

Figure 5. Overview of CAD/CAM systems in dentistry
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surface. Today, several well-rounded concepts are
employed for instrumental tooth shade matching
[red-green-blue (RGB) machines, spectrophotom-
eters, colorimeters]. What all these concepts have
in common is the integrated digital camera and
image processing software [9].

Digital Smile Design

This is another computer tool that found an ap-
plication in digital dentistry. Several digital im-
ages and a specially designed software package are
enough to achieve the visualization of the exist-
ing state and the virtual simulation of different
therapeutic plans in designing a smile (Figure 2).
Besides visualization, the predictability of future
treatment is the main advantage of this computer tool.
Before the dental intervention, the patient can “see” or
even create together with the physician the end-result of
treatment [10].

Computer-guided implant surgery

This is a good example of the Fourth Industrial Revolution
in dentistry. This concept involves a series of sophisticated
procedures, from diagnosis to implant insertion, and in-
deed deserves to be called a generator of computerized
dentistry. Advanced imaging methods such as CBCT and
digital volume tomography supported by 3D software for
the examination and analysis of radiograms allow three-
dimensional reconstruction of the tissue into which an
implant is to be inserted. In this way, the preoperative plan-
ning of the optimal implant position is achieved (Figure 6).

Today, the widely accepted technique for inserting im-
plants involves using surgical splints that determine the di-
rection and depth of implant insertion. This method is also
known in the literature as “static navigation for implant
placement” [11]. Computer-guided implant placement
in its full capacity is the technique known as “dynamic
navigation for dental implant surgery” or the navigation
technique. As its name says, this technique “navigates”
the handpiece in real-time during implant placement
based on the dental global positioning system without the
use of surgical splints or temporary appliances [11-14].
Further development of computer-guided implantology
will likely derive from this navigation method. Even now,
several commercial programs are present on the market
(X-Guide Dynamic 3D Navigation System, Nobel Biocare
Co, Kloten, Switzerland; Navident — dynamic navigation
system, The Dental Imaging Company Ltd., Shoreham-
by-Sea, UK, etc.).

Virtual diagnostics and treatment planning in
orthodontics

The digitalization in orthodontics has a long tradition
and includes three basic groups of programs: those for
office management and patient files’ management, those
for designing and analyzing digital models, and those for
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Figure 6. Cone-beam computed tomography screenshot in the preoperative
treatment of implant insertion

cephalometric analysis (digital cephalometry). There are
numerous software packages that support cephalomet-
ric analysis (Dolphin Imaging, Dolphin Imaging Systems
LLC; OnyxCeph, Image Instruments GmbH, Chemnitz,
Germany; AxCeph, Audax, Ljubljana, Slovenia, etc.).
Invivo5 (Anatomage Co., Santa Clara, CA, usa) is certainly
the most well-known software offering visualization of
anatomical structures and other innovations of importance
to orthodontics [15, 16].

COMPUTER-AIDED MANUFACTURING

CAM implies the application of software to control tool
machines in the manufacturing of various 3D objects. A
virtual model designed using CAD and if necessary veri-
fied by computer-aided engineering is introduced into the
CAM software that controls the CNC machine during the
manufacturing process. Essentially, this software allows for
the automatization of the process, faster and more precise
work and material savings. Machines used in dentistry in-
clude milling, sintering, rapid prototyping, and 3D printing
machines.

Subtractive manufacturing

The first CAD/CAM systems appeared in dentistry in the
1980s, namely, CEREC (Sirona Dental Systems Inc., New
York, NY, USA) and Procera (Nobel Biocare). CNC ma-
chines, guided by CAM software, utilize firm blocks of
material (ceramic or metal alloys) for milling to form the
required shapes [4, 17]. These systems have developed in
two directions, which resulted in in-office and laboratory
systems.

In-office systems (chairside CAD/CAM technique)

These systems are intended for manufacturing smaller
fixed dental appliances in one patient visit. The prepared
tooth is scanned and the 3D image is sent to the computer
that creates a fixed dental appliance using the CAD/CAM
software. The in-office CAD machine quickly mills the
dental appliance that is also cemented during the same

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):503-510



The Fourth Industrial Revolution's impact on dentistry

Z£Empress®CAD
LTA2/112

ivoclar .
vivadent:

Figure 7. Left — the action of milling a ceramic crown in an in-office CAD/CAM
machine; right - a ceramic block from which the ceramic crown is milled

Figure 8. Screen of a monitor showing a virtual model and a model of the dental
appliance designed in the 3Shape Partial Denture System (3Shape, Copenhagen,
Denmark) program [20]
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Figure 9. Schematic representation of the manufacturing of a frame using the
selective laser melting technology [20]

patient visit. The advantages of this technique are the digi-
tal impression, no temporary crowns, and no laboratory
costs. Insufficient precision of the gingival sulcus (soft tis-
sue management) and the impossibility of individualizing
the appliance are the basic shortcomings of this procedure
(Figure 7).

In-lab systems (non-chairside CAD/CAM
device)

An impression or model is sent to a laboratory
that, after scanning the impression or model, de-
signs and mills the frame (using a ceramic or a
metal alloy) in the CNC machine and returns it to
the dental laboratory for the application of veneer-
ing material and individualization of the appli-
ance. These systems require two patient visits. Due
to the fact that they connect the physical with the
virtual world, the described systems share many
common elements with the cyber-physical sys-
tems. The typical examples are Procera AllCeram
all-ceramic system (Nobel Biocare), Lava CNC
500 Milling Machine (3M ESPE AG, St. Paul,
MN, USA), KaVo Everest CAD/CAM System
(KaVo Dental GMBH, Biberach, Germany), InLab
(Sirona), etc.

Additive manufacturing technologies

These technologies are broadly applied in the den-
tal industry. In the literature, they are described
as additive technologies and rapid prototyping,
3D printing and the manufacturing of free forms.
What all formative technologies have in common
is that the 3D form is obtained by adding new
layers of material. Additive technologies enable
direct production of physical shapes (dental ap-
pliances, dental implants, obturators, teaching
aids, etc.) by using a 3D digital geometric model
as input. The geometric model is either designed
in a CAD program or obtained by 3D scanning
an existing object.

There are numerous examples of the manu-
facturing of 3D objects in oral and maxillofacial
surgery, oral implantology, prosthodontics, and
orthodontics. In prosthodontics, there is basically
no appliance that cannot be manufactured using
additive technology, either in ceramic or compos-
ite material, or a metal alloy. The framework of a
removable denture is an example of the superior-
ity of this technology over traditional methods. A
digital impression of a partially edentulous patient
is sent to the laboratory via the Internet and serves
as a basis for the virtual model from which the
framework is manufactured, in five steps, using the
selective laser melting technology (Figures 8 and
9) [17-20]. In order to transfer the physical frame-
work of the denture to a real model and send it to
the dental office, a real working polymer model is

made on a 3D printer (dental model resin).

BIOMATERIALS

Teeth can be restored, moved or upgraded using mate-

rials that in addition to good physical and mechanical

Srp Arh Celok Lek. 2021 Jul-Aug;149(7-8):503-510

www.srpskiarhiv.rs ‘

507



508

Stamenkovic¢ D. et al.

Figure 10. a - the mesh of finite elements of a partial complex denture: 110,970 elements and 213,931 nodes [21]; b — a virtual model of the
free-end saddle of a complex partial denture with a point load of 700 N on the first molar [21]; ¢ - stresses and deformations of a complex
denture’s fixed appliance with a point load of 700 N on the first molar [21]

characteristics also have to possess good biological prop-
erties, i.e., they have to be compatible with the oral tissues
and the human organism as a whole. When inserted into
the stomatognathic system, these materials most often
exhibit predictive behavior. From time to time, however,
inexplicable observations can be made that are the result
of interaction between a material and the living organism.
Hence, their name is justified — biomaterials. In the science
of materials, in general, dental materials are classified as
belonging to the group of advanced materials or materials
of the future (nanomaterials and smart materials) [21].
With the accelerated development of the synthesis, shap-
ing, and manufacturing of biomaterials with strictly con-
trolled characteristics in terms of composition, structure,
and physicochemical properties, new possibilities are being
opened in bioengineering [21, 22, 23].

Dentistry uses a wide spectrum of materials. Most are
the products of sophisticated technology. In nanodentistry,
expectations are the same as in nanomedicine, except the
field of action of the nanoparticles is limited to the sto-
matognathic system. In the field of dental materials, there
are two strategic tasks: synthesis of new polymer and ce-
ramic materials with specific characteristics and synthesis
of new nanomaterials (scaffolds) as biological carriers [22].

Smart materials are already used in modern dentistry
and they are often described as advanced materials. Some
typical representatives include bio-shape-memory alloy
and smart composites (these contain amorphous phos-
phates that act as calcium and phosphate depots) [22, 23,
24]. The widely applied glass-ionomer cements are known
as smart materials because of their programmed release of
fluoride in caries prevention.

VIRTUAL EDUCATION AND SCIENCE

This technological revolution in the form of virtual reality
has fundamentally changed our way of living, working, and
connecting. At all stages of education, from the elementary
to the highest levels, there is an ongoing gradual transition
from the analogue to the digital way of functioning.

In the education of students and residents, digital tech-
nologies have reached various degrees of application de-
pending on the resources of particular schools. One of the
greatest challenges in the digital education of future den-
tists is the need for continuous adjustment to technological
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advances [1, 25]. In dental schools, new courses have
been introduced: Computerized Dentistry, Visualization
Techniques, and the like. Most clinical courses (Oral
Implantology, Prosthodontics, Orthodontics) utilize 3D
images, video clips and simulation programs as teaching
aids [26, 27, 28].

Continuing professional development (lifelong learn-
ing) is the product of this era and can be seen in all pro-
fessional and scientific fields. In the medical sciences,
it is known as continuing medical education (CME).
Especially, the traditional CME has grown into eCME
and this is one of the fastest rising trends in dental educa-
tion both here and around the globe [1, 25]. The eCME
allows for designing courses and webinars in an interac-
tive form. Also, the comfort provided to users by the
eCME is indeed substantial: every student can set his or
her own tempo and time for education (the education
is not bound by precise hours and locations). A mere
glance at the work schedules of scientific and profes-
sional organizations will reveal numerous virtual events
(webinars) that are conducted live online and enable the
lecturers and attendees to connect in an interactive man-
ner. In addition to a screen device and internet access, a
software tool for webinars (Zoom, Skype, GoToWebinar,
Google meet, Google Plus Hangouts) is needed that pro-
vides interactive participation via a chat box or the Q&A
function. Webinars as a format of the eCME have given
access to education to anyone interested, at any place and
any time. During the pandemic (COVID-19) and social
distancing, this format of eCME has gained even more
significance.

The saying “without technology, medicine is powerless;
without medicine, technology is blind” may best illustrate
both the association and the inter-dependence between
medicine and technology, or between physicians and en-
gineers. Nearly all scientific and research projects in den-
tistry have engaged engineers to participate as researchers.
In the study of dental sciences, the most frequently applied
method of numerical analysis is the finite element method
(FEM). In short, the FEM considers the physical domain
(tooth, dental implant, denture or bridge, temporoman-
dibular joint, etc.) as a real continuum where the points
have infinitely many degrees of freedom of movement and
reduces it to a discrete (virtual) model with a specific num-
ber of points (called nodes) with a finite number of degrees
of freedom that can be described mathematically [21, 29].
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The appearance of intraoral digital scanners and CBCT
scanners allowed for the definition of a real physical model
with complex geometry (teeth and the supporting struc-
tures of teeth, etc.). Specialized software translates the 3D
images into a digital 3D model [20, 25, 29]. The following
procedure is nowadays routine in the engineering world:
a numerical model is produced by generating a mesh of
nodes that comprise the so-called finite elements (Figure
10a). Doctors are expected to define the project assign-
ment - in the case shown in the figures, this would be the
loading and elastic deformations of the dental appliance,
teeth and supporting structures of the teeth (Figures 10b
and c). The physical characteristics of materials and tis-
sues that should be considered to complete the calculation
are Young’s modulus, Poisson’s ratio, and shear modulus
[21, 29]. By using program packages for the finite element
method analysis (such as the innovative platform ANSYS
Workbench, ANSYS, Inc, Canonsburg, PA, USA), beside
obtaining the values of stresses and elastic deformations,
it is also possible to create animations of the movement of
the free-end saddle of the denture and the carrier tooth in
a three-axis Cartesian coordinate system (x-y-z) (in den-
tistry, the terms sagittal, frontal, and horizontal plane are
traditionally used instead of the x-y-z system). A visual
representation of the virtual movement of the free-end
saddle of a complex denture and teeth in operation is a
good example of digitalization in teaching dentistry stu-
dents (Figure 10).

All research projects require the consent of the ethical
committee, whose work is based on the principles of good
clinical practice as the ethical and scientific standard of
quality in designing, managing, monitoring, and reporting
about studies done in humans. Sometimes, however, when
it comes to investigating the behavior of tissues and or-
gans of the orofacial region, dental appliances or implants
under conditions of loading, it is impossible to obtain the
ethical committee’s consent. In such instances, the applica-
tion of FEM is the method of choice. FEM should also be
given advantage in cases when the proposed experiment
is economically unsustainable. The results of FEM should
not be taken as final but rather as preliminary findings
that signal towards more valid methods, such as clinical
studies.
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PATIENT RECORD MANAGEMENT

Today, the complete healthcare system has been digitalized,
which has made all the management activities simpler and
quicker. Due to commercially available software, the man-
agement of patient records has become easier and perma-
nently accessible. All patient documentation (dental chart,
medical and dental patient history, treatment protocols,
radiographies, photographs, digital models before and after
the intervention, etc.) can be easily stored and made avail-
able in digital form. One of the software tools most often
utilized for this purpose is the patient records management
dental software [30]. The future holds a transition to web-
based patient files, in which data are stored in centralized
web servers instead of computers located in individual
dental offices [30].

CONCLUSION

The increasingly sophisticated and integrated digital tech-
nologies in everyday dental practice (medical imaging,
CBCT, digital photography) have led to a more rapid and
precise diagnosis of oral diseases. Clinical procedures
have become simpler, more precise and predictable for
the doctor, and more comfortable to the patient (digital
teeth impressions). A large number of commercial software
products as CAD/CAM software for milling crowns and
bridges, digital facebows and virtual articulators, shade
matching, Digital Smile Design, computer-guided implant
surgery and digital cephalometry have contributed the
most to the progress of dentistry.

The benefits of new technologies in dentistry are enor-
mous. Also, financial savings and environmental protec-
tion (less medical and communal waste) are no less impor-
tant in the long run. At the same time, these technologies
can be frustrating because they require great investments
and a certain knowledge of informatics from all the mem-
bers of a dental team. These would also be one of the main
reasons behind the unequal level of application of digitali-
zation in dental offices and dental laboratories.
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YTuuaj yeTBpTe MHAYCTPUjCKE peBONyLMje HA CTOMATONOTUjy

[parocnae CrameHkosuh', KocoBka Obpaposuh-hypuunh?, [lejaH CrameHkosuh?, Anekcanaap lpbosuh?, Urop Hophesuh?
'Cpricko nekapcko ApyLwTeo, Akafemuja MegULIMHCKIX HayKa, Beorpag, Cpbuja;

2YHuBep3uTet y Beorpapy, CromatonoLuku akyntet, beorpag, Cpbuja;

*YHusepautet y beorpagy, MawwmHckn dakyntet, beorpag, Cpbuja

CAMETAK

YBog W Hajsehn BU3MOHApK HACY MO A MPETNOCTaBE KOjoM
6p3rHOM he cToMaTosoLWKa CTPyKa 1 HayKa NPUXBATUTY KOH-
LienT YeTBpTE MHAYCTPUjcKe peBonyuuje. Mo 0bumy 1 cnoxe-
HOCTM OBa TpaHcpopmaLwja je Beha of CBUX A0 cafia MO3HATHX
1y nTepaTypu je onucaHa Kao Dentistry 4.0. QurntanHa peso-
nyuuja je cromatonoruju omoryhuna fa rotoBo cBe KNMHUYKe 1
nabopatopujcke npoLiesype Mory 61Th nogp»KaHe AUrMTanHUM
TexHonorunjama. Linms oBor pafa je pasymeBatbe ynore yetspre
VNHAYCTPUjCKe peBosyLuje y CTOMATONOrnju.

MeToge MpeTpaxuBare 6a3e Medline n3BplueHo je nytem
6a3a nopataka PubMed n Google Scholar 3a TepmuHe ,ueTBpTa
VHAYCTPUjCKa peBonyLmja’,, AurnTanHa ctomaronoruja’,,ctoma-
Tonoruja 4.0%,CAD-CAM". Takobe cy kopuwheHe onuuje ,cpoa-
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HMX YnaHaka“ y3 JOAATHO PyYHO NpeTpaXkunBatbe npernefHnX
unaHaka 1 peneBaHTHUX TeKCTOBa.

PesynTaTtu Y pagly cy onucaHe Hajuewhe anjarHoCTiyKe 1
Tepanujcke npolegype Koje cy Nogp»KaHe AUrnTasHUM Tex-
Honorujama.

3akmyyak CopuctmuypaHe TEXHONOTje YETBPTE NHAYCTPYUjCKe
peBonyLuje foBerne cy Ao 6pXKe 1 NpeLr3Hyje AnjarHo3e opan-
HUX 060/bera. KnHnuKe npouenype nocTajy jeAHOCTaBHMje,
npeuvsHuje U NpeaBMAbUBIjE 3a IeKapa, a KoMOpHYje 3a
nauujeHTa. [lyropouHo, Ty Cy 1 EKOHOMCKe yLUTefe 1 OuyBaHe
KMBOTHe cpefjnHe.

KrbyuHe peun: grirutanusaumja; YeTBpTa MHAYCTPUjCKa PeBO-
nyuuja; AUrutanHa cTomaTonoruja; cromatosnoruja 4.0
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SUMMARY

The COVID-19 virus pandemic had a drastic impact on the social lives of billions of people, hitting certain
industries like a hurricane. What the answer will be to this and possible other occurrences of pandem-
ics in the future will largely depend on the inventiveness of the researchers. Intellectual property is the
first system to offer answers, opening patent bases to anyone developing new technologies to fight the
COVID-19 pandemic. The need for the means of prevention, treatment, and care has caused thousands
of different researches, which find inspiration and guidance for discovering new solutions in patents that
already exist. Publication of scientific papers has never been so intense in any scientific field as in medicine
since the fight against this virus began. The time since the beginning of the virus pandemic has shown
that science and innovators are ready for such challenges, but the global health crisis has imposed a new
challenge on the intellectual property system, which refers to the strictimplementation of its rights at times
when rapid and global effect is needed in order to avoid additional deterioration due to further circulation
of the virus among the population, which inevitably leads to the emergence of new strains of the virus.
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INTRODUCTION

In the beginning of January 2020, the world
started facing the biggest pandemic in the last
100 years. From the beginning of the SARS-
CoV2 pandemic, the world has seen an unprec-
edented healthcare crisis.

From the moment when the patient zero be-
lieved to be an asymptomatic carrier was infect-
ed in the beginning of January in Wuhan, China,
the impact of the outbreak of newly-identified
coronavirus (COVID-19 virus SARS-COV-2)
on the global population is unbelievable, and its
consequences are being felt in all the industries
[1, 2]. The world has faced an unprecedented
crisis and medicine has been challenged with
the task of helping all the sick and disadvan-
taged [3]. The virus, named by the World Health
Organization as 2019-nCOV, has temporarily
changed the manner of doing business, as well
as the shape of global economy [4]. The corona-
virus disease 2019 (COVID-19) pandemic has
affected all aspects of public health, especially
treatment processes that have never changed so
quickly [5]. The objective of this paper is to point
out the importance of research work through
the prism of patents and copyrights in the fight
against pandemic virus outbreaks.

COVID-19 PANDEMIC - AN ACCELERATOR
OF INTELLECTUAL PROPERTY RIGHTS

Scientific work as a form of authorship holds
great significance in such situations. Upon

facing some new form of an illness that was
inexistent until the given time, doctors, virol-
ogists, immunologists and other professions
started closely following scientific journals,
in waiting of new scientific works that would
confirm or negate the existing stances and lead
them towards finding a manner for treating the
infected. The COVID-19 pandemic confirmed
this. More than 500 scientific works were pub-
lished world-wide during the first three months
of the COVID-19 pandemic (Figure 1).

Thanks to the scientific work titled “Genomic
characterization and epidemiology of 2019
novel coronavirus: implications for virus ori-
gins and receptor binding,” published in the
Lancet scientific journal, and which provided
the characterization of the SARS-CoV-2 ge-
nome, the global effort for developing a vac-
cine for the prevention of COVID-19 has been
greatly facilitated [6].

The significance of scientific work is also vis-
ible from the aspect of panic suppression, given
that panic is being spread as a consequence of
false of partly true information. According to
data provided by the Sprinkle analytics plat-
form as early as March 11, 2020, coronavirus
had been mentioned on the Internet more that
19 million times. Such enormous interest is fer-
tile ground for spreading different conspiracy
theories, misinformation, and suspicious health
recommendations [7].

The speed of publishing scientific work in
such situations is very significant, but speed
brings along mistakes. The results of laboratory
and clinical trials are immediately published in
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Figure 1. The number of scientific works referring to COVID-19 pub-
lished over time (weeks) [7]

numerous scientific journals, so that their outcomes can
be applied in clinical application as soon as possible [8].
As a response to the needs of the scientific community,
many journals have sped up their publishing procedures,
especially the ones dealing with COVID-19. Even though
this is not the first time that an epidemic led to an increase
in publishing authorship works, the change in practice and
the lack of implementation of standards, have led towards
the publication of papers that were not founded on valid
clinical research [9]. In order to prevent a negative impact
of false research results, certain journals, such as Royal
Society Open Science, conducted study reviews before
collecting data, with a special focus on methods and the
analysis plan. In such a way, the authors were given an ac-
ceptance “in principle” - if they followed the previously
determined research plan, their study would be accepted
for publishing, no matter the results [10].

INTERFUNCTIONAL DEPENDENCE OF PATENTS AND
MEDICINE

Coronaviruses were discovered in 1967, but only with the
emergence of the new coronavirus SARS CoV in 2002 the
new chapter in virology was opened, and the up-until-then
“marginal” coronaviruses became a current topic world-
wide. The SARS epidemic (which carries the same gene)
also started in China and then spread to some 30 other
countries, counting 8098 infected and 774 deceased in-
dividuals, and stirred up great interest world-wide, thus
causing a need for the development of new diagnostic tests,
vaccines, and anti-virus agents [11]. This resulted in current
existence of dozens of different patents for diagnosing and
treating coronavirus. A relatively small amount of infected
has significantly impacted the fates of patents related to this
virus. Inventing medicines, vaccines, and other pharmaceu-
tical preparations demands vast material investments that
are, for the time being, not cost-effective. Among registered
patents related to the SARS virus, about 80% of them refer
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to therapy development, 35% relate to vaccines, while 28%
relate to diagnostic means and methods [12].

Given that intellectual property results from innova-
tions based on the previously existing knowledge, a great
number of inventions is actually the result of creational
improvements of previous work, or the result of new cre-
ative expressions of old ideas and constructs [13]. Due to
this, the availability of information of the already existing
solutions, the level of development of science and tech-
nique is of fundamental significance for researchers. In
order to speed up the race and find the treatment modes
and efficient therapeutic means and vaccines as soon as
possible, the World Intellectual Property Organization
(WIPO), within its already existing online platform
PATENTSCOPE, set up a new functional search engine
for examining information that could be of use to inven-
tors. Given that this database includes 83 million patent
documents, in order to facilitate easier overview of data to
the interested innovators regarding the PATENTSCOPE
WIPO COVID-19, the patents are grouped in accordance
with the technical fields significant for detection, preven-
tion and treatment of COVID-10 [14]. Patent lists are “a
rich source of technological knowledge acquired by people
throughout the centuries,” and thus they must be made
available to the interested public. By providing an insight
in information on the previously existing technologies,
the innovators might be inspired towards a further de-
velopment of the already existing technologies in order
to ease the suffering of thousands of patients, bend the
death curves, and improve the quality of life for the non-
infected individuals.

For faster and easier search of the patent database, the
Strasbourg Accord introduced in 1971 the International
Patent Classification, according to which patent applica-
tions and patents are being classified in accordance with
their technical characteristics. Such classification deter-
mined eight technical fields (that are further divided into
subclasses, groups, and subgroups) [15].

In order to enable easier and more functional search,
the WIPO, through the PATENTSCOPE base, offered
the inventors who work on easing the consequence of
COVID-19 an opportunity to conduct research accord-
ing to the following criteria: CPR; diagnostics; disinfection;
computer science; medical equipment; medical facilities
and transport; medical treatment / prophylactics; medical
treatment / therapeutic; and personal protective gear. It is
intended not only for inventors, but for the wider public as
well, from creators of public policies to engineers, in order
to find the resources necessary for easing the symptoms,
prevention of the disease, and treatment of individuals in-
fected with this virus, through mutual efforts and previ-
ously existing solutions.

The invention of a vaccine against COVID-19 is still
seen by a majority of the community (with an active protest
of one of its parts) as a public social interest, but it also
has a huge potential within the economic interest. Global
loss caused by the pandemic is measured in hundreds
of billions, and the money that a vaccine could bring to
pharmaceutical companies represents an enormous profit
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and prestige. In the global race for the development of a
vaccine, there are currently more than 90 vaccines against
COVID-19 in different phases of testing.

The right to health is a fundamental human right; how-
ever it is often threatened by the high cost of treatment,
cure, and prevention. The new medicines are the result of
many years of clinical trials that require extremely high
investments. From initial in vitro laboratory research, with
sometimes in silico molecular modeling, through drug de-
velopment with various phases of clinical trials, to approval
by regulatory bodies, pharmaceutical companies invest
huge funds, which condition the price of drugs [16]. Due
to the high prices of medicines, especially when speaking
of populations of the developing countries, the issue of
generic medicine and compulsory licenses is often raised
[17]. Legal protection by a patent implies a relation in
which the protected innovation might be used, produced,
sold or in any other form put on the market, with the ap-
proval of the carrier of the patent rights [12].

With regard to pandemic occurrences, the medicines
used for treating or easing the impact of the virus must be
on the list of fundamental medicines, whose availability
and accessibility must be ensured for everyone. One study
shows that, even though a patent lasts 20 years, an effec-
tive patent protection of pharmaceutical products in the
European Union lasts only eight years, and the gamut of
pharmaceutical preparations used in prevention and cure
of SARS and MERS showed to be, on the off-chance of the
humanity, unprofitable for the pharmaceutical industry,
due to the small number of infected persons [18].

A justified question arises: if the progress in all fields,
from culture to technology, is based on creations and in-
novations whose inventiveness is awarded by implementa-
tion of monopoly rights over a patent (patent protection),
does this reduce the incentive for further improvement of
the previously existing creations? It is hard to find the bal-
ance. Due to the crisis caused by AIDS and HIV virus, the
Government of the Republic of South Africa passed a law
that determined a reduction of prices of medicines used for
the treatment of this illness in order to make them more
accessible. Even though this action caused dissatisfaction
among pharmaceutical companies and legal procedures,
such restrictions in cases of pandemics seem like an ad-
equate compromising solution [19].

A pandemic, unfortunately, causes a feeling of panic
among numerous people when, due to a reduced ratio,
numerous consumers become more prone to procuring
counterfeit medicine. In accordance with the Law on
Medicine and Medical Needs [Official Gazette of the RS,
no. 30/2010, 107/2012, 113/2017 - State Law and 105/2017
— State Law], a counterfeit medicine is a medicine pro-
duced and/or placed on the market with an intent of de-
ceiving the individuals that consume it, characterized by
fake identification information (about the producer, place
of production, etc.), or containing right or wrong con-
tents in comparison to the declared content and/or does
not contain or contains insufficient amounts of the active
substance in question. In the times of the flu pandemic
caused by the A (HIN1) virus, also known as the swine
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flu, the Internet was crowded with offers such as, “antivirus
herbal product for the flu; natural prevention of swine/bird
flu,” “strong natural direction in the fight against swine flu
and other viruses,” etc., and numerous seizures of counter-
feit medicine Tamiflu were conducted in the USA and in
Europe (in the Netherlands and the UK) [20]. Deceiving
sick people, as well as harmful consequences that counter-
feit medicines can have on the health of individuals that
consume it as a preventive measure, have unforeseeable
consequences.

Even though vaccines and respirators are currently in
the center of interest not only of scientific communities,
but also the wider public, given that there is not a clearly
determined model that would calculate the exact time of
the end of this pandemic, numerous mathematicians are
giving their contribution by attempting to find new mod-
els upon which it would be possible to foresee the end of
the pandemic, as well as a possible new wave. Some have
turned to the Gauss curve, while others search for the fun-
damentals in other theories.

In addition to pharmaceutical workers and mathemati-
cians, thousands of new inventors give their contribution
to the global fight against COVID-19 through innovations
that refer to the means of personal protection, diagnos-
tics, medical equipment and its transportation, respirators
and medical preparations, bioinformatics and information
technology in medicine.

ECONOMIC CONSEQUENCES OF PATENT
REGISTRATION AND THEIR IMPACT ON HUMAN
HEALTH IN A PANDEMIC

The pandemic has reduced economic activity in many eco-
nomic sectors, reducing the incomes of citizens and the
economy. As a response, many countries have provided
financial assistance to citizens and the economy by increas-
ing the public debt. In such a situation, the health sector
is particularly burdened in less developed countries that
find it difficult to meet the health needs of their citizens.
The system of intellectual property that provides exclusive
monopoly rights to patent holders further increases the
cost of health care, which in extreme situations, such as
a pandemic, raises the justified question of international
exhaustion of patent rights [21].

Immunization in a number of developed countries
progresses well, but there is great uncertainty about how
developing countries and especially underdeveloped coun-
tries will overcome economic difficulties, not only in terms
of vaccination, but also the necessary diagnostic testing,
personal protective equipment, necessary logistics systems
for vaccination and reporting on adverse events after vac-
cination. The development of medical and pharmaceuti-
cal inventions is also characterized by the fact that their
development requires more time and money. Therefore,
the monopoly right to an invention obtained through pat-
ent protection is especially important for this industry, in
order to financially encourage further research. However,
in situations such as a pandemic, the issue of social benefit

www.srpskiarhiv.rs ‘

513



514

takes on another dimension, the social interest in advanc-
ing medicine and pharmacy is suppressed by ethical chal-
lenges. Intellectual property rights are limited temporally
(20 years) and geographically. In order for vaccines to be
available in a timely fashion in all countries, due to the
huge demand, this can only be achieved by assigning rights
to registered patents through licensing [22]. Although
many important facts are still unknown regarding this
virus (transmission, period of incubation, full clinical
presentation, radiography, laboratory findings, immune
response and specific treatment), the SARS-CoV-2 genome
is fully sequenced and it is a cause for concern that the
longer the virus circulates among the population, the num-
ber of mutations will increase and new pathogen variants
will appear [23, 24]. That is why it is important to achieve
global immunization as soon as possible.

Although some authors believe that Article 31 of
the Agreement on Trade Related Aspects of Intellectual
Property Rights (TRIPS) can be interpreted as enabling
the production of affordable vital pharmaceutical prod-
ucts in situations of global health crisis without violating
the international intellectual property rights regime, India
and South Africa, together with 57 member countries of
the World Trade Organization, have launched an initia-
tive to exempt certain provisions of TRIPS, due to the
need for a temporary global waiver of patent protection
for COVID-19 vaccines [25, 26]. This would enable the
production of cheap generic vaccines, which would help
enable more efficient vaccination of the population in poor
countries. Local production of medicines is a far more af-
fordable variant, because the prices of facilities used for
their production are significantly lower with lower wages
of workers, thus enabling a price that is acceptable for the
markets of underdeveloped countries.

The alternative is the instrument of compulsory license
issued in cases when the patent right holder refuses to as-
sign to other persons the right of economic exploitation of
the protected invention or imposes unjustified conditions
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CONCLUSION

COVID-19 has caused numerous changes in a very short
period of time. Whether they are permanent or simply
one-time changes will depend on numerous factors, but
their effect has, without a doubt, a destructive impact on
numerous economic branches and the society. Wishing
to reach the solution for easing the consequences of the
virus, researchers have sped up their studies by publish-
ing a colossal amount of data, which led to certain wrong
interpretations and explications. The activity of inventors
who attempt to devise as efficient prevention, treatment
and combat measures as possible, is extremely live. In or-
der to provide researchers with access to already existing
solutions and knowledge, access to many patent bases is
eased. Whether the resulting changes are emergent will, to
the greatest extent, depend on the virus itself, the length of
its lifespan, its possible mutations, and the speed the sci-
ence will need to combat it. The next step in that fight is
the fair management of the system of intellectual property
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states whose inhabitants are not able to pay for expensive
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NManaemuja CAPC-KOB-2 1 n3a308u npaBa UHTENEKTYa/IHE CBOjUHE

Mapuo Nykurosuh', 3apasko Butowesuh’
'YHuBep3uTeT , YHuoH", MpasHu dakyntet, beorpan, Cpbuja;

2YHneepauTet y MpuwtuHu - Kocoscka Mutposuua, Megnumtcku dpakyntet, Kocoscka Mutposuua, Cpbuja

CAMETAK

[MaHaemuja BMpYyca KOpoHa APACTMYHO je yTuLana Ha ApyLuTBe-
HW K1BOT MUNMjapAN Jbyau, norahajyhn yparaHCKOM jauiHOM
nojeavHe ungyctpmje. Koju he ogrosop 6utn Ha oBy 1 Moryhe
Apyre nojaee naHaemuja y 6yayhHoctn y Benvkoj mepu he
3aBUCUTW OF UHBEHTUBHOCTU UCTPaXKMBaya. IHTenekTyanHa
CBOjMHa je NPBU CUCTEM KOjU je MOHYANO OfroBope, oTBapajyh
naTeHTHe 6a3e CBMMa Koju pa3Bujajy HOBe TexHosoruje 3a
60pby npoTnB naHaemuje kouaa 19. MoTpeba 3a cpeacTBUMA
npeBeHLyje, TPETMaH1Ma 1 NleYetbeM y3pOoKoBara je Ha Xusba-
[le NCTpaXkmBama Koja y Beh noctojehm nateHTMMa Hanase
VHCNMpaLujy 1 NyT Ka HOBUM peluetnma. ObjaBrbrBatbe Ha-
YYHUX pafioBa HY Y jejHoj HayYHOj 06nacTy HUKaaa Huje 61no
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TaKO VHTEH3MBHO Kao LUTO je y MegULMHN Of Kaja je nouena
60pba NpoTrB 0BOT BUpYCa. Bpeme of noyeTka naHaemuje Bui-
pyca noKasaso je Aa Cy HayKa 1 MIHOBaTOPU CMPEMHU 3a TaKBe
13a30Be, anu rnobanHa 34paBCTBEHA KPU3a je Mpea cMcTem
VHTENEKTYasHe CBOjUHE HaMETHYJa HOBY M3a30B, KOjii Ce Ofi-
HOCH Ha CTPMKTHO CNpoBONetbe HeHVX NpaBa y TPeHYTKY Kaaa
je HeonxopfaH 6p3 1 rnobanaH edekar, Kako He 61 JoLwo Ao
Ja/bUX NMOropluatba ycnen Aasber LpKynucama Bupyca mehy
CTaHOBHMLUTBOM, LUTO HEVM30CTAaBHO JOBOAV A0 MojaBe HOBUX
cojeBa Bupyca.

KrbyuHe peun: naHgemuja; Kosua 19; nHTeneKTyanHa CBojuHa;
ayTopcKa npaBa; NaTeHTn
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A new book entitled Great Women in the Great
War written by Slavica Popovi¢ Filipovi¢ has re-
cently been published by Mali Nemo (Pancevo).
The editors are Milan Orli¢, Dusko Lopandié¢
and Danica M. Savi¢, the reviewer is Dr. Veljko
Todorovi¢ and the designer is Jelena Basta. The
book is skillfully enriched with translations by
Bob Filipovich.

This outstanding publication is a result of
extended research not only in the history of
Serbian medicine, but in the areas of the history
of the Great War, international medical mis-
sions, remembrance, cultural diplomacy, his-
tory of the suffragette movement, humanitar-
ian and philanthropic work as well. This book
is the crowning achievement of many years of
research and publishing works by Mrs. Popovié
Filipovi¢, who had previously published scores
of her scientific papers that encompassed the
above topics.

Knowing that the place and role of women
in the history of World War I have been tra-
ditionally marginalized, as pointed out by the
author in the Introduction, this book gives a
significant contribution to our understanding
of these brave women who willingly risked
their own lives in order to help others in need.

This research project involved reviewing ex-
tensive archived materials, many original docu-
ments, correspondence, hand-written diaries,
and photographs in various archives around
the world, as well as in private collections. The
author, having crisscrossed the Mediterranean,
the Atlantic and the Pacific, has gathered and
presented valuable documentation about
Serbian and foreign women doctors, British
suffragettes, Scottish, American, Australian and
Canadian women humanists, a French count-
ess, a Russian noblewoman, writers, painters,
journalists, titled Ladies, and heroines from
faraway countries and continents.

These exceptional women shared wartime
suffering with the Serbian people and its army

in the midst of world war events: the typhoid
epidemics in Serbia; the exodus through the
Albanian mountains; the exile on the island
of Corfu (Greece); the heroic battles at the
Salonika front. Tunisia, Algeria, Corsica,
Russian front, and Dobrudja (Romania) were
blessed by their presence and immeasurable
help as well. This book is, therefore, a remark-
able evidence of the dedicated affection and
strenuous work of over 2000 women doctors,
nurses, orderlies, and humanists, who served in
the hospitals of the Serbian Red Cross Society,
the Scottish Women’s Hospitals (SWH), the
hospitals of the Serbian Relief Fund (SRF), the
Allied Red Cross Units, and other voluntary
humanitarian organizations in Serbia itself
and in exile — during the Great War and after-
wards, too. Mrs. Popovi¢ Filipovi¢ has carefully
selected twenty-one of them as representatives
and shaped their biographies into twenty-one
memorable chapters.

Thus, the book provides the reader with new
information about the translator and human-
ist Ljubica Lukovi¢, President of the Serbian
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Women’s Society “Kolo srpskih sestara” in the Balkan Wars
and World War I (Chapter 1); Dr. Andelija Al. Jaksi¢, a
woman doctor in the Balkan Wars (Sabac, Serbia) and the
Great War (Kragujevac, Serbia) as well as in exile in Paris
(France), who was awarded the Order of St. Sava and the
French Gold Medal (Chapter 2); the Scottish surgeon and
suffragette Dr. Elsie Maud Inglis, the founder and head
of the Scottish Women’s Hospitals (Chapter 3); Dr. Isabel
Galloway Emslie, Lady Hutton, a Scottish doctor, who
was awarded the Order of St. Sava and the Russian Order
of St. Anna and who volunteered with SWH in France,
Gevgelia (North Macedonia), Salonika (Greece), but also
in Vranje (Serbia) after the liberation (Chapter 4). The
sagas of extraordinary ladies continue with Honorable
Evelina Haverfield, a Scottish baroness and a member of
SWH in Serbia during the typhoid epidemic, who rests
in peace in Serbia — Bajina Basta (Chapter 5); Nadezda
Petrovi¢, a famous woman painter, humanist and an or-
derly in the Balkan Wars and the Great War (Chapter
6); Delfa Ivani¢, a humanist, bearer of the International
Charity Medal Florence Nightingale (Chapter 7); Rosalie
Slaughter Morton, an American doctor at the Salonika
Front and a generous philanthropist in war-torn Serbia
after the war, who was awarded numerous Serbian and
foreign state and church medals (Chapter 8); Dame Louise
Margaret Leila Wemyss Paget — Lady Paget, a British vol-
unteer nurse in Serbia, who headed the First Unit of the
Serbian Relief Fund and was granted the First Grade of the
Order of St. Sava (Chapter 9); Mrs. Gertrude Carrington
Wilde, a member of the SRF Committee and a great friend
of the Serbian people in war and peace (Chapter 10);
Mrs. Hannah Hankin Hardy, the founder of the National
League of Serbian Women (in Kragujevac, Serbia, Feb.
1915) and the holder of the Order of St. Sava (Chapter
11); Helen Losanitch Frothingham, a representative of
the Serbian Red Cross Mission in America and Canada
during the Great War, who, together with her husband
John Frothingham, organized several homes for war or-
phans after the war (Chapter 12); Dr. Agnes Bennett, an
Australian from Sydney, the head of the America Unit
of SWH at the Salonika front and after the victorious
battle of Kaymakchalan (Chapter 13); Lena Aleksandra
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Jovici¢, a writer, translator and a humanist, who was fol-
lowing the story of her family (Chapter 14); Mabel Annie
St. Clair Stobart, the head of the Third Unit of SRF in
Kragujevac (Serbia) and the commander of the so-called
“Flying Unit” during the Great Retreat (Chapter 15);
Olive King, an Australian who wore medals instead of
brooches and the Serbian national cap instead of a ladies’
hat (Chapter 16); French countess Marie de Chabannes la
Palice, who worked at the First Serbian Surgical Hospital at
the Salonika Front (Chapter 17); Madam Mabel Gordon-
Dunlop Gruji¢, an American - a great lady of grace, who
remained with the Serbian people for years (Chapter 18);
Aleksandra Pavlovna Hartvig, a Russian aristocrat in the
humanitarian mission in Serbia in the Balkan Wars and
the Great War (Chapter 19); Dr. Slavka Mihajlovi¢ Klisi¢,
awoman doctor and a poet in the service of her homeland
in war and peace (Chapter 20); and Dr. Harriet Macmillan
Cockburn, a Canadian woman doctor in the Third Unit of
SRF in Serbia, who took part in the retreat (Chapter 21).

Taking into account that the Introduction is written
in English, that all chapters are followed by an extensive
resume in English, that the quotations in the English lan-
guage are retained in their original form and that there is
also a bilingual Names Index, this reference book is read-
ily available to a wide range of both domestic and foreign
researchers. As it abounds in relevant details, it may serve
as a valuable resource for many libraries and archives. A
wider public and lovers of this genre will certainly embrace
the opportunity to learn about the lives and deeds of the
heroines from Mrs. Popovi¢ Filipovi¢s book.

To write about the great women in the Great War is
a limitless topic, and the moral obligation to save their
names from oblivion should remain a constant. Their
admirable energy, enthusiasm, professionalism, unself-
ishness, devotion and persistence can be most deeply felt
by the ones who possess the same qualities. Hence, we
highly recommend this book by Mrs. Popovi¢ Filipovi¢
and emphasize that nowadays and in the years to come,
our gratitude to the heroines from the glorious past should
always be accompanied by our gratitude to those who write
about them in such a knowledgeable and warm manner.
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CONGRESS AND SCIENTIFIC MEETING REPORT /
M3BELLUTAJ CA KOHIPECA N HAYYHOTI CKYNA

Digest of the round table titled “Medicine and
engineering: An inexhaustible source of challenges
for cooperation between medical doctors and

engineers”

Bojana Obradovic'?, Ljubica Bukanovié

'University of Belgrade, Faculty of Technology and Metallurgy, Belgrade, Serbia;
?Academy of Engineering Sciences of Serbia, Belgrade, Serbia;
*Academy of Medical Sciences of Serbian Medical Society, Belgrade, Serbia

The Academy of Medical Sciences of the
Serbian Medical Society (AMS-SMS) and the
Academy of Engineering Sciences of Serbia
(AESS) have successfully organized the first
joint scientific meeting — the round table titled
“Medicine and Engineering: An Inexhaustible
Source of Challenges for the Cooperation of
Doctors and Engineers” held in Belgrade,
Serbia on June 24, 2021.

At the opening of the meeting (Figure 1),
presidents of the academies greeted the audi-
ence and expressed their satisfaction that AMS-
SMS and AESS have signed a protocol on coop-
eration in 2020. Prof. Ljubica Pukanovi¢, the
AMS-SMS president pointed out the goals of
the meeting as to inform our scientific com-
munity about the established cooperation and
to illustrate, by several lectures, how wide the
cooperation field of engineers and doctors is.
Prof. Branko Kovacevi¢, the AESS president,
added that the aim of the cooperation is not
only to contribute to the multidisciplinary col-
laboration, but also to undertake activities that
would lead to the realization of the appropri-
ate place of national academies in the scientific
community of Serbia.

The program of the meeting consisted of five
lectures covering different fields of biomedical
engineering.

Prof. Dr. Nenad Ignjatovi¢ (Institute of
Technical Sciences of the Serbian Academy of
Science and Arts; AESS) presented the lecture
“A bridge over the great challenges in medicine:
connecting doctors and engineers” showing the
research on calcium phosphate-based nanopar-
ticles designed at the molecular level for use
in reconstructive, preventive, regenerative and
cancer medicine. Joint teams composed of engi-
neers and medical doctors participated in this
scientific research. The synthesized nanopar-
ticles have been successfully used as carri-
ers of vitamins and antibiotics in bone tissue

engineering; as a basis for contrast agents in
multimodal imaging techniques; as scaffolds
and carriers of stem cells and vehicles for de-
livery of steroid drugs as well as for targeting
breast cancer cells.

Prof. Emeritus Miroljub Adzi¢ (University
of Belgrade, Faculty of Mechanical Engineering;
AESS) aroused the interest of the audience with
his lecture “Lesser-known connections between
mechanical engineering and medicine”. He pre-
sented research aimed to find a harmless liq-
uid insecticide acting so to physically stop the
flight of insects. The focus was on mosquitoes,
the main vectors in transmitting vector-borne
diseases, which have evolved into brilliant fly-
ing machines with exceptional sensors and be-
havior. The wings and body are hydrophobic
due to the specific microstructure. Detailed
calculations of flight dynamics, strength and
wing deformation under the action of surface
stresses depending on physical properties of the
applied liquid were performed. Tying at least
one drop 0.1 mm in diameter to the mosquito’s
wing would disrupt the dynamics of synchro-
nous flapping of the wings and prevent flight,
while several droplets attached to the insect’s
body block transpiration, with a possible le-
thal outcome. Based on this knowledge, a mul-
ticomponent liquid insecticide exceptionally
efficient and safe for living beings was formed,
which acts exclusively physically, preventing
the flight of insects.

Vladimir Nesié, Senior Embedded Software
Engineer at the Institute Mihailo Pupin,
Belgrade, delivered the lecture “Application of
automation in medicine” presenting the pro-
duction program in the Institute and the cur-
rent level of technology applied in power plants
and traffic management. Various management
segments of thermal and hydroelectric power
plants, electrical power transmission, as well as
in traffic management were introduced. Special
attention was put on examples of development
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Figure 1. Opening of the round table titled “Medicine and Engineering: An Inexhaustible Source of Challenges for the Cooperation of Doctors
and Engineers” - the first joint meeting of the Academy of Medical Sciences of the Serbian Medical Society and the Academy of Engineering
Sciences of Serbia held on June 24, 2021 (Amphitheater of the Serbian Medical Society, Belgrade, Serbia).

of novel devices at the Institute such as Smart Blot, a device
for automatic incubation of western blot membranes, and
the first respirator designed and produced in Serbia. It was
interesting to learn how the technology used in electricity
industry was applied in the development of these devices,
which indicated possible future directions in this area.
The practice has shown that there are sufficient resources
in knowledge and professional staff (medical and engi-
neering) in Serbia for novel biomedical devices invention.
However, the main problem is the placement of domestic
medical equipment on the market, which is already pro-
tiled by the world’s leading manufacturers.

Prof. Dr. Dragan Dankuc (University of Novi Sad,
Faculty of Medicine; AMS-SMS) delivered the lecture
“Artificial inner ear” presenting the results of cochlear
implantation at the Center for Cochlear Implantation
at the Clinic for Ear, Nose and Throat Diseases, Clinical
Center of Vojvodina in which the first such successful im-
plantation in Serbia was performed in November 2002. A
cochlear implant is an electronic device, which bypasses
damaged or destroyed receptor cells and transmits electri-
cal stimulation directly to the fibers of the auditory nerve.
Such an implant provides the opportunity for patients with
severe-to-profound hearing impairments to hear again, for
children to learn to speak and to involve in everyday life
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and regular schooling. Today, cochlear implantation is the
standard treatment of severe-to-profound sensory-neural
hearing loss but it would not have been possible without
close collaboration between engineers, neurologists, oto-
rhinolaryngologists, and speech and hearing health pro-
fessionals.

Prof. Dr. Bojana Obradovi¢ (University of Belgrade,
Faculty of Technology and Metallurgy; AESS) delivered
the lecture “Biomimetic bioreactor systems for tissue and
tumor engineering” presenting the main concept and
purpose of biomimetic bioreactors, which aim to mimic
conditions in tissues and organs in vivo. These bioreactors
were initially developed for use in tissue engineering in
order to stimulate the cells to regenerate functional tissues
under in vitro conditions. Still, bioreactor cultivation of
cells in a three-dimensional environment is also significant
for cultures of cancer cells and tumor engineering that is,
complex model systems which replicate certain features of
the tumor microenvironment in vivo ultimately providing
faster and more reliable anticancer drug testing and devel-
opment of personalized medical therapies at reduced ani-
mal experimentation. Further, Prof. Obradovi¢ presented
biomimetic bioreactors developed in her research group
and the application of perfusion bioreactors in three-di-
mensional cultures of osteosarcoma and glioma cell lines in
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alginate hydrogels performed in collaboration of engineers
and molecular biologists.

Prof. Dr. Dragoslav Stamenkovi¢ (University of
Belgrade, Faculty of Dental Medicine, AMS-SMS) pre-
sented in his lecture “Biomedical engineering in dentistry”
how the digital revolution in dentistry has enabled support
to almost all clinical and laboratory procedures by digital
technologies. The progress is evident in various fields of
dentistry: medical imaging, data processing, computer-
aided production, biomaterials, education and science, as
well as in patient record management. Prof. Stamenkovi¢
illustrated this progress by presenting the results of his
scientific research and professional work. It is evident that
the increasingly integrated digital technologies in everyday
dental practice contributed to faster and more accurate
diagnosis of oral diseases as well as more precise, efficient
and for patients more comfortable clinical procedures. Just
as significant are financial savings and environmental pro-
tection.

After the lectures, a discussion with the audience was
dedicated to presented results and issues but also to some
organizational problems in this area. It was concluded that

Obradovi¢ B. and Bukanovic Lj.

regular joint meetings of experts in different fields of bio-
medical engineering are necessary. The emphasis was put
on the fact that the sporadic development and placement
of single medical devices on the market do not lead to sus-
tainable economic development. Economic sustainability
could only be achieved through the planned development
of a complete range of products with the accompanying
provision of services. Therefore, it is necessary for the two
academies to define strategic development goals in the
tield of biomedical engineering in cooperation with the
competent state institutions. It is also necessary to require
recognition and inclusion of educational profiles in bio-
medical engineering, which have been introduced at several
universities in Serbia, in the public sector jobs’ catalogue.

The meeting confirmed the justification and impor-
tance of the established cooperation between AMS-SMS
and AESS, which is expected to contribute better coopera-
tion of doctors and engineers as well as experts in other
fields to solve so far unresolved problems in the area of
biomedical engineering.

Conflict of interest: None declared.
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY YaCOMM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa MpounuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3UNjaMa, jep
YKOIMKO pyKomuc He Oyfe yckinal)eH ¢ 0BUM 3aXTeBUMa,
Ypenuumrso he ooty M OXOMTH HeroBO IMy6Iu-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a yranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca — Cprcko me-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTU UM AeIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje paoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHU
u Behe IMTHPAaHOCTY IIpeNopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOJHUIN,
OPUTVHAHM PafIoBY, IPETXOIHA U KpaTKa CaolIITeHha,
puKasy 60NeCHUKa U CTydajeBa, BU/e0-YIaHIIN, CTIMKe
U3 KIMHIYKe MeIMIIMHE, IPETIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIINHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapfa y MeIVMILMHY, N3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPVMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrnHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUIO-UIaHIN, CTIVMKe U3 KIVMHIYKe MeIUIIHE,
Iper/iefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyOIIMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3UKy (y CK/IOITy CaMoT PyKo-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTI Ha 25
mim, BeMIIMHY CTpaHNUIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor I1acyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTutu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha ewupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuMo6omn),
kopuctutu pout Symbol. I[Togauu o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM OpojeBuma y
yIIacTuM 3arpafama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, ITI04eB Off HaC/IOBHE CTPaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBMMa, a IMe VI MeCTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OMHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIMYaH HA3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, Jja /M je pajj U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTadyjyl HACTIOB VM CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBama yTHUIaja jef-
HOT VTV BUIIe CPECTaBa VM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarmba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonycy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUY IIUCAHOT
IPYCTaHKa UCIUTBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIjoM 1 ofo6perbe HaJIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE 3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAMMa. EkcriepymMenTanHa ncTpaxupama
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIIeHa Ha XXIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTUUYKOT 0f60pa yCTaHo-
Be I Tpeba fla Cy Y carllaCHOCTH C IPaBHUM CTaHJapAyMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,IlonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje Cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpeysMe OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIMCA U/ EBerOBOj KPUTUYKO]j PEBUSU)U
OJf 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCHpambe, CaKyI/balbe IoflaTaKa MIN FeHePaTHo
HafITefame ICTPaXMBauKe IPyIle CaMI 110 ce61 He MOTy
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oIpaBfiaTy ayTopcTBO. CBY APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBefleHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MMCAHY IPUCTaHAK.

INTATUJAPU3AM. Ogp 1. janyapa 2019. roguHe cBU
PYKOIIICK TOZIBPTaBajy ce MpoBepy Ha IIarujapusam/
ayromnarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PagoBu ko Kojux ce jokaxe Ina-
rujapusaM/ayTonarujapusam 6uhe ogbujenn, a ayropu
CaHKIIMOHVICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paga 6e3 ckpahennua;
IPEUIOT KPaTKOT HAac/lIoBa pajia, IIyHa IMeHa Vi ITpe3yiMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpPaHa OpojeBUMa; 3BaHMYAH
Ha3)B YCTaHOBA y KOjUMa ayTOPM pajie, MECTO M p>KaBy
(pemocnenoM Koju ofiroBapa MHAEKCHpPaHNM 6pojeBrMa
ayTopa); Ha JHY CTpaHWIIe HABECTU UMe U TIpe3NMe, afi-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3ay>KeHOT 3a KOPECTIOH/IEHIIIjY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO U KPaTKoO
CaoTIIITelbe, IPerIe] IMTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAVI[MHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOIHO M KPAaTKO CAOIIITe e CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Inmm paga, Metoze pana, Pe-
3y/nTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Mounbe 60NI0BaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUpPEKTHO [OBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma nma cnepehe genose: YBox (y IOCIENBOj pedeHUIIN
HaBecTy Imb), [IpuKkas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju nodnie 60m50-
BaHOM pednt. 3a ocTaje TUIIOBE PafjoBa ca)keTaK HeMa
OceOHY CTPYKTYPY.

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

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa VIMeHa 11 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCUpaHa OpojeBlMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo u fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefy — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha €HITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IuTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHIO-
ra (tabena, rpaduKoHa, CIIMKaA, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT Y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomliTee 06aBe3Ho Tpebda ga uMajy cnepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, Juckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, ofiroBapajyhu nognacmosy, 3akbydax, JIn-
tepaTypa. [IppouMeHoBaHM ayTOp HpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnyTara (Kao ayTop MM KOayTop)
pafoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jemaH
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpukas ciydaja wam 6onecHKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecHrka, [luckycuja, JIuteparypa. He Tpeba kopucturu
yMeHa 60JIeCHIIKa, MHMIMjae, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga sa ny6-
NIMKOBambe.

CKPAREHMIE. Kopuctutu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jefUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [JHK, cuna, XVIB,
ATTI). 3a cBaky ckpaheHUIly IyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaH#apHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHnIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDemy y TEKCTY.

TEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3¥Ma JeluMaHe OpojeBe MUcaTy ca TayKoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenuMary.

JEOVUHWITE MEPA. Jly>xuny, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAuHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIo-
BuMa. Temmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOOLIKNX, KIMHNIKIX 1 6MIOXeMMUjCKUX
Mepera HaBOJWUTHU Y METPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).
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OBVIM PAJTOBA. IlenokynHM pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

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

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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Kallyje M WIAHIY MOTyY YBPCTUTH Y pedepeHLie, ayTopu
Cy OY>KHM a UX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT Tofu-
Ha. Huje 103BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTAPUCATH Pesy/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy alICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedpepeniie unanaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby pajia 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopmmcaHnM 3axTeBrMa 3a PYKOIIVCe KOjI ce Tpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KO je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeFHIMKA MEINIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce mpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukomM HaBobemwa nmureparype
BeoMa je BaYKHO IIPUAPKABaTHU Ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHUX 4acoMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caiip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIY ¥ OFOOPIIN CBU ayTOPY KOjI HC-
IyHaBajy Mepua ayTOpCTBa, 1 3) KOHTAKT MOJATKe CBUX
aytopay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTy ca UHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mwrycrpanuja 1 ob6jaBbuBame nHpopMamja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, IIPETIUTATA 1 HAKHAJIA 3A OB-
PATY YTAHKA. Jla 6u pan 6mo o6jaB/beH y aconucy
Cpiicku apxue 3a 1enoKyiHo 1eKapcitiéo, CBU ayTOpy KOju
cy nexapu wm cromatonosu u3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHaAy 3a o6pamy
unaHaka (Article Processing Charge) y ussnocy og, 3000 mu-
Hapa. AyTOpu ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
Ia ITaTe HaKHaAy 3a obpany wianaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiara y jefiHoOj KameHaap-
CKOj TofMHM 00yXBaTa M CBe Hape[He, eBeHTYaTHe YWIaHKe,
HoCyIaTe Ha pasMaTparbe y Toj rogyHu. CBI ayTOpy KoOju

IIaTe OBY HAKHAJ[Y MOTY, YKOIMKO TO JKeJle, la MpUMajy
MTaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja ga he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pafly YWIaHKa He OTHOCK
ce Ha CTyfleHTe OCHOBHMX CTY/¥ja VI Ha TIPETIUIATHMKE Ha
JacoIuc.

YcraHoBe (TIpaBHa TUIIa) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor amIa). Y3 pyko-
mc paga Tpeba [OCTaBUTU KOIMje YIIATHUIIA 32 WiaHa-
PUHY U IIPETIVIaTy / HaKHay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUACHLINjY O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opafy YWiaHKa
(y TaxBuM cry4ajeBuMa HOTPe6HO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IPUIO3K Y3
Paji IOCTaBIbajy ce MCKIbYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YacOMMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ncnymaBa ycloBe OBOT YIIYT-
cTBa He MOXKe 6utu yyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoMyHe 1 ucnpase. [IpnpkaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y 4acoIcy,
mTo he MO3UTUBHO YyTULIATH Ha KBAaINTET WIaHAKa U pe-
TOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe fomaTHe MHpOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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enclosures including captions and legends (tables, photo-
graphs, graphs, schemes, sketches), title page and summary
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articles, review articles and articles on history of medicine,
and 3,000 words for case reports, preliminary and short
communications, current topics, articles for practitioners,
educational articles and articles for “Language of medicine”,
congress and scientific meeting reports; for any other sec-
tion maximum is 1,500 words.

Video-articles are to last 5-7 minutes and need to be
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with a separate summary (up to 350 words), a single still/
photograph as an illustration of the video, and a statement
signed by the technical staff renouncing copyrights in favor
of the paper’s authors. To check the required number of
words in the manuscript, please use the menu Tools- Word
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then the original photos should be scanned in 300 dpi,
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able in the electronic version of the paper as a PowerPoint
presentation (every figure needs to be numbered and be
accompanied by legend). Video-enclosures (illustrations
of a paper) can last 1-3 minutes and are submitted in the
flv format. Along with the video, a still/photograph repre-
sentative of the video is also needed, as it will be used as a
placeholder in the electronic version of the paper, and as
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If the manuscript is entirely in the Serbian language, pho-
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Photographs may be printed and published in color, but
possible additional expenses are to be covered by the authors.
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graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
The text in the graphs should be typed in Times New Roman.
Abbreviations used in graphs should be explained in the
legend below the respective graph. In the printed versions of
papers, graphs are generally published in black-and-white;
therefore, it is suggested to avoid the use of colors in graphs,
or to utilize colors of significant difference in brightness.

If the manuscript is entirely in the Serbian language, graphs
and corresponding legend should be both in Serbian and
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SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
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If the manuscript is entirely in the Serbian language, schemes
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