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The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy pasoBu €wiaHoBa CpIICKOT JIeKapCKOT ApYyIITBa,
TIPETI/IATHMKA YacOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEVMIMHCKIX ¥ CPOTHIX
crpyka. O6jasbyjy ce: yBOIHMIIM, OPUTVMHATHYA PajIOBH, IIPETXO/{HA I KPATKa ca-
OINIITEH:A, IIPUKa3y 6O/IECHNKA U CTy4ajeBa, BULIeO-WIAHIIN, CIUKe U3 KIIMHIIKe
MeJIVIHe, TIPET/Ie{HN PajIOBY, aKTye/THe TeMe, PAJIOBM 3a IIPAKCY, PajIOBY U3
uCTOpUje MeUIIMHE Y je3VKa MeMIIHE, MeIUIIMHCKE eTVKE VI PeryaTOPHUX
CTaHZap/a y MeIMIMHM, M3BEIITaj) Ca KOHTPeca I HayYHMX CKYNOBa, TNYHA
CTaBOBU, HAPYYEHM KOMEHTAPH, MCMA YPENHNUKY, IPUKa3U KIbUra, CTPyIHe
BeCTU, In memoriam n gpyru npuao3mu.

CBU PyKOIICH KOji Ce pa3MaTpajy 3a ITamiame y ,,CPIIcKkoM apX1By 3a
1e/IOKYITHO IeKapCTBO He MOTY Jia Ce IOofHeCy uin Aa 6yny pasMaTpaHu 3a
my6/mKoBarbe Ha ApyruM MecTuMa. PajioBy He cMejy fia Oy/y peTXOHO ITaM-
TIaHM Ha IPYTUM MeCTUMA (IeIMMIIHO M/ Y IOTIIYHOCTH).

ITpucneny pykormc Ypehusauku o6op mame perieH3eHTIIMa pajiyt CTPyYHe
nporieHe. YKONMMKO PelleH3eHTH IIPefIoyKe M3MeHe VI JIONTyHe, KOTIija pelleH-
3uje ce JOCTaB/ba ayTOPY C MONIOOM JIa YHece TpaykeHe M3MeHe Y TeKCT pajia U
Jla apryMEeHTOBaHO 0OPas/IOKI CBOje Hec/arame ¢ npuMef6amMa peleHseHTa.
KonauHy ofryKy o mpyuxBaramy pajia 3a IITaMITy JJOHOCHU IJTaBHU VI OTOBOPHM
YPEIHUK.

3a o6jaB/beHe paiose ce He ucrahyje XoHopap, a ayTOpcKa Ipasa ce Ipe-
HOCe Ha u3fjaBaya. Pyxomvcu u mpunosu ce ve Bpahajy. 3a penpopykuujy mim
IIOHOBHO 00jaB/blBatbe HEKOT CeTMeHTa pajia My6/mMKoBaHor y ,,Cprickom ap-
XVBY" HEOIIXOJIHA je CAIJTACHOCT M37laBayva.

PajioBu ce mTaMmnajy Ha eHITIECKOM j€3UKY Ca KPaTKMM Cafip>KajeM Ha eH-
I7IeCKOM 1 cprickoM jesuky (hupwnia), OTHOCHO Ha CPIICKOM je3MKY, ca KpaT-
KIM Cafip)KajeM Ha CPIICKOM U €HITIECKOM je3UKY.

AyTOpyM MpyUXBarajy IOTIYHY OATOBOPHOCT 3a TAYHOCT Ie/IOKYITHOT Cajip-
aja pykomnuca. Marepujan nmy6nukaipyje IpefcTaB/ba MUAIUbEE ayToOpa I
HIIje HY)XHO 0fipa3 Mulijberba CpIICKOT leKapcKor ApyiuTsa. C 063upom Ha
6p3 HaIpeaK MeUIMHCKe HayqHe 06/1aCTH, KOPUCHULY Tpeba [ja He3aBICHO
npolewyjy nHbOpMaLujy Ipe Hero LITO je KOPUCTE UK Ce Ha Y 0C/Iabajy.
CpIIcKo JTeKapCKo APYLITBO, ypeaHuk uin Ypehusauku ogbop ,,Cprckor ap-
XVBa 32 L[e/IOKYITHO IEKapCTBO He IPMUXBATajy 611710 KAaKBY OATOBOPHOCT 32
HaBOJie y pajioByuMa. PekmaMun matepujai Tpeba fja 6yzie y CKIafy ¢ e TM9KUM
(MemMIIMHCKMM) ¥ TIPAaBHUM CTaHAAapAMUMa. PekTaMHI MaTepuja yK/bydeH y
0Baj 9acOMIC He TAPAHTYje KBATUTET WM BPEJHOCT OT/IAIIEHOT TPOM3BO/A,
OJJHOCHO TBpJjHbe Ipou3Bohaua.

ITopiHeceHM PYKOIINC IIOIpa3yMeBa fia je HheroBo Iy0mKoBame of1o6puo
OJIrOBOPHI Ay TOPUTET YCTAaHOBE Y KOjOj je MCTpakuBambe 00aB/beHo. VismaBay
ce Hehe cMaTpaTu IPaBHO OrOBOPHMM Y C/Iy4ajy IOJHOLIEHa GUIO KaKBOT
3axTeBa 3a KoMiensanujy. Tpe6a fia ce HaBey CBM U3BOPM UHAHCHPaAKba Pajia.

Cpncxu apXNB 3a IETIOKYITHO TeKaPCTBO je Yacomic CPIICKOT IeKapCKOT
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SUMMARY

Introduction/Objective The application of nickel-titanium (NiTi) instruments in cleaning and shaping
of the root canal system is a standard and a precondition for the success of endodontic treatment.

The objective of this study was to use scanning electron microscopy (SEM) analysis in order to examine
the efficiency of cleaning the apical third of the root canal system using two different NiTi systems with
reciprocating movements.

Methods The study included 20 single-rooted teeth (premolars) divided into two groups. In group 1,
the canal preparation was realized with a single file UNICONE with reciprocating movements (MEDIN,
Inc., Nové Mésto na Moravé, Czech Republic), and in group 2, with a RECIPROC BLUE instrument with
reciprocating movements (VDW GmbH, Munich, Germany). The same quantities of 2% NaOCl solution
and 17% EDTA solution were used as irrigation solutions. The samples prepared for SEM analysis of the
smear layer in the apical third were evaluated on a scale of 1-5 and at a magnification of 1,000x.
Results SEM analysis pointed to mostly clean canal walls in the apical segment in both tested groups.
Slightly cleaner walls were observed after the application of the UNICONE file (78%) compared to the
samples of the second group, where the instrumentation was realized by the RECIPROC BLUE file (76%),
but without statistically significant differences.

Conclusion Single-file reciprocating systems do not remove the smear layer completely, but provide
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efficient cleaning of the apical region of the canal.
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INTRODUCTION

The preparation of the root canal system is one
of the most important stages in endodontic
therapy, and the application of nickel-titanium
(NiT1i) instruments in the cleaning and shaping
of the canal is a standard and a prerequisite
for the success of endodontic treatment [1].
Adequate root canal preparation increases the
efficiency of irrigants and medicines and ensures
satisfactory geometry and canal dimensions for
better quality of the obturation [2].

Problems related to frequent fractures and
deformations of NiTi rotating instruments during
the preparation influenced the introduction of
new systems and concepts of preparation that
are based on changing the dynamics of move-
ment and reducing the number of instruments
necessary for adequate cleaning and shaping of
the canal (2, 3, 4].

A system of preparation based on the appli-
cation of NiTi instruments with reciprocating
movements, and the fact that these systems
are most commonly presented with only one
instrument, showed new possibilities in the
instrumentation [2, 5, 6, 7]. The reciprocating
movements of the instrument (based on the
technique of balanced forces ) imply alternating
rotation of the instrument in the direction of
counterclockwise movement and much shorter
movement in the clockwise direction, which

significantly reduces torsional stress and cycli-
cal fatigue, and thus the possibility of breakage
of the instrument during preparation [2, 8, 9].

The research indicates that reciprocating
movements do not diminish the cutting ef-
ficiency of the files and that the quality of the
preparation depends primarily on the design of
the working part of the instrument, the cross-
section, the material from which it was made,
and the special treatment of the alloy and the
surface of the working part of the file [2, 3, 5,
10]. Cutting efficiency can be reduced only
due to prolonged clinical use [11]. The studies
also confirmed that the files with reciprocating
movements are able to design both straight
and curved canals equally well, thanks to the
cross-section of the file, the M-Wire alloy, and
the reciprocating kinematics [5, 12].

The concept of preparation by a single instru-
ment significantly reduces preparation time, but
also allows endodontists to devote more time
to irrigation techniques in order to increase
the efficiency of cleaning and disinfection of
a complex canal system [3, 5, 13]. Endodontic
practice confirms that the fundamental cleaning
of the canal system is difficult to achieve and
that the particular problem is the apical segment
of the canal [2, 3, 5].

The data on the effects of files with reciprocat-
ing movements on the quality of cleaning and
removing the smear layer from the canal walls
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are relatively scarce and mostly indicate similar findings
with NiTi full rotation systems [10, 14, 15, 16].

The objective of this study was to use scanning electron
microscopy (SEM) analysis in order to examine the efficiency
of cleaning the apical third of the root canal system using
two different NiTi systems with reciprocating movements.

The null hypothesis of this study is that there will be no
significant differences in the amount of the smear layer in
different reciprocating systems with a single file.

METHODS

The study included 20 single-rooted teeth (premolars) ex-
tracted due to periodontal problems. The study was realized
with the permission of the Ethics Committee of the School
of Dental Medicine in Belgrade, 36/6, January 10, 2013.

With all the teeth, after the formation of the access
cavity on the occlusal surface of the teeth, a certain work-
ing length is determined (1 mm shorter than the length at
which the top of the instrument appears at the apex). At
the top of each root, a pink wax bead is placed in order for
the preparation to be carried out under the conditions that
are most closely related to the clinical situation. The teeth
were then randomly divided into two groups (10 teeth).

In the first group, the canal preparation was realized with
a single instrument Unicone with reciprocating movements
(MEDIN, Inc., Nové Mésto na Moravé, Czech Republic),
sizes 25/06. After examining the passage through the hand
instrument (ISO 15), the canal was filled with 0.5 ml of a 2%
NaOClI solution (Chloraxid 2%, PPH Cercamed, Stalowa
Wola, Poland) and the instrument was placed at the work-
ing length (3-5 times) with gentle pulling movements.
After extracting the instrument, the remaining amount
of NaOCl solution (0.5 ml) was applied into the canal.
Then, a 17% EDTA solution (Calcinase, EDTA solution,
Lege Artis, Pharma GmbH, Dettenhausen, Germany) was
placed into the canal and with the same movements (3-5
times) was further placed at the working length (1 ml). The
final rinsing was done with additional 2 ml of 2% NaOCl
solution. The preparation was carried out by Endo A Class
endomotor (MEDIN, Inc.).

In the second group, the canal preparation was also
realized with a single instrument RECIPROC Blue with
reciprocating movements (VDW GmbH, Munich, Germany),
sizes 25/08, in the same way as in the first group. The
preparation in this group was realized by the VDW Silver
endomotor (VDW Gmbh).

SEM analysis

After the completion of instrumentation, the dental crowns
were cut in the cementoenamel junction, so that the remain-
ing root length was 10 mm. The roots were then separated
into halves (20 in each group) by a diamond disc and a chisel.

Only the apical third of the root (region of 3 mm from
the boundary of the preparation) was selected for analysis,
so that five standard microphotographs (a total of 200
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images) were made for each sample on magnification of
1000x (JSM 6460LV; JEOL Ltd., Tokyo, Japan).

The presence of the smear layer in the apical third of the
canal was evaluated according to the criteria of Hiilsmann
etal. [16]:

score 1 — no smear layer, dentine tubules are open;

score 2 — some smear layer, several tubules are open;

score 3 — a homogeneous smear layer covers the wall, a
few tubules are open;

score 4 — the entire wall of the canal is covered with a
smear layer, there are no open tubules;

score 5 — non-homogenous smear layer covers the entire
wall of the canal.

The analysis and the scoring of the saved microphoto-
graphs were done by two independent researchers. In the
event of disagreement, the discussion lasted until consensus
was reached.

The clean wall of the canal included scores 1 and 2 and
the wall with the present smear layer included scores 3,
4,and 5.

The results were processed in IBM SPSS Statistics,
Version 20.0 (IBM Corp., Armonk, NY, USA) and the
descriptive statistics method and the x* test were used in
the statistical analysis.

RESULTS
The obtained results are shown in Tables 1, 2, and 3 and
in Figures 1 and 2.

Table 1. The average values of the smear layer in the apical third of
the canal

Score of smear layer
Instrument =
n X SD | Med. | Min. | Max.
Unicone 100 | 1.88 | 0.89 2 1
Group | RECIPROC Blue 100 | 2.04 | 1.04 2 1
Total 200 | 1.96 | 097 | 2 1

Table 2. Results of the smear layer in the apical third of the canal

Score of smear layer
Instrument Total
1 2 3 4 5
) n 40 38 16 6 0 100
Unicone
% 40 38 16 6 0 100
Group
RECIPROC | n 34 42 14 6 4 100
Blue % 34 42 14 6 4 100
n 74 80 30 12 4 200
Total
% | 37 40 15 6 2 100

Table 3. Results of cleaning quality in the apical third of the canal

Score of smear layer
Instrument Total
Clean canal Smeared

. N 78 22 100

Unicone
% 78 22 100

Group

RECIPROC | N 76 24 100
Blue % 76 24 100
Total N 154 46 200

SEM analysis of the canal walls showed that no recipro-
cating motion system provided complete cleaning in the
apical third. The average values of the smear layer were

www.srpskiarhiv.rs ‘
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Figure 1. Microphotography of the apical third of the canal after prepa-
ration with UNICONE file, score 1, SEM x1,000

similar and slightly lower in the first group, where the
instrumentation was realized with the Unicone instrument
(1.88), compared to the second group, where the RECIPROC
Blue instrument (2.04) was used (Table 1).

The obtained results indicated somewhat cleaner walls of
the apical part of the canal (scores 1 and 2) in the samples
of the first group and after the application of the Unicone
instrument (78%), compared to the samples of the second
group and the instrumentation with the RECIPROC Blue
file (76%) (Tables 2 and 3).

The presence of the smear layer in the first group
(Unicone) was most often rated as score 1 (40%) (Figure
1), followed by 2 (38%), 3 (16%), and 4 (6%). No sample was
rated as score 5 (Table 2). In the second group, (RECIPROC
Blue), the presence of the smear layer was most often rated
as score 2 (42%) (Figure 2), followed by 1 (34%), 3 (14%),
4(6%), and 5 (4%).

DISCUSSION

An effective endodontic treatment involves the complete
elimination of microorganisms from the canal system and
the prevention of reinfection with adequate mechanical
instrumentation, irrigation, and medication [13, 17].
Numerous studies confirm that efficient canal cleaning
is difficult to achieve and that the quality of cleaning is
reduced starting from the crown and the middle part of the
canal according to the apical segment, primarily because
of the inaccessibility and inadequate diameter of the apex
preparation, i.e. the reduced effect of the irrigation solution
[5, 14,17, 18, 19].

The main objective of this study was to analyze the
effects of two different systems with reciprocating move-
ments on the quality of the cleaning of the apical part of
the canal and examine the effects of individual files in the
removal of the smear layer. The endodontic procedure
was performed by a practitioner on simple canal systems,
using the same amounts of irrigation solution (NaOCl and
EDTA - which are considered to be the gold standards in
chemomechanical canal preparation), and instruments
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Figure 2. Microphotography of the apical third of the canal after prepa-
ration with RECIPROC Blue file, score 2, SEM x1,000

with reciprocating movements (Unicone, RECIPROC Blue)
were used according to the manufacturer’s instructions and
standardized irrigation procedure (the same amount and
time) for each canal in both experimental groups [5, 14, 20].

The null hypothesis of this study was accepted, because
the files with reciprocating movements produced similar
amounts of the smear layer in the apical third of the canal
in both tested groups.

In the literature, there are few studies that examined
the efficiency of the files with reciprocating movements
in removing the smear layer [3, 14, 21, 22, 23]. The results
indicate that these files have similar cleaning effects to in-
struments with full rotation and cannot provide complete
cleaning of the canal system [2, 3, 21, 23].

It was also confirmed that the efficiency of the cutting of
tiles with reciprocating movements is not influenced by the
dynamics of the movement of the instruments in the canal,
but primarily by the design of the working part [2, 14, 22].

An attempt to align nearly all the parameters that may
be of importance for the formation of the smear layer
(the same diameter of the apex preparation — ISO 25, the
same time and the amount of irrigants, the same irrigation
technique) was made in this study, so that the decisive role
in interpreting the obtained results was assigned precisely
to the instruments used for the preparation of the canal.

The results of these studies pointed to a rather equable
but somewhat lower average value of the smear layer in
the apical part of the canal after the application of the
UNICONE file. Primarily, this could be explained by the
design of the working part of the instrument and by the
fact that larger spaces between the blades in the instru-
ments with reciprocating movements allow more efficient
elimination of the dentin debris [2, 5, 21]. These findings
coincide with the results of the research where the effi-
ciency of cleaning of two systems with a single file, one
with full rotation and one with reciprocating movements,
was examined [3, 23]. The UNICONE reciprocating file
with a specific design of the working part and a different
helix angle that allows efficient cutting (triangular cross-
section, thermal treatment of the alloy), exceptional flex-
ibility, and improvement of the possibility of eliminating
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dentine debris during the canal instrumentation was used
in this study [2, 7, 8, 24].

The working part of the RECIPROC Blue file has an
‘S’ cross-sectional shape and three different horizontal
cross-sections along the working part, which, along with an
inactive top, increases the efficiency of cutting and debris
removal. The instrument tracks the path of least resistance
in the canal, so it is usually not necessary to create a canal
passage by hand instruments [3, 22, 25, 26].

The study by Biirklein et al. [5] confirmed that continu-
ous rotation instruments produce more smear layers and
debris than systems with reciprocating movements, while
SEM analysis by Poggio et al. [14] indicates that files with
reciprocating movements cause the formation of larger
amounts of the smear layer on the canal walls. A well-
packed smear layer is explained by the dynamics of the
instrument’s movement in the canal, the reduced effect of
the irrigation solution (shorter operating time for systems
with one instrument), and the fact that the effect of cutting
can be reduced by repeated clinical use [11, 14, 27].

The concept of canal preparation with reciprocating sys-
tems with a single instrument pointed to certain advantages
(related to speed, safety, reduced fracture) in comparison
with full-rotation systems with multiple instruments [2, 3,
5, 11], but also disadvantages that include shortened irriga-
tion time, reduced efficiency of the chemical debridement
of the canal system, and slightly more pronounced apical
extrusion of dentin debris [3, 11, 26, 28].
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the canal walls [2, 22, 28].

The studies confirm that reciprocating single-file systems
provide fast and effective canal shaping with the preserva-
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CONCLUSION

Within the limits of this study and based on the analyzed
parameters, it can be concluded that NiTi single-file and
reciprocating movement systems do not remove the smear
layer completely, but provide effective cleaning of the apical
third of the canal. A small amount of the smear layer in the
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E¢MKaCHOCT yuwherwa KaHana UHCTPYMEHTUMaA Ca peLnnpoYHUM NOKPETUMa

- ctyamja CEM

CnaBorby6 Kuskosuh, JeneHa Hewwkosuh, MapujaHa Monosuh-bajuh, Munnua MegojeBuh-JoBaHosuh
YHuBep3uteT y beorpagy, CromatonoLku ¢pakyntet, KnuHuka 3a 6onectu 3y6a, beorpap, Cpbuja

CAMETAK

YBoa/Unsb [prmeHa nHCTpymeHaTa of ierype HUKA-TUTaHujym
(NiTi) y umwhetby 1 06nMKoBatby KaHarna je CTaHaapg v npegy-
CJI0B 3a yCMnex eHAO[OHTCKOr TpeTMaHa.

Liurb oBor papga je 6vo ga ce aHanu3om ckeHupajyhum
enekTPoHCKMM Mukpockonom (CEM) npoBepm eprikacHocT
ynwhera anukanHe TpehrHe KaHana NPYIMEHOM fiBa pa3nui-
ynta NiTi cuctema ca peLnpoYHM NOKPeTUMA.

Mertope Y nctpaxuBarbe je yKibyuyeHo 20 jeAHOKopeHux 3yba
(NpeTKyTHaKa) noaerbeHrx y ABe rpyne. lpenapadyja kaHana
y NPBOj rpynu je peanv3oBaHa jeAHOM TYPrnMjoM ca peLmnpoy-
Hum nokpetma UNICONE (MEDIN, Hose MjecTto y MopaBcKoj,
Yewwka), a y Apyroj MHCTPYMEHTOM Ca PELMIPOYHUM NOKPETIMA
RECIPROC BLUE (VDW Gmbh, MunxeH, Hemauka). Kao pacTso-
pv 3a npuraumjy KopuiwheHe cy ncte KonuuvHe 2% pacteopa

DOI: https://doi.org/10.2298/SARH190412002Z

NaOCl v 17% pacTBop EDTA. Y30pum NpunpembeHr 3a aHanmsy
CEM pa3masHor cnoja y anvikanHoj TpehuHu cy eBonyrpaHu
npema ckanu 1-5 n Ha ysenuyary og 1000x.

Pesyntatmn AHanu3a CEM je yka3ana Ha yrnaBHOM YnCTe 31i40Be
KaHana y anekcHom cermeHTy y obe TectrpaHe rpyne. HewTto
YMCTUjK 3MJOBU YOUeHH Cy nocne npumeHe Typnuje UNICON
(78%) y omHOCY Ha y30pKe Apyre rpyne, rae je UHCTPYMeHTa-
uuja peanuoBaHa Typnujom RECIPROC BLUE (76%), anu 6e3
CTAaTUCTUYKM 3HAYajHNX PasiKa.

3aKsbyuak PeLiinpounmn cnctemm ca jeRHOM Typrvjom He YK-
nabajy NoTNyHO pa3masHu coj, anu obe3behyjy edrkacHo
unwhetbe anuKanHe peruvje KaHana.

KrbyuHe peun: unwhetbe; pasmasHu C/1oj; peLunpoyHu Nokpe-
7; CEM; NiTi nHctpymeHTH
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SUMMARY

Introduction/Objective Due to a very high mortality risk, acute-on-chronic liver failure (ACLF) patients
require early identification and intensive treatment. Precise prediction is crucial for determining the urgency
degree and therapy appropriateness, considering high mortality and multitude of clinical resources.

The aim of our study was to determine the exact cut-off values of various prognostic scores in the
prediction of morality of ACLF.

Methods This prospective study includes chronic liver disease (CLD) patients, admitted due to decompen-
sation, that were subsequently diagnosed with ACLF at the Emergency unit. All patients were evaluated
based on various prognostic scores, including Child-Pugh, MELD Na, MELD, SOFA, APACHE Il, and CLIF
C, which were calculated on admission.

Results Alcoholic liver disease (ALD) was the most common underlying CLD cause (77.9%), followed by
viral (8.6%), autoimmune (7.7%), and other causes (5.8%). A total of 37.5% of the patients died at the end
of the first month of treatment. Average values of Child—-Pugh, MELD Na, MELD, SOFA, APACHE Il, and
CLIF C scores were significantly higher in patients who died compared to survivors (p < 0.05). CLIF C score
showed the best performance with a cut-off value of 50.5, with a sensitivity of 94.9% and specificity of 40%.
Conclusion ACLF remains a condition with a high short-term mortality. Of all of the scores examined in
our study, CLIF C proved to be the best scoring system for predicting short term and end of treatment

mortality in patients with ACLF.

Keywords: liver failure; ACLF; prognosis; mortality; scores

INTRODUCTION

Outcome of cirrhotic patients with acute de-
compensation (AD) is highly linked to pos-
sibility of developing acute-on-chronic liver
failure (ACLF) [1, 2]. Introduced in recent
years, ACLF is a relatively new term, with sev-
eral definitions [1, 3, 4]. The joint American
Association for the Study of Liver Disease and
European Association for the Study of the Liver
(AASLD/EASL) identifies ACLF as a syndrome
with a high mortality rate, which includes the
subgroup of cirrhotic patients who develop
organ failure, with/without an identifiable
precipitating event, such as variceal bleeding,
acute alcoholism or infection [1, 5]. Research-
ers from the EASL - Chronic Liver Failure
Consortium (CLIF) prospectively studied
patients with chronic liver disease (CLD) and
AD, and found that patients with AD who had
organ failure and high 28-day mortality rates,
could be diagnosed with ACLF [1, 2, 6, 7]. Due
to a very high risk of mortality, ACLF patients
require early identification and intensive treat-
ment [7, 8, 9]. Mortality in patients with two
organ failures goes up to 32%, and rises to ap-
proximately 80% if three or more organ systems

fail [10]. In contrast, patients with no organ
failure (no ACLF) have a 28-day mortality of
approximately 5% [6, 10].

Numerous prognostic scores have been
assessed for predicting outcome in ACLF pa-
tients [11, 12]. Acute physiology and chronic
health evaluation II (APACHE II), Child-Pugh
score (CP), model for end-stage liver disease
(MELD), model for end-stage liver disease
sodium (MELD Na), sequential organ failure
assessment (SOFA), and chronic liver failure
- sequential organ failure assessment (CLIF-
SOFA) are most often used scores in clinical
practice [2, 11, 12]. Namely, these scores were
developed to assist in clinical decision-making,
and should be improved continuously, in order
to increase accuracy in outcome prediction of
these patients [2, 12, 13]. Precise prediction
is crucial for determining adequate therapy
because of high mortality and multitude of
clinical resources [2, 10]. Outcome prediction
in ACLF is not only important for assessing
survival in intensive care units, but also for
evaluating which patients are in need of cura-
tive liver transplant. Furthermore, insufficient
number of donor organs make accuracy even
more important [2].
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The aim of our study was to determine the exact cut-off
values of various prognostic scores in the prediction of mo-
rality of ACLF patients, and to define which of the score is
the most reliable in determining ACLF patients’ prognosis.

METHODS

This prospective study included CLD patients admitted
due to AD and subsequently diagnosed with ACLF at the
Emergency Unit, Department of Gastroenterology and
Hepatology, Clinical Center of Serbia, Belgrade, Serbia,
from January 1, 2015 to July 1, 2016. All patients had previ-
ously diagnosed CLD or cirrhosis. The diagnosis of CLD
or cirrhosis was established either histologically when
available, or with a combination of clinical and laboratory
findings, and imaging [14]. AD included any of the fol-
lowing: presence of ascites, gastrointestinal (GI) bleeding,
hepatic encephalopathy and/or acute bacterial infections
[2]. Exclusion criteria were: absence of any CLD, presence
of hepatocellular carcinoma, presence of severe chronic
extra-hepatic disease, admission due to other chronic ill-
ness, human immunodeficiency virus infection, chronic
decompensation of end-stage liver disease, less than 28
days of follow-up and incomplete data [15]. All the pa-
tients gave their written informed consent for inclusion
in the study

This study protocol was done in accordance with the
ethical principles of the Declaration of Helsinki and was
approved by the institutional Committee on Ethics of the
Clinical Center of Serbia (18.11.2014; 1393/9).

Acute-on-chronic liver failure definition and types

ACLF was defined according to the EASL-CLIF Consor-
tium definition in accordance with the CLIF-SOFA organ
failure score, as: liver failure: serum bilirubin > 12 mg/dl;
renal failure: serum creatinine > 2 mg/dl; cerebral failure:
grade III-IV hepatic encephalopathy (West Haven clas-
sification); coagulation fajlure: international normalized
ratio > 2.5; circulatory failure: use of vasoconstrictors to
treat severe arterial hypotension (use of vasoconstriction
for the treatment of type 1 hepatorenal syndrome in pa-
tients without severe hypotension not included); respira-
tory failure: PaO,/FiO, > 200 or SpO,/FiO, > 214 [16].
Renal dysfunction was diagnosed when serum creatinine
ranged 1.5-1.9 mg/dl; cerebral dysfunction was diagnosed
in patients with grade I or grade II hepatic encephalopathy.
Type 1 ACLF was defined by the presence of renal fail-
ure alone or by any other type of single system failure, if
associated with renal dysfunction and/or cerebral dysfunc-
tion. Type II ACLF was defined by the presence of two and
type III ACLF was defined by 3-6 organ failures [2, 14].

Patients’ clinical and biochemical parameters
Alcoholic liver disease (ALD) was considered as the un-
derlying CLD if there was a positive history of alcohol

consumption of at least 50 g per day for the previous five
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years. Positive hepatitis B surface antigen (HBsAg) or anti-
hepatitis C antibodies defined viral etiology. Autoimmune
etiology including, autoimmune hepatitis, primary biliary
cholangitis, and primary sclerosing cholangitis, was diag-
nosed using specific antibodies. The remaining study cases
had liver cirrhosis of other etiology, including non-alcoholic
steatohepatitis, Wilson's disease, a-1 antitrypsin deficiency,
hemochromatosis and cryptogenic, and were thus classi-
fied as other. The following clinical variables were collected:
age, sex, etiology of cirrhosis, blood pressure, mean arte-
rial pressure, heart rate, body temperature, respiratory rate,
SpO,/FiO, ratio, neurological status (Glasgow coma scale).

All patients underwent laboratory evaluation at ad-
mission, and the following tests were performed: white
blood cell count, platelet count, hematocrit, aspartate
aminotransferase, alanine aminotransferase, gamma-glu-
tamyltransferase, serum electrolyte levels, creatinine, in-
ternational normalized ratio, prothrombin time, albumin,
C-reactive protein, venous lactate, and total bilirubin [4].

Prognostic scores and follow-up

The patients were monitored until the end of the hospital
treatment at our department, and up to 60 days after hos-
pital discharge. To determine short-term mortality, day
28, or the day of lethal outcome was analyzed and patients
were defined as either survivors or non-survivors based
on in-hospital death within the follow-up period. Values
of prognostic scores at admission were analyzed in cor-
relation to the type of insult (GI bleeding versus non-GI
bleeding) [2]. All patients were evaluated based on various
prognostic scores, including CP, MELD Na, MELD, SOFA,
APACHE 11, and CLIF C, which were calculated at the
time of admission by previously reported formulas [4, 16].

Statistical analysis

For normal variables, mean and standard deviations were
calculated; y* test and independent-sample t-test were used
to assess the differences between the groups; p-values less
then 0.05 were considered statistically significant. The
performance of the MELD Na, MELD, SOFA, APACHE
II, CLIF C, and CP score in predicting the 28-day mortal-
ity and outcome at the end of treatment was analyzed by
calculating the area under the receiver operating charac-
teristics (AUROC) curves. Based on the receiver operating
characteristic (ROC) curves, the best cut-offs points were
identified. Statistical analyses were performed using SPSS
Statistics for Windows, Version 22.0 (IBM Corp., Armonk,
NY, USA).

RESULTS

Clinical characteristics of patients

Demographic and clinical characteristics of the patients are
shown in Table 1. A total of 104 patients were included in

the study, with 74.1% being male. Mean age of the cohort
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was 60.1 + 9.9 years. ALD was the most common underly-
ing CLD (77.9%), followed by viral (8.6%), autoimmune
(7.7%), and other causes (5.8%). The acute insult for ACLF
was GI bleeding in 29.8% of the patients. Upper endoscopy
was performed in all the patients on admission, 29.8% had
variceal bleeding, treated endoscopically and/or with ap-
propriate vasoactive drugs. In patients where hemoglobin
levels were below 70 g/1, blood transfusion was adminis-
tered. Hypovolemic patients were given crystalloid solu-
tions and albumin infusion.

Other non-bleeding insults such as infection, acute
drug-induced liver injury, alcoholic hepatitis, reactiva-
tion of viral hepatitis, and acute liver vascular disease
represented the remaining 70.2% of patients. Infection
was identified through laboratory tests, urine analysis,
and respective cultures. Third generation cephalosporins
or fluoroquinolones were administered empirically, while
respective antibiograms were obtained. Vasoactive medi-
cations were therapy of choice for 30 %patients. Enteral
nutrition was administered in 50% of the patients. Acute
drug induced liver injury was treated in 10% of the pa-
tients by supportive measures while they were waiting for
liver transplant. A total of 37.5% of the patients died at
the end of the first month of treatment, while 45% needed
mechanical ventilation. By the end of the treatment, the
percentage of lethal outcomes rose to 50%.

Prognostic scores

The average values of CP, MELD Na, MELD, SOFA,
APACHE II score, and CLIF C used for prediction are
shown in Table 1. Average values of CP, MELD Na, MELD,
SOFA, APACHE II, and CLIF C scores according to the
outcome at the end of the first month are summarized in
Table 2. All average values were significantly higher in pa-
tients who died compared to survivors (p < 0.05). Based on
this statistical significance we found the cut-off values of
scores for predicting lethal outcome of patients with ACLF
at the end of the first month (Tables 3 and 4 and Figure 1).

CLIF C score showed the best performance with a cut-
off value of 50.5, which had a sensitivity of 94.9% and speci-
ficity of 40%. We also calculated the average values of the
scores examined in relation to the outcome of patients with
ACLE As with outcome after one month, there were no sta-
tistically significant differences in mean scores investigated
(p > 0.05). The average value of each individual score was
higher in the group of patients who died compared to sur-
vivors (Table 5).Based on obtained statistical significance;
we investigated the optimal values for predicting death in
patients with ACLE A ROC curve with respective AUROC
was created for all scores (Table 6 and Figure 2). For the
cut-off value of 49.5 CLIF C score, the sensitivity was 96.2%
and specificity of 42.3%, which was the best predictive value
relative to all other scores (Table 7). Average values of CP,
MELD Na, MELD, SOFA, APACHE II, and CLIF C score
depending on acute insults are shown in Table 8. There
were no statistically significant differences between the av-
erage values of the investigated scores in relation to bleeding
vs. non-bleeding insult (p > 0.05).

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):153-159

Table 1. Demographic and clinical characteristics of the patients (n = 104)

Sex

Female 27 (25.9%)
Male 77 (74.1%)
Age 60.1£9.9
Etiology of CLD

ALD 81 (77.9%)
Viral 9 (8.6%)
Autoimmune 8 (7.7%)
Other 6 (5.8%)
Bleeding insult 31 (29.8%)
Non-bleeding insult 73 (70.2%)
Outcome at 28 days

Lethal 39 (37.5%)
Survivors 65 (62.5%)

Outcome at the end of observation

Lethal 52 (50%)
Survivors 52 (50%)
Score for Prediction Mean value
Child-Pugh 1M+18
MELD Na 239+6.5
MELD 213+6.8
SOFA 95+26
APACHE II 143+£4.2
CLIFC 55.8+8.5

CLD - chronic liver disease; ALD - alcoholic liver disease; MELD Na — model
for end-stage liver disease sodium; MELD - model for end stage liver disease;
SOFA - sequential organ failure assessment; APACHE Il - acute physiology and
chronic health evaluation II; CLIF C - chronic liver failure consortium

Table 2. Average values of the investigated scores depending on the
outcome at the end of the month

Score Survived Died p-value
Child-Pugh 104+1.6 12117 <0.001
MELD Na 215+55 27.8+6.1 <0.001
MELD 185+5.2 26.1 £6.5 <0.001
SOFA 89+26 104 +2.2 0.004

APACHEII 129+3.9 16.7+£3.4 <0.001
CLIFC 51.7+58 62.6+7.8 <0.001

MELD Na - model for end stage liver disease sodium; MELD — model
for end-stage liver disease; SOFA - sequential organ failure assessment;
APACHE Il - acute physiology and chronic health evaluation II;

CLIF C - chronic liver failure consortium

Table 3. Cut off values of scores in predicting lethal outcome of pa-
tients with ACLF at the end of the first month

Score Cut-off Sensitivity (%) | Specificity (%)
Child-Pugh 9.5 92.3 26.2
MELD Na 20.5 87.2 47.7
MELD 18.5 87.2 523
SOFA 8.5 84.6 44.6
APACHE II 12.5 923 46.2
CLIFC 50.5 94.9 40

MELD Na - model for end stage liver disease sodium; MELD - model for
end-stage liver disease; SOFA - sequential organ failure assessment;
APACHE Il - acute physiology and chronic health evaluation II;

CLIF C - chronic liver failure consortium
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Table 4. Area under the receiver operating curve values for scores of
other test scores

Score AUROC
Child-Pugh 0.760
MELD Na 0.796
MELD 0.843
SOFA 0.714
APACHE Il 0.778
CLIF C 0.867

AUROC - area under the receiver operating curve; MELD Na - model for
end-stage liver disease sodium; MELD - model for end stage liver disease;
SOFA - sequential organ failure assessment; APACHE Il - acute physiology and
chronic health evaluation II; CLIF C - chronic liver failure consortium

Table 5. The mean value of the scores examined in relation to the final
outcome of patients

Score Survived Died p-value
Child-Pugh 104+£1.6 1M1.7£1.7 <0.001
MELD Na 20.7 £44 27.1+£6.7 <0.001
MELD 17.4+35 252+7.1 <0.001
SOFA 88+27 10.1+2.2 <0.001
APACHE II 12.7 £4.1 16+3.6 <0.001
CLIFC 506 +5.6 60.9 +7.7 <0.001

MELD Na - model for end-stage liver disease sodium; MELD — model for
end-stage liver disease; SOFA - sequential organ failure assessment; APACHE
Il - acute physiology and chronic health evaluation II; CLIF C - chronic liver
failure consortium

Table 6. Area under the receiver operating curve values for prognosis
scores

Score AUROC
Child-Pugh 0.710
MELD Na 0.785
MELD 0.840
SOFA 0.691
APACHE I 0.744
CLIFC 0.859

AUROC - area under the receiver operating curve; MELD Na - model for
end-stage liver disease sodium; MELD — model for end stage liver disease;
SOFA - sequential organ failure assessment; APACHE Il — acute physiology and
chronic health evaluation II; CLIF C - chronic liver failure consortium

Table 7. Cut-off values, sensitivity, and specificity for predicting death
in patients with ACLF

Score Cut off Sensitivity (%) | Specificity (%)
Child-Pugh 9.5 86.5 25
MELD Na 18.5 88.5 32.7
MELD 15.5 90.4 34.6
SOFA 7.5 86.5 26.9
APACHE II 11.5 923 38.5
CLIFC 49.5 96.2 423

ACLF - acute-on-chronic liver failure; MELD Na — model for end-stage liver
disease sodium; MELD - model for end stage liver disease; SOFA - sequential
organ failure assessment; APACHE Il - acute physiology and chronic health
evaluation II; CLIF C - chronic liver failure consortium

DISCUSSION

Prognosis in ACLF patients is influenced by the extent of
acute injury and the degree of hepatic functional reserve.
It is important to note that although ACLF represents a
curable dynamic syndrome, it has a very unpredictable
clinical course, which may improve or worsen in the span
of 1-2 days or 2-4 weeks [2, 17].
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Table 8. Average values of Child—Pugh, MELD Na, MELD, SOFA, APACHE Il
score and CLIF C according to bleeding vs. non-bleeding insult (n = 104).

Score Bleeding insult | Non-bleeding p-value
insult
Child-Pugh 10.7£2 11.2+£1.7 0.279
MELD Na 222+59 246+6.6 0.086
MELD 20.2+6.6 21.8+6.9 0.269
SOFA 9.1+26 9.6+2.6 0.351
APACHE Il 140+4 145+43 0.634
CLIFC 559+93 557 +8.2 0.943

MELD Na - model for end stage liver disease sodium; MELD - model for
end-stage liver disease; SOFA - sequential organ failure assessment;
APACHE Il - acute physiology and chronic health evaluation II;

CLIF C - chronic liver failure consortium
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Figure 1. The area under the receiver operating characteristic curve
for the following prognostic scores in patients with acute-on-chronic
liver failure for prediction of lethal outcome at the end of the month
MELD Na - model for end stage liver disease sodium; MELD - model for
end-stage liver disease; SOFA - sequential organ failure assessment; APACHE

Il - acute physiology and chronic health evaluation II; CLIF C - chronic liver
failure consortium
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Figure 2. The area under the receiver operating characteristic curve
for the following prognostic scores in patients with acute-on-chronic
liver failure for prediction of lethal outcome at the end of treatment
MELD Na - model for end stage liver disease sodium; MELD — model for
end-stage liver disease; SOFA - sequential organ failure assessment; APACHE

Il - acute physiology and chronic health evaluation II; CLIF C — chronic liver
failure consortium
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In our study, approximately a half of the patients had
a lethal outcome and the 28-day mortality was 37.5%, in-
dicating that ACLF patients have a very high short-term
morality rate. Previous studies have also demonstrated that
ACLF is a serious and challenging condition with a very
high short-term mortality [2, 6-9]

The mean age in our cohort was 60.1 + 9.9, which is
similar to the previous study of Mikolasevi¢ et al. [7], but
different from the study of Dhiman et al. [18], where the
mean age was 46 + 13 years. We can explain the differences
by the large number of patients with ALD, where the onset
of the disease was usually at an older age. Our cohort was
predominantly of male sex, which is similar to studies of
Dhiman et al. [18] and Amarapurkar et al. [19].

The most common cause of cirrhosis in our cohort
was ALD (79.16%), which is consistent with study of
Mikolasevi¢ et al. [7]. We also found that bleeding was
the most common precipitating event, seen in 29.8% of
our patients. Dominguez et al. [20] had similar rates of
bleeding, while Dupont et al. [21] reported higher bleeding
rates (47%). Furthermore, higher occurrence of bleeding as
the precipitating event to ACLF was seen in patients with
diagnosed hepatorenal syndrome [22].

Previous studies have compared different prognostic
scores in order to determine which has the best predic-
tive value [23]. Patients with lethal outcome had signifi-
cantly higher values of all observed scores on admission
compared to other patients. We strove to determine the
optimal cut-off value for predicting 28-day mortality of
each individual score, and to detect which score is the most
reliable one in prediction of short-term mortality.

For the prediction of 28-day mortality, CP score had a
cut-off of 9.5 with the sensitivity and specificity of 92.3%
and 26.2%, respectively; while the AUROC was 0.760,
which is similar to a study conducted by Mikolasevi¢ et
al. [7], where AUROC for CP in the prediction of short
term mortality was 0.707.

In our study, MELD score had a cut-off point of 18.5
with a sensitivity and specificity of 87.2% and 47.7%, re-
spectively; with the AUROC 0.843 which was significantly
higher than Mikolasevi¢ et al. [7], observed. Namely, AU-
ROC for the MELD score in their study was 0.687. More-
over, a number of studies confirmed that MELD score is
discrimination factor similar to SOFA and APACHE II [8].

For MELD-Na, the best cut-off value was 20.5, with a
sensitivity and specificity of 87.2% and 47.7%, respectively.
In our study, AUROC was 0.796. Mikolasevi¢ et al. [7] had
an AUROC for MELD-Na of 0.687. MELD-Na score thus
also proved to be just as good in predicting short-term
mortality and mortality end of treatment.

SOFA score at a cut-off of eight had the sensitivity and
specificity of 84.6% and 44.6%, respectively with an AU-
ROC of 0.714. In the studies conducted by Mikolasevi¢ et
al. [7],the AUROC for the SOFA score was 0.616, which
was lower than our results. However, Lee et al. [9] report-
ed AUROC of 0.876, which is higher than our results, in
predicting short-term mortality. Moreover, Lee et al. [9]
showed that CLIF-SOFA is good in predicting short-term

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):153-159

mortality within the first four weeks of an acute episode.
Silva et al. [8], showed that the SOFA score was less infe-
rior in predicting 30-day mortality when compared to the
MELD and CP score with AUROC values of 0.777, 0.829
and 0.793 respectively, which is similar to our results.

For the APACHE 1II score, the best cut-off value was
12.5 with a sensitivity and specificity of 92.3% and 46.2%
and an AUROC of 0.778. The AUROC for the APACHE II
score evidenced by Mikolasevi¢ et al. [7], was 0.878, while
in studies conducted by Duseja et al. [24, 25], APACHE
II score had the highest predictive value with an AUROC
of 0.74, as compared to the MELD (AUROC 0.67), CP
(AUROC 0.61) and SOFA scores (AUROC 0.65). Cholon-
gitas et al. [26] estimated SOFA, APACHE II, MELD and
CP scores and determined the best AUROC using SOFA
(0.83), followed by MELD (0.81) and APACHE II (0.78),
in the prediction of six week mortality. Better results in
predicting mortality using the APACHE II score can be
explained by the fact that in the APACHE II score included
several physiological variables, thus encompassing more
organ dysfunction values when calculated in contrast
to other prognostic scores. Some studies imply that the
APACHE II is the best predictive scoring system, owing
to the fact that in ACLF the prognosis is determined by
the degree of multiple organ dysfunction and not solely by
the severity of liver failure [4]. Predicting end of treatment
mortality with the APACHE II score was best achieved
with a cut-off value of 11.5, with a sensitivity and specific-
ity of 92.3% and 38.5% and an AUROC of 0.744.

CLIF-C score proved to be the best predictor of mor-
tality with a cut-off value of 50.5, sensitivity of 94.9% and
specificity of 40%, and an AUROC value of 0.867. Based
on data from the CANONIC study, a prognostic score for
specifically for ACLF evolved and was named the “CLIF
CONSORTIUM score for ACLF” (CLIF-C ACLFs) [16].
This score is the result of combining “CLIF-Consortium
Organ Failure score (CLIF C-OF) (designed for the di-
agnosis of ACLF), and two other independent predictors
of mortality namely, age and white blood cell count [16].
Thus, the CLIF-C ACLFs score demonstrated a higher
predictive accuracy than MELD, MELD-Na, and CP. The
best cut-off value for predicting mortality at the end of
treatment was of 49.5, with sensitivity of 96.2%, specificity
of 42.3%, and an AUROC of 0.859.

Similar to other conducted studies, we did not found a
significant difference between the average scores compared
to the precipitating insult [11].

CONCLUSION

The results of our study showed that ACLF remains a con-
dition with high short-term mortality. Of all of the scores
examined in our study, CLIF-C proved to be the best scor-
ing system for predicting short-term and end of treatment

mortality in patients with ACLE
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MpoueHa ncxoaa neyerba 60n1eCHMKA Ca aKYTU3ALMUjOM XPOHUYHE MHCYPULMjeHLmje

jeTpe NMPUMEHOM KIMHUYKUX CKOPOBaA

Tamapa MunosaHoBuh'? Munuua Crojkosuh-flanowesnh? Catba [parawesnh'?, HeseHa Jounh? Mapko bapanui?,

Wrop Oymnh**, Anekcangpa Masnosuh-Mapkosuh'?

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

2KnuHnuku yeHTap Cpbuje, KnuHuka 3a ractpoeHteponorujy u xenatonorujy, beorpag, Cpbuja;

3Knunnukn yeHTap Cpbuje, KnuHuka 3a Hedponorujy, beorpag, Cpbuja;

“3npaBcTBEHM cuctem KnvHuke Mejo, Onerbetbe nHTepHe meauumHe, O Knep, Buckorcut, CAL;

*MepuumHckmn dpakyntet knuHnke Mejo, Pouectep, Munecota, CA[L

CAXETAK

YBop/Lum PaHa ngeHtudukaumja n MHTEH3MBHa Tepanuja cy
HeonxofHe Kof 6onecHVKa ca akyT3aLmjoM XPOHUYHE UH-
cyduumjeHumje jetpe (AXWJ) 360r Beoma BUCOKOT pri3iiKa Of,
cmpTHocTy. MpeLr3Ha npeauKkLUmja je npecyaHa 3a ogpehrBame
CTeneHa XMTHOCTY 1 aileKBaTHOCT Tepanuje ¢ 063Mpom Ha Mop-
TaNUTET U KNNHUYKE pecypce.

Linmb Halwe cTyguje 6110 je fa 0fpeArMO TauHe rpaHyHe Bpes-
HOCTM PasfiNuUTUX MPOrHOCTUYKIMX CKOPOBA Y MPEAVKLIMjN MOP-
Tanuteta og AXWJ.

Metoge OBa npocrneKTMBHa cTyauja 0byxsaTuna je 6onecHuke
Ca XPOHMYHOM MHCYduLmjeHumjom jeTpe (XWJ) xocnuTanu3o-
BaHe 300r AeKoMMeH3aLuje U KacHuje anjarHocTnkoBaHe AXIAJ
Yy jeanHNLM NHTEH3MBHe Here. CBY 60NecHNLM Cy NPOLieHEeHN
npema pasnunTMM NPOrHOCTUYKMM CKOPOBUMA, YKIbyuyjyhn
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Yajng-Tljy, MELD Na, MELD, SOFA, APACHE Il v CLIF C, koju cy
13payyHaTu Ha npujemy.

Pe3yntatu AnkoxonHa 6onecr jeTpe 6una je Hajuelhn y3pok
XWJ (77,9%), 3aTum BUpYycHa (8,6%), aytoumyHa (7,7%) v apyra
(5,8%). YkynHo 37,5% 6onecHuKa je ympio Ha Kpajy NpBor Mece-
La neyetba. NMpoceyHe BpeaHocty Child-Pugh, MELD Na, MELD,
SOFA, APACHE Il v CLIF C cy 6une 3HauajHo Behe Kop 6onecHuKa
KOju Cy yMpnn y ogHocy Ha npexusene (p < 0,05). CLIF C ckop
je umao Haj6osbK yunHak ca rpaHnYHOM BpegHolwhy og 50,5,
ceH3uTtuBHowwhy 94,9% n cneuunduuHowwhy og 40%.
3akmyuum AXWJ npepcrasrba cTarbe ca BUCOKOM KPaTKOPO-
YyHoM cmpTHoLWhy. Of CBUX CKOPOBA KOju CY aHanu3upaHu y
Hawwoj ctyamju, CLIF C ce nokasao Kao Hajbosbun CKop 3a npe-
OVKLUWjY Kpajtber MopTanuTeTa 6onecHnka ca AXIJ.

KmbyuHe peun: nHcyduupmjeHumja jetpe; AXWJ; nportosa; mop-
TannTeT; CKOPOBHU
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SUMMARY

Introduction/Objective The precursor prostate-specific antigen (proPSA) especially its isoform p2PSA is
useful in the detection of prostate cancer (PCa). However, the prediction value of different p2PSA deriva-
tives remains unclear. The aim of the study was to compare the performance of the p2PSA, percentage
of p2PSA to free PSA (%p2PSA), prostate health index (Phi), and one prostate dimension-adjusted index,
p2PSA density (p2PSAD), with each other for PCa prediction in patients with serum PSA 10 ng/ml or less.
Methods This prospective study included patients who had undergone ultrasound-guided prostate
biopsies and p2PSA testing. The data about patients’ clinicopathological characteristics were collected
and %p2PSA, p2PSAD and Phi were calculated. Different aspect of predictive performance was assessed
using the area under the receiver operating characteristic curve (AUC), the specificities at set sensitivities,
and clinical utility using decision curve analyses (DCA).

Results PCa was diagnosed in 23 (32.4%) out of 71 patients. Results of multivariate analysis showed
that only the Phi and digital rectal examination were independent predictors of PCa. The AUC of p2PSA,
%p2PSA, p2PSAD and Phi were 76.2%, 81.5%, 88.7%, 89.6%, respectively. At pre-specified sensitivity of
90% and 95%, Phi demonstrated a greater specificity than the other p2PSA derivatives. Phi and p2PSAD
lead to the higher net benefit in DCA.

Conclusion Compared with other p2PSA derivatives Phi is the most useful parameter for selection of
the patients that do not need to be undergone to biopsy and thereby avoiding unnecessary procedures.

Received « MpummeHo:
October 18,2018

Revised - PeBusnja:
July 31,2019

Accepted - MpuxsaheHo:
September 17,2019

Online first: September 26, 2019

Correspondence to:

Miroslav M. STOJADINOVIC
Kragujevac Clinical Centre

Clinic of Urology and Nephrology
Department of Urology

Zmaj Jovina 30

34 000 Kragujevac, Serbia
midinac@gmail.com

Keywords: prostate cancer; p2PSA; prostate health index; early detection of cancer

INTRODUCTION

Prostate cancer (PCa) is the most common
cancer among European men and the sixth
primary cause of cancer-related mortality
in men worldwide [1]. Prostate biopsy is the
standard procedure for diagnosing PCa in men
with elevated serum prostate-specific antigen
(PSA) levels or abnormal findings on digital
rectal examination (DRE). Testing men for PSA
noticeably increases in the number of those un-
dergoing prostate biopsy in the past decades.
However, serum total PSA (tPSA) level itself,
in the intermediate range, lacks the specificity,
and can needlessly provoke avoidable treat-
ment complications with prostate biopsy.
Continuous efforts are being made to discov-
er novel PCa biomarkers or more complex pre-
diction tools to decrease the number of unnec-
essary biopsies. Multiple PSA derivatives have
been introduced as markers of early detection:
age-specific PSA reference ranges, percentage
of free PSA (%{PSA), PSA density (PSAD) [2].
Early evidence suggests that measurement of the
PSA precursor isoform [-2]proPSA (p2PSA),
which is predominantly expressed in malignant
prostate tissue, and its derivatives (p2PSA/free

PSA [%p2PSA] and prostate health index [Phi]),
can offer improvement of PCa detection and
management [3]. Phi is calculated by math-
ematical formula using total PSA, free PSA
and [-2]proPSA. Large studies from around
the world have consistently demonstrated that
P2PSA derivatives both independently and in
the models expressed by nomograms, artificial
neural networks, or risk calculators adds to
specificity and ensures a greater net benefit for
PCa diagnostics than total and %fPSA [4-11].
Epstein criteria in predicting insignificant PCa
cancer have improved prognostic performance
by P2PSA derivatives in men capable for active
surveillance [12]. Furthermore, p2PSA and its
derivatives may correlate with pathologic can-
cer features after radical prostatectomy or dis-
criminate whether PCa is clinically significant
or indolent [4, 5, 9, 13, 14]. However, some
studies did not demonstrate benefit for clinical
decision-making and these complex prediction
tools are not usually used in daily clinical prac-
tice [13]. To overcome this issue, a few other
studies have been used prostate dimension-
adjusted related indices such as p2PSA density
(p2PSAD), %p2PSA density (%p2PSAD) and
Phi density (PhiD) [14, 15]. In addition, the
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prediction value of different p2PSA derivatives for detect-
ing PCa when compared to each other remains unclear.
The aim of our study was to compare the performance
of the newest p2PSA-based markers including Phi, p2PSA-
related indices (p2PSA, %p2PSA) and one prostate dimen-
sion-adjusted index (p2PSAD) with each other for PCa pre-
diction in patients with serum PSA level below 10 ng/ml.

METHODS
Patient population

This prospective study was done at the Clinical Centre
of Kragujevac, and it involved 71 patients, between May
2017 and December 2017, who had undergone ultra-
sound-guided prostate biopsies and p2PSA testing. Af-
ter obtaining institutional Ethical committee approval
(01/17/2608), we collected data about clinicopathological
characteristics for each patient as follow: age, DRE, tPSA,
%fPSA, transrectal ultrasonography (TRUS) findings,
prostate volume (PV), PSAD, p2PSA, %p2PSA, p2PSAD,
Phi, total number of cores taken, and Gleason score. All
patients signed informed consent prior to examination.
Exclusion criteria were incomplete data, serum PSA
level above 10 ng/ml, and conditions that could alter the
p2PSA concentration.

DRE were done on all examined patients. DRE was
classified as normal, or suspicious/positive. Ultrasound
examination as guidance for biopsy was performed us-
ing Toshiba Aplio 300 ultrasound device (United Medical
Instruments, Inc., San Jose, CA, USA) with 5-10-MHz
probe. After obtaining a median of ten core biopsies, it
was assessed by local pathologists. TRUS was used to
measure the gland in three dimensions, and the prostate
ellipse formula was used to calculate PV. PSAD was cal-
culated by dividing the serum PSA by PV. The primary
outcome was the detection of PCa on biopsy.

Specimens and laboratory analysis

At presentation, blood samples were collected before DRE,
TRUS or biopsy using standard techniques. Serum samples
were obtained from blood and frozen at -70°C within eight
hours for future analysis. All serum samples were thawed
at the same time and tested for tPSA, free PSA and [-2]
proPSA using UniCel DxI 600 Access Immunoassay Sys-
tem, Beckman Coulter, USA. %p2PSA was calculated us-
ing following formula: %p2PSA = p2PSA / (fPSA x 1000)
x 100; p2PSA density was calculated as ratio of p2PSA
level and PV; Phi was calculated using equation (p2PSA/
fPSA) x VPSA.

Statistical Analysis

Descriptive statistics was used to characterize patients
based on biopsy outcome. In order to identify and quan-
tify potential and independent predictors of PCa, uni-

variate and multivariate logistic regression analysis was
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performed. The results of regressions were presented in
odds ratios (ORs) with 95% confidence interval (CI).

Comparison of different p2PSA-based markers

Cut-off value, area under the receiver operating character-
istic curve (AUC) analysis, sensitivity, specificity, positive
predictive value (PPV), negative predictive value (NPV),
accuracy, Hosmer-Lemeshow statistic, and the Brier score
were calculated for each marker . The comparisons of AUC
were performed using the method proposed by DeLong
et al. [16]. We also compared the specificities of PHI at
90% and 95% sensitivities [17]. By using decision curve
analyses (DCA), clinical usefulness was assessed [18]. Net
benefit graph was calculated and made in Excel using the
recommended formula [18]. All other calculations were
performed using SPSS version 23.0 (IBM Corp., Armonk,
NY, USA). Statistical significance was set at p < 0.05.

RESULTS
Patients’ characteristics

A total of 71 patients were analyzed. The study popula-
tion included 61 (85.9%) initial biopsies, and 10 (14.1%)
repeated biopsies. PCa was detected in 23 (32.4%) patients.
Clinicopathological characteristics of patients with/without
PCaincluded in the study are shown in the Table 1. There
were no significant differences in TRUS findings between
the positive and the negative biopsy groups. However,
age, abnormal DRE, tPSA levels, PSAD, p2PSA, %P2PSA,
p2PSAD and Phi were significantly higher in patients with
PCa, while PV and %{PSA were significantly higher in the
group of patients without PCa.

The logistic regression analysis

Univariate analysis revealed that six-reference standard
tests/factors displayed significant correlation with PCa
(Table 2). Also, at univariate analyses, p2PSA, %p2PSA,
p2PSAD and Phi were significant predictors of PCa. Dur-
ing multivariable analysis, DRE and Phi have independent
prognostic value of PCa (Table 2).

Performance measure of different p2PSA-based
markers

Performance measures of different p2PSA-based mark-
ers are summarized in Table 3. AUCs of p2PSA, %p2PSA,
p2PSAD and Phi were 76.2%, 81.5%, 88.7%, 89.6%, respec-
tively (Table 3 and Figure 1). P2PSAD and Phi significantly
outperformed p2PSA and %p2PSA as judged by AUC. In
pairwise comparison of ROC curves, differences between
areas Phi and p2PSA and %p2PSA (13.4% and 8.1%, re-
spectively) were significant (p = 0.003 and p = 0.025). The
difference between the AUC of Phi and p2PSAD was not
statistically significant (p = 0.081). The sensitivity of the
test, PPV, NPV was the most optimal using Phi, while the
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Table 1. Baseline patients’ clinicopathological characteristics

Stojadinovi¢ M. M. et al.

Characteristics All(n=71) BPH (n=48) | PCa(n=23) p-value LGPCa(n=13) | HGPCa(n=10)
Age mean + SD, years 643+54 634+53 66.2+5.3 0.041 64.1£5.7 63.7+5
DRE abnormal n (%) 20(28.2) 5(10.4) 15 (65.2) 0.000 8(61.5) 7 (70)
Total PSA median (IQR) ng/ml 5(3.7) 4.4(2.8) 7.1(3) 0.012 4.8 (3.6) 7.4 (2.5)
%fPSA mean + SD 19.2+7.6 209+7.8 15.7+£5.8 0.007 17.1+£9.5 124+ 6.4
TRUS findings n (%) 33 (46.5) 19 (39.6) 14 (60.9) 0.128 6 (46.2) 8(80)
Prostate volume median (IQR), ml 50 (24) 55(25.2) 45(19) 0.004 52(23.2) 39.5(13.7)
PSAD median (IQR), ng/ml/ml 9.4 (6.5) 8 (4.1) 14.6 (8.4) < 0.001 8.5(5.7) 16 (5.6)
p2PSA median (IQR), pg/ml 14.3(11.7) 12.5(9) 19.6 (13.5) <0.001 13.7(10.9) 22.6(16.2)
%p2PSA median (IQR) 14.6 (7) 13.5(5.5) 23.8(13.7) <0.001 16.9 (16.8) 25.1(8.2)
p2PSA density median (IQR) pg/ml/ml 0.26 (0.22) 0.23(0.13) 0.5(0.37) < 0.001 0.5 (0.46) 0.49 (0.29)
Phi median (IQR) 37.1(24.9) 29.1(13.2) 54.2(31.2) <0.001 49 (26.4) 65.7 (19.8)
Number of biopsy cores median (IQR) 10 (0) 10 (0) 10 (0) 0.006 10 (1) 10(0.5)

BPH - benign prostatic hyperplasia; DRE - digital rectal examination; HG - high grade Gleason score = 7; IQR - interquartile range; LG - low grade Gleason score
< 6; PCa - prostate cancer; Phi - prostate health index; PSA - prostate-specific antigen; PSAD - prostate-specific antigen density; p2PSA - precursor prostate-
specific antigen isoform; SD - standard deviation; TRUS - transrectal ultrasound; %fPSA — percentage of free prostate-specific antigen; %p2PSA - percentage of

precursor prostate-specific antigen isoform to free prostate-specific antigen

Table 2. The logistic regression analysis of predictors for prostate cancer

Univariate Multivariable
Variables analysis p-value analysis p-value
OR (95% Cl) OR (95% CI)
Age ( .ogil(fzzo) 0.048
DRE (4.5615;1526?990) <0001 .72%212 492) | 0010
tPSA (1 .o.s:ﬂ?sﬂ) 0.010
%fPSA (0_8%8_%?97 g | 001
whme | (09340998 | 0018
PSAD (1106.1.303) | <0007
P2PSA ( 053121 g | 0001
%p2PSA a e g | <0001
p2PSAD 0 IR p | <0001
Phi (1 .06151-31(.)1 95) | <0001} .0116(1% 63) | 0024

DRE - digital rectal examination; Cl - confidential interval; OR - odds ratio;

Phi - prostate health index; PSAD - prostate-specific antigen density; p2PSA -
precursor prostate-specific antigen isoform; p2PSAD - precursor prostate-
specific antigen isoform density; tPSA - total prostate-specific antigen; %fPSA
- percentage of free prostate-specific antigen; %p2PSA - percentage of
precursor prostate-specific antigen isoform to free prostate-specific antigen

predictive accuracy was improved for about 10% (Table 3).
The Hosmer-Lemeshow goodness of fit test statistic did
not reach statistical significance, thereby demonstrating
a good fit. The Brier’s scores ranged from a low of 0.112
for the Phi, the best predictive performance, to a high of
0.179 for the p2PSA.

The specificity of serum markers at set sensitivities
of 90% and 95% are shown in Table 4. At pre-specified
sensitivity of 90% and 95%, Phi demonstrated a greater
specificity than the other p2PSA derivatives. For instance,
if sensitivity is set at 95%, the specificity of Phi was 66.7%
compared to 35.4% for p2PSAD, 31.2 for %p2PSA and 25%
for p2PSA. Furthermore, for example, using a Phi cut-off
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of 31 (95% sensitivity cut-off), 5% of PCa would have been
missed and 47% of men with benign disease would not
have been undergone to a biopsy. For comparison, 19-26%
would have been spared using other markers. Thus, an
additional 21-28% of patients could avoid biopsy using
Phi, compared to other markers.

Clinical usefulness

Figure 2 shows the results of the DCA. The main assump-
tion of biopsy is that if all patients are undergoing biopsy,
it spares them from an unfavorable outcome. DCA sug-
gested that all p2PSA derivatives are likely to be useful
for patients whose decision to pursue further intervention
is based on a predicted risk above 6-25%. However, Phi
(orange line) and p2PSAD (purple line) lead to the higher
net benefit compared with p2PSA (blue line), and %p2PSA
(green line) in various threshold probabilities above ap-
proximately 6% and 10%. For example, if a probability
threshold is set at 15%, the use of the Phi and p2PSAD
decreases the number of unnecessary biopsies by 26 and
nine per 100 patients, respectively, without missing any
of PCa. However, their curves are largely overlapping in
different threshold probabilities.

DISCUSSION

In the present study, we compared the performance of the
newest p2PSA-based markers (p2PSA, %p2PSA, p2PSAD
and Phi) to each other for PCa prediction. Our study find-
ings confirmed that Phi is the strongest discriminative pa-
rameter between patients with and without PCa at the ini-
tial or repeated biopsy, with the PSA value bellow 10 ng/ml.
Almost all statistical metrics have demonstrated improved
diagnostic performance when Phi was compared with
other markers. These findings were further confirmed when
we compared the specificities at pre-specified sensitivities
and an additional 21-28% of biopsies could be avoided.
However, the results of the DCA analysis did not confirm
the advantage of the Phi compared with the p2PSAD.
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Table 3. Predictive performance of different precursor prostate-specific antigen isoform derivatives

. p2PSA derivatives
Efficacy measure -
p2PSA %p2PSA p2PSAD Phi
Cut-off >12.74 >16.9 >0.29 >43.7
AUC (95% ClI) 76.2 (64.6-87.8) 81.5(70.2-92.8) 88.7 (79.6-97.8) 89.6 (81.7-97.4)
Sensitivity (95% Cl) 43,5 (23.2-65.5) 52.2(30.6-73.2) 56.5 (34.5-76.8) 69.6 (47.1-86.8)
Specificity (95% Cl) 91.7 (80-97.7) 93.7 (82.8-98.7) 93.7 (82.8-98.7) 93.7 (82.8-98.7)
PPV (95% Cl) 71.4 (41.9-91.6) 80(51.9-95.7) 81.2 (54.4-95.9) 84.2 (60.4-96.6)
NPV (95% Cl) 77.2 (64.2-87.3) 80.4 (67.6-89.8) 81.8(69.1-90.9) 86.5 (74.2-84.4)
Accuracy (95% Cl) 76.1 (64.5-85.4) 80.3 (69.1-88.8) 81.7 (70.7-89.9) 85.9 (75.6-93)
HL test, X2, 7.313, 11.945, 10.127, 6.503,
p-value 0.503 0.154 0.256 0.591
Brier score 0.179 0.143 0.119 0.112

AUC - area under the receiver operating characteristic curve; Cl - confidential interval; HL - Hosmer-Lemeshow; NPV - negative predictive value;
Phi - prostate health index; PPV - positive predictive value; p2PSA - precursor prostate-specific antigen isoform; p2PSAD - precursor prostate-specific antigen
isoform density; %p2PSA - percentage of precursor prostate-specific antigen isoform to free prostate-specific antigen

Table 4. The specificity for precursor prostate-specific antigen isoform and its derivatives at prespecified sensitivity of 90%, and 95%

p2PSA 9%p2PSA p2PSAD Phi
e e e e
2 Zm 3 9 2 3 T 2w g | 8 2 3 3
= S0 & s_ | = SO £ || = SO £ o | = ST 5 s_ | =
28 52 | 2328 %) Sz | 2 :B|%| %2 | £ |38 % %2 | £ 38 %
S R o |38 2 .y o |3 8 A S |3 2 A 3 8
3 ge s | = ae s || &2 s | = ae Y18 | =
[aa] [2a] 2] [aa]
47.9
52.1 354 66.7
90 | qg7720) | >127| 38 | 10| TPy |>127] 27 |10 (;g.%— >022| 37 [ 10| 5,07 o | >32 | 48 |10
354
25 312 66.7
95 | g3542) | 87| 19| 5 | (qasa7g 7125 B |5 (;g.;- >016| 26 | 5 | ooy |>316) 47 |5

Phi - prostate health index; p2PSA - precursor prostate-specific antigen isoform; p2PSAD - precursor prostate-specific antigen isoform density;
%p2PSA - percentage of precursor prostate-specific antigen isoform to free prostate-specific antigen

ROC Curves
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Figure 1. ROC curve analysis

Phi - prostate health index; p2PSA - precursor prostate-specific antigen
isoform; p2PSAD - precursor prostate-specific antigen isoform density;
%p2PSA - percentage of precursor prostate-specific antigen isoform to free
prostate-specific antigen
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Figure 2. Decision curve analysis of the effect of p2PSA and its deriva-
tives on the detection of prostate cancer

Phi - prostate health index; p2PSA - precursor prostate-specific antigen
isoform; p2PSAD - precursor prostate-specific antigen isoform density;
%p2PSA - percentage of precursor prostate-specific antigen isoform to free
prostate-specific antigen

Previous studies have determined factors related with
higher risk of PCa detection in patients with PSA bellow
10 ng/ml. They included age [6, 8, 9, 13], race [4], DRE
[8,9,11],tPSA [9, 11, 15], %fPSA [4, 9, 14, 15, 19], PV [4,
5,8,9, 11, 14], PSAD [14, 15], biopsy history [4, 5, 8, 11],
family history [4], p2PSA [4, 15], %p2PSA [9, 15], p2PSAD
[15], Phi [4, 5, 8,9, 15], and PhiD [14]. A broad variety of
different combinations of predictive factors has been iden-
tified. Like in previous studies, several of those predicting
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factors have shown statistical significance in the univariate
or multivariate analysis in our study. Nevertheless, some of
these parameters did not have value as independent factors.
According to the analysis, we found that DRE status and
Phi were strong independent predictors of PCa detection.
We have included the patients with positive DRE as has
been done in other studies [8, 9]. Our prospective study
reinforces the evidence that serum isoform p2PSA and its
derivatives, particularly Phi, could be useful for discrimi-
nating between patients with or without PCa [5, 6, 11, 14].

Unlike other p2PSA derivatives, Phi is considered a
three-component marker. The Phi test is a better tool for
clinically significant PCa identification, than its individual
components [5]. A systematic review by Pecoraro et al.
[20] that included 17 studies with 6,912 patients on Phi
concluded that Phi increases the specificity for PCa detec-
tion [20]. For p2PSA the authors reported AUC ranging
from 0.51 to 0.62, highlighting a better performance for
%p2PSA (AUC from 0.63 to 0.78) and Phi (AUC from
0.67 to 0.78) [4, 10, 19, 21, 22]. For these biomarkers, we
have found a significantly high accuracy for detecting PCa
(AUC 76.2%, 81.5%, and 89.7%, respectively) and they are
like to be more useful in PCa diagnosis.

For individual risk assessment, the probability of PCa
varied considerably depending on Phi values. However,
usage of Phi thresholds significantly varied (21.3-29.2)
among studies and many studies did not report used the
cut-offs, making difficult the generalization of the results
[4, 5, 6, 13]. The present study has a higher cut-off value for
Phi of 31.6 (the 95% sensitivity cut-off). We estimated that
47% of men with benign disease could have been spared
a biopsy and 5% of PCa would have been missed. With
similar sensitivity selection others found that avoiding un-
necessary biopsy was significantly lower (11-30%) with the
same percentage of missed cancer [4, 5, 6, 13, 21].

There are researches that have compared p2PSA and its
derivatives with other new biomarkers. Directly compared
Phi outperformed PCa antigen 3 performances when add-
ed to the Epstein criteria in order to predict the presence
of pathologically insignificant PCa [12]. Additionally, in
patients who had been undergone to radical prostatec-
tomy, p2PSA-based parameters turned out to be the most
accurate predictors for final pathology results [13, 23].
Baseline and longitudinal p2PSA and Phi determinations
are reported as significantly related to unfavorable biopsy
results in patients that are monitored with active surveil-
lance [9]. Furthermore, if Phi is added to the multivari-
able risk calculator that increases the predictive accuracy
for overall PCa, but differences between risk calculators
that include Phi were small [11]. These data suggest that
p2PSA-based markers are not only important for PCa di-
agnosis but also as predictive factors of aggressiveness and
possibly of prognosis.

Several studies have demonstrated an inverse relation-
ship between PV and the incidence of PCa. According to
the findings of some authors, PV is the most important
factor in the interpretation of biomarkers used to detect
PCa because PV has an influence in PSA values. Accord-
ingly, bigger AUCs were found for Phi, %p2PSA, %{PSA
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and tPSA in patients with small prostate volume (< 35 ml)
then in patients that had large prostate volume (> 50 ml)
[24]. It is expected that the use of PV in the structure of
p2PSAD shows better diagnostic performance compared
to one-component biomarker (p2PSA) as demonstrated in
our study. However, a comparison with a three-component
biomarker showed slightly lower performance while clini-
cal utility cannot be reliably determined due to overlapping
the DCA curve. Unlike other studies that show the same
specificity at fixed sensitivity of 95% [25], our results sug-
gest less specificity of p2PSAD compared to the specificity
of the Phi (35.4% vs. 66.7%).

The study’s limitation lies in its relatively small patient
cohort. Phi testing was recently set up and that is reason for
limited sample size. Furthermore, this analysis is restricted
by the bias introduced by false negative biopsies. Latest
studies have suggested that systematic biopsies are inferior
to extended biopsy schemes and magnetic resonance imag-
ing (MRI)-targeted biopsies for the detection of PCa [26].
However, despite the encouraging results of new markers,
the main urologist associations continue to recommend the
consideration of DRE status, prostate size, ethnicity, age,
comorbidity, family history, previous biopsy results, as well
as tPSA values before performing a biopsy, whereas other
serum biomarkers require being subject of further investi-
gation to determine their clinical usefulness [27]. However,
from a pragmatic viewpoint, all explored p2PSA deriva-
tives are potentially useful in a biopsy decision situation.
Cost-effectiveness of PCa detection is improved by using
Pp2PSA derivatives compared to second-line costs caused
if PSA-only screening approach is used [28]. Furthermore,
in the current MRI era combining p2PSA derivatives and
MRI led to even further gains in the detection of PCa that
are clinically significant [29]. To our knowledge, this is
the first time that comparison among almost all differ-
ent p2PSA derivatives has been presented. Accordingly, a
turther study with a large population is needed to evaluate
our conclusions. Despite this, the clinical utility of p2PSA
derivatives is apparent.

CONCLUSION

This is the first study aimed to determine the diagnostic
performance of different p2PSA derivatives in predicting
PCa in suspected men. Compared with other markers,
Phi was the most useful in selection of patients that do
not need to undergo biopsy, thereby avoiding unnecessary
procedures.
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Nopehere pasnnuntux gepusata p2PSA y npeaUKLMjM KapuMHOMA npocTaTe
Koa 6onecHuKa ca cepyMCKMM HUBOOM aHTMreHa cneyu@uUHOr 3a NPOCTaTy Makbum

og, 10 ng/ml

Munopag M. CrojaguHosuh', Jamiban H. Mantuh?, Mapuja B. AHhenkosuh'3, Mupocnas M. CrojaguHoBuh'2

'YHuBep3utet y KparyjesLy, OakynteT MegULMHCKNX HayKa, KparyjeBal, Cp6uja;
2KnuHnukn yeHTap Kparyjesau, KnuHuka 3a yponorujy u Hedponorujy, Yponowko ogemnetse, Kparyjesau, Cpbuja;
*Knunnukn yeHTap Kparyjeau, Operbere 6roxemuje, Kparyjesal, Cpbuja

CAXKETAK

YBog/Unm N30dopme npekypcopa aHTUreHa cneunpryHor
3a npoctaty (PSA) (p2PSA) n rberosu fepuBaTtii nokasanu cy
BpefHe pe3ynTate y AeTeKLMju KapLyrHoma npoctate. MehyTum,
npeavKTMBHA BPeAHOCT pasnnumTux gepusata p2PSA octaje
HejacHa.

Linm oBe cTyauje je na mehycobHo ynopean nepdopmaHce
P2PSA, npoLeHTyanHu ogHoc p2PSA 1 cnobogHor PSA (%p2PSA),
MHAEKC 3apaBrba npocTaTte (Phi) 1 jegaH AUMeEH3MjM NpocTaTe
npunaroheHn nHAeKC, ryctury p2PSA (p2PSAD), y npensubarby
KapLMHOMa npocTaTe Kof 0coba ca cepymMcKMM HUBooM PSA 10
ng/ml vinn marbum.

Metoge OBa NpocneKTVBHa CTyaMja YKIbyuusa je 6onecHrke
Kop KOjUX je yunrbeHa ynTpa3Bykom BoheHa buorcuja npocTate
1 Kog Kojux cy onpehuBaHe cepymcke BpepHocTy p2PSA. Mpu-
KyM/baHu Cy MOAALM O KNVHUYKO-NATONOLIKUM KapaKTeprcTy-
Kama 6onecHuKa 1 nspadyHate BpegHocTtn %p2PSA, p2PSAD n
Phi. TIpoLiebeHN Cy pasnnunTI acnekTn NPeguKTUBHUX nep-
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dopmaHcn mapkepa Kopuwherem nosba ncnog kpuse ROC,
cneundrnuHoCTV Npu npegedrHNCaHNM OKBUPUMA CEH3UTVB-
HOCTU, JOK je KIMHNYKa KOPUCHOCT NpoLietbeHa aHann3om
KpviBe OAnyuBatba.

PesynTaTtm KapumHom npoctare je ytBpheH Kog 32,4% og 71
6onecHuKa. Y MynTrBapvjaHTHOj aHanu3u camo cy Phi n guru-
TOPEeKTaHW Nperne 6unm He3aBvIcHU NpeanKTopw. BpegHocTu
nosba ucnop Kpuee ROC 3a p2PSA, %p2PSA, p2PSAD v Phi bune
cy 76,2%, 81,5%, 88,7% n 89,6%. 3a npeaedunHmcaHy ceH3u-
TBHOCT 0o 90% 1 95% Phi je nokasao Behy cneunduyHoOCT y
ofHOCY Ha pyre gepuBate p2PSA. Phin p2PSAD posoge no
Behe HETO KOPUCTW Y aHaNU3K KPMBE OfJTyuYMBatba.
3aksby4ak Y ogHocCy Ha gpyre fepuBate p2PSA, Phi ce noka-
320 HajKOPVCHMjUM Yy yTBphBatby KOA KOjux MyLiKapaLa He
Tpeba yunHuTM 6uoncujy, unme ce nsberasajy HenotpebHe
npouenype.

KrbyuHe peun: KapuynHom npoctate; p2PSA; nHAEKC 34paBsba
npocTare; paHa AeTeKLmja KapLyuHoma
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SUMMARY

Introduction/Objective Since tibial shaft is a common location of opened and closed tibial fractures, it
is very important to determine the best method of treating these fractures.

Our objective was to assess whether the Ilizarov technique is appropriate in terms of complications,
outcomes, and pain reduction in treatment of patients with tibial shaft fracture.

Methods Retrospective analysis included all consecutive patients with tibial shaft fracture treated with
the llizarov technique in the period from January 2013 to June 2017 at the Banjica Institute for Ortho-
paedic Surgery, Belgrade, Serbia. Demographic and clinical data on patients were collected. Pain was
assessed using visual analogue scale of pain. Two models of uni- and multi-variate linear regression
analysis were performed.

Results The study showed that the overall rate of complications was low, and that hypertension, admin-
istration of antibiotics, and reoperation prolonged fixation. Also, severe fractures and longer procedure
time delay mobilization. Significant reduction of pain was observed.

Conclusion The llizarov technique is a safe and reliable method in the treatment of patients with tibial
shaft fractures and is followed by pain reduction, overall improvement of functioning, good outcomes,
and is not commonly associated with complications.

Keywords: llizarov technique; tibial shaft fracture; disability; functionality; satisfaction; outcome

INTRODUCTION

Tibial shaft is a common location of opened
and closed tibial fractures. Opened tibial frac-
tures develop as a consequence of strong force
effects, usually seen in traffic accidents [1, 2].
Along with the increased use of motor vehicles
and consequential increase of trauma, it is very
important to determine the best method and
timing of treating tibial shaft fractures [3, 4].

Segmental fractures of tibia are rare, ac-
counting for only 12% of all tibial fractures. It
is not unusual for them to be associated with
different complications such as malunion and
infections. In this case, it is also inconclusive
which treatment option to choose and this issue
stays unclear and undefined [5, 6].

The generally used treatment method for
tibial shaft fractures is still an interlocking nail.
This therapeutic approach has its advantages in
terms of good mobilization of the patient and
prompt return to the usual activities. However,
some cohort studies have shown that this ap-
proach may be associated with high rate of com-
plications after the insertion of the interlocking
nail [7, 8, 9]. The alternative method primarily
for opened and complicated fractures is the
external Ilizarov fixation. This is considered to
be an efficient and safe method [6, 8, 10]. Its
unique biomechanical characteristics provide

the formation of elastic wires under the tension
and maintain stable fixation of bone fragments,
while allowing dynamization at the place of
fracture. For successful treatment, it is necessary
to put the wires under certain tension, which
should be maintained during the whole period
of treatment [11]. The weakening of tension,
loosening of wires or even their breaking add to
the instability which further causes deformities
and delayed healing of fracture.

External fixation using the Ilizarov fixator
is used for treating tibial plateau fractures as
well. The majority of the literature data indi-
cate that it is an equally efficient, if not an even
more efficient method, in the treatment of tibial
plateau fractures, compared to internal fixation
[12, 13].

However, treatment of tibial fractures using
Ilizarov fixator can be associated with certain
complications, especially in cases involving large
bone and surrounding soft tissue defects. The
most common complications include infection
of the surgical region, osteomyelitis, axial devia-
tion, delayed union or malunion [14, 15].

Considering the fact that there is no con-
sensus concerning the best surgical approach
for tibial shaft fractures and the lack of stud-
ies investigating the long-term prognosis in
patients treated with the Ilizarov fixator, the
objective of our study was to retrospectively
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analyze patients with tibial shaft fractures in terms of pain,
complications, and to determine which characteristics rep-
resent significant predictors of the postoperative course.

METHODS

In this retrospective analysis we aimed to review the post-
operative course in terms of complications, pain, and to
determine which demographic and clinical characteristics
of patients represented significant predictors of postopera-
tive course.

The study was conducted at the Banjica Institute for
orthopedic surgery, Belgrade, Serbia, in the period from
January 2013 to June 2017 and included all consecutive
patients with a radiographically confirmed tibial shaft frac-
ture treated with the Ilizarov technique. Classification of
tibial fractures was according to the Orthopedic Trauma
Association classification system. All fractures were classi-
tied as A, B, or C type, in accordance with the radiological
finding.

Demographic and clinical characteristics of patients
were obtained from their medical records. The following
characteristics were analyzed: age, sex, chronic diseases,
duration of hospitalization (in days), duration of waiting
for the procedure (in days), duration of surgical proce-
dure (in minutes), type of anesthesia, type of fracture, the
manner of injury, prophylaxis (antibiotics, nadroparin cal-
cium), complications after the procedure, as well as the
duration of fixation. Complications that were analyzed in-
cluded superficial and deep infection, nonunion, pseudo-
arthrosis, compartment syndrome, and reoperation.

Intensity of pain at the moment of admission and after
a period of recovery, that is, when the Ilizarov fixator was
removed, was assessed using visual analog scale (VAS).
VAS consisted of a continuous scale that can be horizontal
or vertical and is 100 mm in length. It is marked with two
perpendicular labels at the end of the 100 mm line that
represent the extreme values, i.e. minimal and maximal
possible pain in the last 24 hours. VAS is designed to be
filled out by the participants themselves. Scoring is per-
formed using the ruler that measures the length from the
beginning of the line to the label the participants gave,
which represents the intensity of pain from 0 to 100; higher
scores indicate higher pain intensity [16].

In order to describe the study sample, measures of de-
scriptive statistics were used: mean values, standard devia-
tion, and relative numbers (percentages). The normality of
distribution was assessed using the Kolmogorov-Smirnov
test. The differences between groups were evaluated using
the Student’s t-test. To estimate which characteristics of
the participants represent significant predictors of pain,
complications, and duration of fixation, we performed two
models of linear regression analysis. In the first model, in-
dependent variables were clinical and demographic char-
acteristics of patients, while the independent variable was
the duration of fixation. In the second model, the indepen-
dent variables were the same as in the first one, while the
dependent variable was mobilization in days. P-values less

‘ DOI: https://doi.org/10.2298/SARH190901003J

Jeremic¢ D. et al.

than 0.05 were considered statistically significant. Statistical
analysis was performed using SPSS (Statistical Package for
Social Sciences), version 22.0 (SPSS Inc, Chicago, IL, USA).

This research was approved by the Council of the
Banjica Institute for Orthopedic Surgery and the Ethical
Committee of the Faculty of Medicine, University of
Belgrade, with the decision that this type of study (retro-
spective study) does not need any written consent from
the patients since it covers the period before the research
has been initiated. However, the investigators are under
the obligation to keep all personal information on study
subjects strictly confidential. All procedures performed
in the study involving human participants were in accor-
dance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethi-
cal standards.

RESULTS

The average age at admission to the hospital was 47.8 + 16
years; 63.5% of patients were men and 36.5% were wom-
en. Diabetes mellitus was present in 12.2%, hypertension
in 28.4%, while coronary artery disease in only 2.7% of
patients.

The average duration of hospitalization was 26.5 +
13.3 days (range 13-85 days), while patients waited for
the procedure 7.5 + 8.1 days, (range 1-61), since the day
of admission.

Most of the patients received spinal anesthesia (75.7%),
block anesthesia (16.2%), while the least number of them
underwent total anesthesia (8.1%).

The average duration of surgical procedure was
68.2 + 25.8 minutes (range 30-165 minutes). None of the
patients received blood transfusion during the procedure.

In the majority of patients (70.3%), A type of fracture
occurred. However, a significant proportion of patients
(20.3%) had complicated C type of fracture, while B type
of fracture occurred in 9.5% of patients. The most frequent
manner of injuring were same level falls (67.6%), while falls
from height were the rarest manner of injuring (8.1%).
Direct force caused trauma in 10.8%, while traftic accidents
caused trauma in 13.5% of patients.

An antibiotic was administered in 24.3% of the patients,
while nadroparin calcium (Fraxiparine®, Aspen Notre-
Dame-de-Bondeville, France) was administered in the
majority of patients in the aim of thrombosis prevention
(97.3% of cases).

Considering the rate of complications, the overall rate
was low; 5.4% of patients underwent the repeated surgical
procedure and only 2.7% of patients had pseudo-arthrosis.

The highest value on VAS was observed at the place of
fracture, which was expected. This high score remained
even after removing the Ilizarov fixator. However, there
was a significant difference in pain intensity before and
after the procedure, and for each location where pain was
assessed (knee, ankle joint, place of fracture). These results
are given in Tables 1 and 2.
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Table 1. The average pain scores on the visual analogue scale (VAS)
on admission and after treatment

. At the end of the
X On admission
Pain (VAS) treatment
Mean SD Mean SD
Knee 64.52 10.15 20.27 8.97
Ankle joint 69.25 13.09 20.27 8.97
Place of fracture 81.64 10.38 23.9 10.52

Table 2. The reduction of pain during the treatment (fixation)

:?] girg?;?\i Plg)paln Mean SD t-test p

Knee 44.26 13.79 27.606 | <0.001
Ankle joint 48.11 16.97 24379 | <0.001
Place of fracture 57.63 16.14 30.723 | <0.001

VAS - visual analogue scale

Table 3 shows the results of uni- and multi-variate lin-
ear regression analysis with the duration of fixation, as
an independent variable. The average duration of fixa-

tion was 6.2 = 1.9 months. Univariate model showed that
significant predictors of the duration of therapy, i.e. the
duration of fixation, were the presence of hypertension
(p = 0.057), antibiotic prophylaxis (p = 0.029), repeated
surgical procedure (p < 0.001), and the presence of pseudo-
arthrosis (p = 0.002). These variables entered the model of
multivariate linear regression analysis where all variables,
except pseudo-arthrosis, remained the significant predic-
tors of the duration of fixation. Patients with hypertension
(p = 0.040) were at greater risk of longer therapy dura-
tion, as well as those who were on an antibiotic therapy
(p=0.012) and those who underwent the repeated surgical
procedure (p = 0.021).

The results of uni- and multi-variate linear regression
analysis with the mobilization as a dependent variable are
shown in Table 4. The average time of mobilization was
1.3 + 0.5 days. Univariate linear regression analysis has
shown that the duration of procedure, type of fracture,
and the manner of injury are significant predictors for

Table 3. Uni- and multi-variate regression analysis with the duration of fixation as an independent variable

) Univariate linear regression analysis Multivariate linear regression analysis
Independent variable — . — "
B coefficient IR p B coefficient IR p

Sex -0.049 -1.115-0.735 0.683

Age 0.214 -0.002-0.053 0.069

Diabetes mellitus 0.167 -0.379-2.302 0.157

Hypertension 0.225 -0.023-1.901 0.057 0.220 0.045-1.792 0.040
Coronary vascular disease -0.130 -4.219-1.211 0.273

Other 0.047 -0.911-1.357 0.696

Total duration of hospitalization 0.165 -0.010-0.057 0.162

Waiting for the intervention -0.036 -0.071-0.041 0.594

Type of anaesthesia 0.081 -0.472-0.964 0.497

Duration of procedure 1.023 -0.008-0.026 0.310

Type of fracture 0.140 -0.220-0.869 0.239

Manner of injury 0.061 -0.296-0.504 0.606

Antibiotics 0.255 0.117-2.122 0.029 0.261 0.258-2.034 0.012
Fraxiparine -0.137 -4.294-1.132 0.249

Reoperation 0.451 1.190-5.496 <0.001 0.345 0.447-5.237 0.021
Pseudo-arthrosis 0.359 1.595-6.707 0.002 0.79 -2.030-4.721 0.429

Table 4. Uni- and multi-variate linear regression analysis with mobilization as independent variable

) Univariate linear regression analysis Multivariate linear regression analysis

Independent variable — —
B coefficient IR* p B coefficient IR* p

Sex 0.171 -0.060-0.395 0.146
Age -0.180 -0.112-0.001 0.124
Diabetes mellitus -0.178 -0.593-0.076 0.128
Hypertension -0.069 -0.319-0.173 0.557
Coronary vascular disease -0.119 -1.028-0.333 0312
Other 0.020 -0.260-0.307 0.868
Total duration of hospitalization 0.956 -0.004-0.012 0.324
Waiting for the intervention 0.158 -0.004-0.023 0.178
Type of anaesthesia -0.098 -0.254-0.104 0.408
Duration of procedure 0.445 0.004-0.012 <0.001 0.385 0.004-0.011 <0.001
Type of fracture 0.512 0.181-0.417 <0.001 4113 0.004-0.011 <0.001
Manner of injury 0.242 0.006-0.200 0.037 0.061 -0.082-0.087 0.952
Antibiotics 0.061 -0.191-0.326 0.605
Fraxiparine® 0.119 -0.333-1.028 0312
Reoperation -0.044 -0.548-0.398 0.707
Pseudo-arthrosis -0.119 -1.028-0.333 0.312
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mobilization time (p < 0.001, p < 0.001, and p = 0.037,
respectively). These three variables entered the model of
multivariate linear regression analysis, which showed that
the duration of procedure and the type of fracture were
independent predictors of mobilization, while the man-
ner of injury has not remained significant (p = 0.952).
Patients with more severe fractures (p < 0.001) and those
who underwent longer procedures could stand on their
feet later, compared to those with shorter procedure times
(p < 0.001).

DISCUSSION

We observed that the overall rate of complications in our
study was low, with only 5% of patients undergoing repeat-
ed surgical procedure and about 2% with pseudo-arthrosis.
There were no other complications observed. In the study
by Lan et al. [17], which investigated the outcomes after the
lengthening procedure, and compared the Ilizarov tech-
nique with nailing, one of the outcome measures after the
Ilizarov technique was also the complications rate. They
followed the rate of pin-site infections and deep infections.
The rate of pin-site or superficial infections was about 2%,
and there were no deep infections observed. Our results
are in concordance with this study. Pin sites may become
colonized with bacteria and much shorter time needed for
external fixation may be the possible explanation for low
rate of infections in this group of patients. In other studies,
the rates of infections were 1.7-21%, but bony union rates
were high only when the nail was inserted after the initial
external fixation, for high energy and opened tibial frac-
tures [18, 19, 20]. However, in the study by Lan et al. [17],
all tibiae were well vascularized, which could also be an
explanation to the low rate of infection. In our sample, the
majority of cases were non-complicated fractures, which is
a possible explanation for the findings. However, we had
a significant percentage of complicated fractures without
any infection as a complication and this goes in favor of the
Ilizarov technique, in terms of safety and good outcomes.

Some authors found that nonunion represented a rel-
atively frequent complication. Surgery to treat pseudo-
arthrosis and nonunion is difficult and can be a serious
problem, followed by severe complications [21, 22]. In their
study, Gulabi et al. [23] stated that nonunion was the result
of closed fractures in two patients and opened fractures
in three patients. Our results are in accordance with these
studies, considering the fact that in our sample nonunion
was a result of complicated fracture.

In the study by Sen et al. [24], the rate of complications
was 2.08% per patient. Other studies reported the rate of
2.2 complications per patient and 2.5 complications per
patient, respectively [25, 26]. The study by Gulabi et al.
[23] reported the rate of 2.6 complications per patient, but
most of them were minor and could be resolved without
any additional surgical procedure. Only one patient had
deep chronic bone infection, so he had to be re-operated.
Although in our study the rate of complications was not
calculated per patient, the overall rate was presented so
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the results could not be adequately compared. We can
conclude that in all the studies using the Ilizarov external
fixation, the rate of complications was low and our results
are in accordance to theirs. This further implicates that
the Ilizarov fixation method is safe and provides good re-
sults. In addition, the results of Meleppuram and Ibrahim
[27] showed the similar rate of complications per patient,
which was 1.6.

Tibial fractures range from low-energy injures, like in
women with osteoporosis, to high-energy injures with se-
vere soft tissue damage, along with bone trauma. The most
common clinical finding associated with tibial fracture is
soft tissue damage. This injury is particularly serious when
there is metaphysial-diaphyseal dissociation. The treat-
ment of such injures with external fixation dramatically
improved results. The advantage of the Ilizarov fixator over
closed fixation is that it allows closed reduction, minimal
soft tissue damage, early mobilization, and a minor pro-
cedure of removal of the Ilizarov fixator [28]. Our results
are in concordance with these particular findings. We have
also shown that complicated fractures and longer duration
of the procedure postponed mobilization time. However,
we could not compare our results with previously men-
tioned study since the authors have not investigated the
predictors of faster mobilization.

Early removal of external fixation reduces the risk of
complications, i.e. the risk of infections, and allows earlier
rehabilitation [23]. One of the objectives of our study was
to show how certain demographic and clinical characteris-
tics of patients influence the length of fixator carrying — the
time of fixator removal. We have shown that patients with
hypertension, those who received antibiotic therapy, and
those who underwent repeated surgical procedures were
at greater risk of later removal of fixation. In other words,
we may say that complications (repeated procedure in our
sample) delay the removal of fixation and that further leads
to other complications, such as infections.

The Ilizarov technique offers an effective and safe man-
ner of treating some of the most challenging conditions
in orthopedics, such as complicated fractures, infected
fractures, or nonunions of tibia. In our study, the average
duration of fixation was about six months, which is slightly
shorter than in the study by Meleppuram and Ibrahim
[27], who showed that the average duration of fixation
was 8-10 months. Some studies have shown that smoking
had negative effects on fixation, in terms of lengthening
the time of fixation, as well as on bone lengthening index
[29]. We have not investigated the influence of smoking
status on the duration of fixation, but, as it was already
mentioned, we have shown that hypertension, repeated
procedure, and the use of antibiotics were independent
predictors of fixation duration.

We have investigated the functionality after the pro-
cedure - the pain and the reduction of pain after fixa-
tion. We have observed that the reduction of pain was
significant, even in those with complicated fractures. The
other authors also measured functionality after procedure.
Meleppuram and Ibrahim [27] showed good bone results
in 60% of patients, but functional results were worse than
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bone results. It shows that excellent bone results do not
guarantee good functionality. Functional results, as well
as the pain reduction, are affected by damage of soft tissue
and neurovascular structures. There are many published
papers investigating long bone defect managing and de-
scribing complications, but pain, long treatment process,
and prolonged external fixation are the main shortcomings.
This could be a significant physical and mental burden for
the patient. The study by Wang et al. [30], which inves-
tigated the overall wellbeing and pain after the Ilizarov
fixation, showed that treatment deteriorated physical and
emotional wellbeing and patients experienced severe pain
for a long time. At the end of the follow-up, although with
severe pain, the overall functioning was significantly im-
proved. Our results differ significantly from these find-
ings. This study included only patients with infected tibial
nonunions, unlike our sample, which involved patients
with less complicated fractures as well, which could be the
possible explanation for the different results.

Our study has some limitations. Firstly, although we an-
alyzed the representative sample of all consecutive patients
with tibial shaft fractures in a given period, sample size is
still small, which can disable the generalization of the re-
sults. In addition, we used only VAS without analyzing the
overall physical and mental condition of the patients, so
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CONCLUSION
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UCKyCcTBO jeAHOr LLEHTPa Yy TPeTMaHy npenoma gujadpuse Tmbuje Mnusapossbesom

MeToA0M

[anuno Jepemuh!, ®unun Butowesuh? bopuc Mywuesnh'?, Hemata Cnaskosuh', Munax Anoctonosuh',

Muogpar Jlanowesuh*, Hukona Yonuh?, KpnctuHa Jasugosuh?3
"MHCcTUTYT 33 OpTONEACKO-XMPYPLIKe 6onecTn,baruua’, beorpag, Cpbuja;

2KnuHnuk ueHTap Cpbuje, LieHTap 3a pagronorujy n MarHeTHy pesoHaHLly, beorpapg, Cpouja;

*YHusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
*KnHnuko-60nH1YKM LenTap,Ap Oparvwa Muwosuh’, beorpag, Cpbuja

CAXETAK

YBoa/Lwb lnjadpusa Tnbuje je 4ecTo MecTo HacTaHKa OTBOpe-
HUX 11 3aTBOPEHVIX NpesioMa TMbKje, Te je BeoMa BaxHO 13abpa-
TV Haj60s/bn MeTOZ, 3a TPETMaH OBYX NOBPeaa.

Linma paga je 6vo ga ce npoueHun aa nu je MnusaposrbeBa
TeXHVIKa MPMKaAHa y CMUCIY KOMMIMKaLuja, Ncxofa everba
1 pegyKkuuje 6ona y TpeTMaHy 6onecHrKa ca npeioMom uja-
duze Tnbmje.

MeTtope PeTpocnekTnBHa aHanu3a je ykibyumna cee 6onecHuke
ca npenomom aujadurse TMbUje Koju cy TpeTrpanHmn Mnusapo-
B/bEBOM METOLOM Y NepuroAy oA jaHyapa 2013. fo jyHa 2017. ro-
AvHe Ha MHcTuTyTy 33 opToneacKo-xupypLuke 6onectn, barbm-
ua“y beorpagy. AHanvsnpaHu cy femorpadcku v KNMHUYKN
nopaum o 6onecHnyuma. bon je npouereH Kopuiwherwem
BU3yenHO-aHaorHe ckane 3a 6on. KopuwheHa cy aBa mogena

DOI: https://doi.org/10.2298/SARH190901003J

YHUBApUWjaHTHE 1 MyNTUBapUjaHTHE NIMHeapHe perpecuje 3a
aHanu3y nopataka.

Pesyntatu Pesyntatu cTyauje cy nokasanm Manu 6poj yKymnHux
Komnnukauuja. [TokasaHo je aa BUCOKe BpeAHOCTY KPBHOT Npu-
TWCKa, ynoTpeba aHTMOMOTUKA U perHTepBEHLMje NPOAYKaBajy
drKcaumjy, Kao 1 TeXMHa NMpesioma 1 Ay>KnHa MHTepBEHLVje.
Takobhe je NokasaHo 3HauyajHO CMatbere HYBOA 6ona nocne
NHTEpBeHLMje.

3akrbyyak nn3apos/beBa MeTofa je cMrypHa v noyspaHa y
TpeTmaHy 6onecHUKa ca npesioMom avjaduse Tnbwje, npaheHa
je cmarberbem jaumHe 60na, cBeyKynHUM NobosbLuakbeM GyHK-
LIMOHANTHOCTV 11 LOBPUM MCXOAOM, M HEMA YecTe KOMMMKaLuje.

KmyuHe peun: inusaposrbeBa MeToaa; npenom aujadrse tu-
6uije; Ncxop neyerba; 3a0BOSbCTBO OONECHMKA Neyerbem
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SUMMARY

Introduction/Objective Spinal anesthesia (SA) for cesarean section may lead to significant changes in
hemodynamic parameters, especially hypotension.

The aim of this study was to determine and compare the efficacy and safety of preemptive infusion
protocols of the two most commonly used vasopressors, ephedrine (Group E, n = 29) and phenylephrine
(Group P, n = 31) not only on prevention of hypotension but also to determine their effect on hemody-
namic parameters, such as stroke volume (SV) and cardiac output (CO) using a continuous non-invasive
hemodynamic monitor.

Methods The infusion of ephedrine was administered at the rate of 5 mg/min. immediately after SA.
Phenylephrine was administered at an infusion rate of 25 pg/min for two minutes prior to SA.

Results In Group E, mean systolic blood pressure (SBP) and heart rate (HR) were similar to baseline. CO was
higher (p < 0.001), while systemic vascular resistance (SVR) was lower than baseline (p < 0.001). In Group P,
mean SBP and diastolic blood pressure (DBP) were lower than baseline, respectively (p = 0.006, p < 0.001).

SBP, DBP, CO, SV, SVR, and HR were significantly different between the E and P groups (p < 0.001).
Conclusion E and P vasopressors are both effective in the prevention of hypotension during SA.
Keywords: cesarean section; spinal anesthesia; ephedrine; phenylephrine; hypotension; hemodynamic

parameters

INTRODUCTION

Due to the significantly higher percentage of
morbidity and mortality under general anesthe-
sia, spinal anesthesia (SA) is now the method of
choice [1]. Cesarean section under SA leads to
significant changes in hemodynamic param-
eters, such as preload, stroke volume (SV), car-
diac output (CO), heart rate (HR) and systemic
vascular resistance (SVR) [2]. Hypotension oc-
curs within approximately 70-80% of cases as
a consequence of sympathetic blockade in the
affected areas of anesthesia, which might cause
organ and placental hypoperfusion. Acute hypo-
tension reduces cerebral perfusion, which leads
to transient ischemia and activates the vomiting
center [3-6]. Fall in CO reduces oxygen deliv-
ery to organs and tissues, results in buildup of
oxygen debt, causing complications after SA [7,

8, 9]. Other side effects of hypotension during
SA are nausea, vomiting, dizziness, respiratory
problems, and fetal acidosis [10, 11].

The most commonly used drugs for hemo-
dynamic optimization during cesarean section
are ephedrine and phenylephrine [6, 11, 12].
Ephedrine leads to greater venoconstriction
than arteriolar constriction, increases BP, HR,
improves venous return (preload), increases CO,
and restores uterine perfusion [13]. Ephedrine
may cause tachyphylaxis, and is associated
with increased risk of fetal acidosis [11, 13].
Phenylephrine increases venoconstriction and
arterial constriction, which increases BP, results
in venous tone increase and favors venous re-
turn (preload) and increases SVR [13-16].

The main goal of this study was to deter-
mine and compare the efficacy and safety of
preemptive infusion protocols of ephedrine and
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phenylephrine not only on hypotension prevention but
also the associated hemodynamic changes during SA for
cesarean section. Our hypothesis was that the protocol of
application of these drugs is of importance for hemody-
namic stability and that application of the given doses of
ephedrine and phenylephrine infusion prevents hypoten-
sion during the planned caesarean section in SA.

METHODS

This study was designed as prospective and randomized
and was approved by the ethics committee of Dr Dragisa
Misovi¢ — Dedinje University Hospital Center, Belgrade,
Serbia, with the protocol no. 01-5293/23, on April 28,
2017. This study included 60 patients (from June 25, 2017
to April 25, 2018) divided randomly into Group P and
Group E. The patients gave written informed consent to
participate in the study. Inclusion criteria were as follows:
patients aged between 18 and 40, American Society of
Anesthesiologists (ASA) 1 or 2 physical status, and single
fetus. Exclusion criteria were as follows: less than 36 weeks
gestation, presence of cardiac, vascular, or neural diseases,
body weight under 50 kg or greater than 100 kg, height
under 150 cm, and presence of contraindications for SA.

Protocol P Group

Two minutes before the administration of SA, Group P
received 25 pg/min. of phenylephrine infusion and this
was continued at 25 pug/min. for the next three minutes. If
SBP was unchanged or reduced, the infusion resumed at
the same rate. If SBP was greater than 20% below baseline,
patients received a rescue bolus of 50 ug phenylephrine
intravenously (iv). If bradycardia occurred together with
SBP less than 20% below baseline, the infusion of phen-
ylephrine was continued at 25 pug/min., and 0.5 mg atro-
pine was administered iv. If bradycardia occurred with SBP
equal to or higher than baseline, phenylephrine infusion
was discontinued. If SBP exceeded 20% of the baseline, the
infusion of phenylephrine was discontinued.

Protocol E group

Group E patients received ephedrine immediately after SA
injection at a dose of 5 mg/min. for the first three minutes.
The same dose was continued where SBP was unchanged
or lower than the baseline. If SBP decreased more than
20% of baseline, a rescue bolus dose of 5 mg ephedrine
was given iv. Where SBP was greater than 20% of the base-
line, ephedrine infusion was discontinued. Both infusions
were administered via infusion pump Argus 600S (Argus
Medical, Heimberg, Switzerland).

Bradycardia was defined as a HR under 60 beats per
minute while hypotension was defined as a reduction in
SBP greater than 20% of baseline. Hypertension represents
increase of SBP greater than 20% above the baseline.

All the patients received 50 mg of ranitidine iv and were
preloaded with 500 ml of Hartmann’s solution. During the

‘ DOI: https://doi.org/10.2298/SARH190607009V
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cesarean section the infusion of Hartmann’s solution was
resumed. BP, HR, electrocardiogram, and oxygen satura-
tion were recorded using the DASH® 4000 monitor (GE
Medical Systems Information Technologies Inc., Chicago,
IL, USA). BP was measured automatically at three-minute
intervals. Pre-induction values of BP, HR, CO, SV, and SVR
were recorded with continuous non-invasive hemodynam-
ic monitoring LiDCO Rapid"?*CNAP (LiDCO Ltd, London,
UK) and the parameters were measured continuously up to
the end of the surgical procedure. LIDCO Rapid">’CNAP
contains a module for non-invasive continuous monitoring
of arterial pressure using a double finger cuff. The Pulse
CORris a pulse pressure algorithm that calculates SV values
by the detection of variations in arterial pulse, from the BP
waveform using pulse power analysis pressure. It provides
anominal value for SV, CO and SVR using patient demo-
graphic data of height, weight, and age. SA was given in
the sitting position using a “pencil point” spinal needle of
25G (Pencan® B.Braun, Melsungen, Germany). The patients
received bupivacaine-spinal 0.5% 2-2.2 ml in the L3-14
intervertebral space. The patients were then returned to
the previous supine position with the operating table tilted
to the left side by 15°.

Umbilical vein blood gas analyses were performed for
acidity (pH), partial oxygen pressure (PO,), partial car-
bon dioxide pressure (PCO,), and base excess (BE). Apgar
score at the first and fifth minute was recorded for each
newborn. The times from spinal injection to baby delivery
and from SA until the end of surgery were also recorded.

For statistical analysis we used Kolmogorov-Smirnov
test to examine distribution, then parametric Student’s
t-test for two independent groups’ comparison, the
Wilcoxon signed-rank test for paired groups, and x* test
for frequency distribution analysis, using SPSS Version
19.0 (IBM Corp., Armonk, NY, USA). Before the beginning
of the study, we performed the statistical power of study
analysis, and our sample size was sufficient at power of
80%; p < 0.05 was considered significant.

RESULTS

Demographic characteristics and medical history of the
patients are presented in Table 1. The body weight and
height were higher in Group E (p = 0.002, p = 0.086, re-
spectively, Student’s t-test, Table 1). Changes in the mean
values of hemodynamic parameters between the groups
were analyzed before (baseline), and at the time of vaso-
pressor infusion (Table 2).

Mean baseline values of the hemodynamic parameters
were not significantly different between the two groups
(baseline values, p*, Table 2). The mean values SBP, DBP,
CO, SV, SVR, and HR changed significantly during the
ephedrine and phenylephrine infusions (p** < 0.001,
Student’s t-test, Table 2).

During the infusion, the mean values of SBP, DBP, CO,
SV, and HR were significantly higher in the Group E com-
pared to Group P, while the mean SVR was significantly
lower in the Group E compared to the Group P (Table 2).
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Table 1. Patient characteristics

Charactheristic (Gr:ozungl)i ﬁ:ozu.f 1'; p
Age (year) 32 (4) 31 (4) 0.335
Weight (kg) 83(10) 75(9) 0.002*
Height (cm) 170 (6) 167 (6) 0.086
Gestational age (weeks) 39(38-40) | 39(38-40) | 0.942
Number of previous deliveries | 2 (1-3) 2(1-3) -
ASA physical status | 18 (62%) 18 (58%) 0752
ASA physical status Il 11 (38%) 13 (42%)

E - ephedrine; P - phenylephrine; ASA - American Society

of Anesthesiologists physical status

*significant p < 0.05, mean (sd), median (min-max. range), n (%),
Student’s t-test, x* test

During the ephedrine infusion, the mean DBP was
significantly lower compared to the baseline values
(p'* = 0.005, Wilcoxon’s test, Table 2). Mean values of
CO and SV were significantly higher during ephedrine
infusion compared to the baseline values (p'? < 0.001,

Wilcoxonss test, Table 2); while SVR was significantly lower
(p"? < 0.001, Wilcoxon’s test, Table 2).

In Group P, mean values of CO and SVR were not sig-
nificantly changed during the infusion compared to the
baseline values. During phenylephrine infusion, the mean
SBP was lower than baseline (p'* = 0.006, Wilcoxon’s test,
Table 2), as was DBP (p'? < 0.001, Wilcoxon’s test, Table
2). SV was significantly increased compared with baseline
(p'?=0.001, Wilcoxonss test, Table 2). HR was significant-
ly higher in Group E compared to Group P (p** < 0.001,
Students t-test, Table 2), and significantly lower than the
baseline in Group P (p'? < 0.001, Wilcoxon’s test, Table 2).

During the first 5-6 minutes following SA and vaso-
pressor administration until skin incision, mean SBP val-
ues were similar in Groups E and P. During the delivery,
and at the fifth and 10™ minute after delivery, and up to
the end of the procedure, significantly higher mean SBP
values were recorded in Group E compared to Group P
(p <0.001, Figure 1A).

Table 2. Hemodynamic changes between/within the two groups: ephedrine (E) and phenylephrine (P) vasopressors

Baseline values During vasopressor infusion B P

Parameter Group E Group P p* Group E Group P p* B ®

(n=29) (n=31) (n=29) (n=31) p P
SBP (mmHg) 122(12) 121(12) 0.828 122 (21) 114 (15) <0.001* 0.938 0.006*
DBP (mmHg) 74 (9) 73(11) 0.685 66 (15) 61 (15) <0.001* 0.005* <0.001*
CO (L/min) 8(2) 8(2.2) 0.645 11(3.7) 9(3.5) <0.001* <0.001* 0.424
SV (mL) 91 (26) 88(22) 0.668 111 (36) 110 (38) <0.001* 0.002* 0.001*
SVR (dyn s/cm?®) 878 (204) 852 (233) 0.643 671 (291) 777 (366) <0.001* <0.001* 0.253
HR (bpm) 93(23) 97 (18) 0.444 97 (21) 83(16) <0.001* 0.333 <0.001*

SBP - systolic blood pressure; DBP - diastolic blood pressure; CO - cardiac output; SV - stroke volume; SVR - systemic vascular resistance; HR - heart rate;
p'? - baseline values compared with values during vasopressor infusion in the respective group

*significant p < 0.05, mean (sd) Student’s t test
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Figure 1. Changes in hemodynamic parameters; comparison to baseline values, and values after spinal anesthesia/after administration
of vasopressors; SBP-1A - systolic blood pressure; ASBP-1B — average changes of systolic blood pressure; DBP-1C - diastolic blood
pressure; TO - start of infusion P; T1 — spinal anesthesia (both groups) and start of ephedrine infusion; T2 - skin incision (both groups); T3
—delivery (both groups); T4 - five minutes after delivery; T5 - 10 minutes after delivery; T6 - 20 minutes after delivery; T7 — end of surgery

*significant p-values
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Figure 3. Changes in hemodynamic parameters, before (baseline) and after spinal anesthesia/after administration of
vasopressors; CO-3A - cardiac output; SV-3B - stroke volume; SVR-3C - systemic vascular resistance; HR-3D - heart
rate; TO — start of phenylephrine infusion; T1 - spinal anesthesia (both groups) and start of ephedrine infusion; T2 -
skin incision (both groups); T3 - delivery (both groups); T4 - five minutes after delivery; T5 - 10 minutes after delivery;

T6 - 20 minutes after delivery; T7 — end of operation;
*significant p-values

In Group P, except in the first few minutes, SBP was
lower than baseline. The largest decrease in SBP was seen
after 8-9 minutes of phenylephrine infusion, but average
values were only about 10 mmHg lower than baseline
(Figure 1B). There was a decrease of SBP in Group E be-
tween 3-13 minute up to 6.5 mmHg (Figure 1B). Mean
values of DBP in both groups were lower than basal levels
(Figure 1C).

No significant differences in the incidence of hypoten-
sive and hypertensive episodes were detected, and the aver-
age minimum and maximum SBP were similar between
groups (Figure 2).

‘ DOI: https://doi.org/10.2298/SARH190607009V

Mean CO values in Group E were consistently higher
than baseline after SA and up to the end of the surgical
procedure. In Group P, mean CO values were higher than
baseline only up to the 36th minute (Figure 3A). After SA,
during the second minute, mean values of CO in Group
E increased significantly compared to the baseline, and
compared to Group P (p < 0.001, Figure 3A).

After delivery and up to the end of the procedure, low-
er mean Group P CO values were recorded compared to
those in Group E (Figure 3A). However, mean Group P CO
values were similar to baseline values. After the 36th min-
ute, (20 minutes away from delivery), and up to the end

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):173-179
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Table 3. Intraoperative characteristics, umbilical vein gases and Apgar scores

I-D - time from the induction of spinal anesthesia to delivery of the baby; pH - acidity; PO, - partial oxygen
pressure; PCO, - partial carbon dioxide pressure; BE - base excess
*significant p < 0.05, mean (sd), n (%), Students t-test, x* test, pH, PO,, PCO,, BE median (min., max. range),
Apgar mean (sd); Modified Bromage score: 1 - able to raise legs above the table; 2 - able to flex knees;

3 - able to move feet only; 4 - no movement in legs or feet

(p < 0.001, Figure 3D). Mean Group

Variables Gro_up E Gro_up P 0 P HR was below baseline from the

(n=29) (n=31) fifth minute up to the end of the
Intraoperative characteristics procedure.
Time from spinal anesthesia to the end (min) 49 (8) 51(9) 0.291 Mean values of Vasopressors in-
Duration of I-D (min) 1503) 1503) 0.982 fusion duration were significantly
Vasopressor infusion duration (min) 23 (6) 50 (15) <0.007** longer (p < 0.001, Student’s t-test,
Sensor block level before skin incision T5 (T4-T6) T5 (T4-T6) - Table 3) in Group P compare d with
Modified Bromage score for motor block 3(3-4) 3(3-4) - Group E.
Number of patients received rescue bolus 7 (24%) 7 (23%) 0.887 Incidence of nausea and vom.-
doses (%) dose 5-15mg | dose 0.05-0.15 pg
Number of rescue bolus doses 13 11 - iting were similar in both groups.
Number of rescue bolus doses before 10 7 ) The elldrr'li.nistrati(?n of .atropine
delivery was significantly higher in Group
Number of rescue bolus doses after delivery 3 4 - P (p =0.029, x* test, Table 3).
Mean doses of vasopressors (mg) 49.3(9.3) 1.3(0.4) - Umbilical venous pH was lower
Total fluid-crystalloid (ml) 1551 (244) 1419 (291) 0.061 than 7.2 in one case in Group E.
Incidence of nausea However, the mean pH values in
Yes 7 (24%) 3 (10%) 0133 both groups were identical (7.36).
No 22 (76%) 28 (90%) No newborn had Apgar score lower
Incidence of vomiting than 8 in the first minute, and mean
Yes 1(3%) 0 (0%) 0297 values of Apgar score were similar
No 28 (97%) 31 (100%) between groups. Gas analysis of um-
Medifame”ts bilical vein showed no significant
Atropine differences between Groups E and P.
Yes 1(3%) 7 (23%)

0.029*

No 28 (97%) 24 (77%)
Metoclopramide DISCUSSION
Yes 7 (24%) 3(10%) 0133
No — - 22 (76%) 28 (90%) In our study, after SA, CO values
Umbilical vein gases and Apgar scores increased along with concomitant
pH 7.36(7.14,7.49) | 7.36(7.29,7.45) 0.668 increase of HR and SV. Liu et al.
PO2 (mmHg) 27.3(24.4,30.5) | 27.7 (26.1,28.8) 0.657 [17] detected a signiﬁcant decrease
PCO2 (mmHg) 37.3(32.7,41.8)| 382(32.6,426) | 0.706 L | i
BE (mEq/L) 38(47,-16) | -26(-40,-1.1) | 0122 in SVR and an increase in CO after
Apgar first minute 8.97 (0.19) 8.90 (0.30) 0342 SA both before administration of
Apgar fifth minute 9.93 (0.26) 9.87 (0.34) 0.447 phenylephrine and before hypoten-

sion occurred.

In our study, phenylephrine in-
fusion was introduced two minutes
prior to administration of SA. This
was followed by an increase in CO
following SA, as noted above, but

of the procedure, mean values of Group P CO decreased
compared with baseline. In Group E, CO was significantly
higher up to the end of the procedure compared with base-
line and Group P, (p < 0.001, Figure3A).

Both vasopressors increased SV. In Group E, SV in-
creased significantly after SA, with the addition of ephed-
rine infusion in the second minute (p < 0.001, Figure 3B).
During skin incision and delivery, SV was significantly
higher in Group P compared to Group E (p < 0.001, Figure
3B). From that point on, Group E had higher SV than
Group P until the end of the procedure.

SVR values were lower than baseline in both groups
(Figure 3C).

After five minutes of infusion, Group E’s HR was in-
creased above baseline up to 20th minute. After 24th min,
mean HR of Group E was below baseline, but it was con-
sistently higher than mean HR of Group P (Figure 3D).
HR was higher at skin incision and delivery in Group E
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these changes were significantly lower than in Group E
where ephedrine infusion was given immediately after SA.
With both phenylephrine and ephedrine, the drop in SBP
did not exceed 20% and the changes were relatively minor.

We have shown that patients from Group E had signifi-
cantly higher SBP, DBP, CO, SV, and HR, but lower SVR
than in Group P. Similarly, Gunda et al. [18] in their study
showed that HR was also significantly higher using ephed-
rine vs. phenylephrine. However, they used a single bolus
dose of 5 mg of ephedrine or 100 pg of phenylephrine,
but both were administered only after the occurrence of
hypotension. Furthermore, the same authors did not detect
significant differences in SBP (although slightly higher in
Group P than in Group E) [18].

Allen et al. [19] investigated four groups of patients who
received different doses of prophylactic fixed-rate phenyl-
ephrine infusions. In the groups that received 25 pg/min.
and 50 pg/min. P, SBP was higher than 80% of baseline and
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in the groups that received 75 pg/min. and 100 pg/min. the
incidence of hypertension was increased [19]. Also, our
study showed that patients who received phenylephrine
at a dose of 25 pg/min., SBP remained greater than 80%
of baseline.

Langeseeter et al. [20] examined the effects of two dif-
ferent intrathecal doses of bupivacaine, with or without
iv phenylephrine infusion on hemodynamic parameters.
This study showed that a low dose of prophylactic phen-
ylephrine infusion (0.25 pg/kg per min.) provided the
best hemodynamic stability [20]. In our study, patients in
Group P received 10 mg spinal bupivacaine and prophy-
lactic phenylephrine infusion (25 pg/min.) two minutes
prior to SA and were also quite effective.

Mon et al. [21] in their study examined the effects of
ephedrine and phenylephrine infusion on hemodynamics.
In Group P, CO was significantly lower than the baseline in
the 10th and 15th min. after application of SA, in contrast
with Group E, in which CO values were not significantly
changed [21]. Ephedrine administration was associated
with significantly more cases of fetal acidosis despite good
SBP control and increased CO [21]. Our study showed that
after the initial increase in CO in both groups, there was
a reduction in CO in the Group P, but values below the
baseline were detected only from 36th minute up to the
end of the surgery, which might be important for fetal out-
come. It should be recalled that the dose of phenylephrine
in our study was four times lower than in the previously
described and continued for a longer time. Unlike in the
previously mentioned study, where no significant changes
in SV were detected, in our study SV was increased in both
groups [21]. Numerous studies have shown associations
between HR and CO, as was the case here [14].

The lowest average HR values in Group P were recorded
in the 37th minute of phenylephrine infusion, which co-
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Nopehere epukacHocTH n 6e3begHOCTU NpeeMNTUBHMX NPOTOKONA UHPY3Mje
ebeapuHa U peHunedppurHa — npeBeHLMja XMNOTEH3U]e U YTULLAj Ha XeMOAUHAMCKe
napameTpe TOKOM CMMHaNHe aHecTe3uje 3a LLapCku pes

AnekcaHgpa [1. Bykotuh', lejsug lpun?, JacHa [1. Jehrh*4, MunosaH P. Bykotuh?, Huua Metposuh®, Mpeppar [. CreBaHosuh'”

'KnuHuuko-6onHuyKkn uentap, Ap Aparviwa Muwosuh - leaurbe’, KnvHyka 3a aHeCTe31onorujy n UHTEH3NBHO neyetbe, beorpag, Cpbuja;
“MoHpaumja HaumoHanHe 3gpaBcTBeHe ciyxbe bonHuue Konela King's, Onerbetbe 3a aHecTesujy, MIHTEH3UBHY Hery 1 Tepanijy 6ona, JToHAoH,

YjeantbeHo KpambeBCTBO;

3YHuBep3auTeT y KparyjesLy, GakynTeT MeanUmMHCKMX HayKa, Kparyjesal, Cpbuja;

*KnuHunukm LenTap Kparyjesau, Cnyx6a 3a aHectesunjy 1 peaHumaumjy, Kparyjesau, Cpbuja;

SVIHCTUTYT 3a opTOneacko-xupypLuke 6onectn, baruua’, Cnyx6a 3a aHecTesujy ca peaHnmatonorujom, beorpag, Cpbuja;

YHuBep3uTeT y beorpagy, HCTUTYT 3a HykneapHe Hayke ,BuHua’, Jlabopatopuja 3a pagro6uonorujy 1 monekynapHy reHeTuky, beorpag, Cpbuja;

’YHnsep3uTet y beorpaay, MegnunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBopa/LUunm Tokom cnnHanHe aHectesuje (CA) 3a Lapcku pes
[0na3u A0 3HaYajHMX XEMOANHAMCKIX NMPOMEHa, Kao U [0 XU1-
noTeH3uje.

Linrs oBe cTyguje 6uo je fa ce yTBpAe v ynopege eprkacHoCT
1 6e36e4HOCT MPEeMNTVBHNX MHPY3MOHUX MPOTOKONa ABa Haj-
yewhe kopuwheHa Basonpecopa, epeppuHa (rpyna E, n = 29)
1 deHnnedpuHa (rpyna M, n = 31), He camo y Lnsby NpeBeHLuje
xunoteH3uje Beh pagu yTBpHriBar-a HIIXOBOT yTULaja Ha XeMo-
JVHaMCKe MapameTape, Kao LUTO Cy YAapHY BOSyMEH U MUHYTHM
BOJIyMEH, KOpULNherem KOHTVHYUPAHOT HENMHBA3VBHOT XEMO-
OUHAMCKOT MOHUTOPA.

MeTope VHdy3uja epenpriHa je ykibyyeHa y fosm og 5 mg/min.,
oamax nocne CA. ndysuja deHunedpriHa je yKibyueHa y osm
of 25 pg/min., Ha agBa MnHyTa npe CA.

Pesyntatm Y rpynu E cpeare Bpe[HOCTY CUCTONTHOT KPBHOT
NPUTUCKa U cpyYaHa GpeKBeHLja HUCY ce 3HauYajHO Npome-

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):173-179

Hune y ogHocy Ha 6a3anHe BpeAHOCTU. MUHYTHW BOJyMEH je
610 3HauajHo BrWM (p < 0,001), [OK je CMCTEMCKI BacKynapHu
oTrnop 610 3HaYajHO HYXM Y OJHOCY Ha 6a3anHe BpeLHOCTM
(p < 0,001). Y rpynu N cpeftbe BPeAHOCTN CUCTOSTHOT KPBHOT
NPUTUCKa U AMjacTONTHOT KPBHOT NMpUTUCKa bune cy 3HauajHo
HVXe y ofHOCy Ha 6a3anHe BpegHocTu (p = 0,006, 0OAHOCHO
p < 0,001). Cpefjie BpeAHOCTY CUCTONHOT KPBHOF MPUTUCKA,
ANjacTONHOT KPBHOT MPUTUCKA, MUHYTHOT BOJTYMEHa, yAapPHOT
BOJIyMEHa, CCTEMCKOT BaCKyflapHOT oTnopa v cpuaHe $pek-
BEHLMje Cy ce CTaTUCTUYKM 3HayajHO pa3nunkoBane nsmehy
rpyna Ewn I (p < 0,001). facHe aHanv3e BeHCKe yMmbunuKkanHe
KpBW 1 oLlieHa Anrap cy 6une cinyHe y obe rpyne.

3aksbyuak Baszonpecopu edefipuH n peHuneppuH cy Beoma
[eNOTBOPHM Y NPeBEHLMjU XxunoTeH3snje Tokom CA.

KrbyuHe peun: Lapcku pes; cnHanHa aHecTesnja; edpeapuH;
beHnnedpuH; XMNoTeH3mja; XeMOANHAMCKI NapameTpu
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SUMMARY

Introduction/Objective The use of bladder augmentation and/or continent urinary diversion has gained
wide acceptance, particularly in children with small, abnormally developed bladder or high-pressure
bladder that poses great risk for renal deterioration and incontinence. We discuss indications, results,
and complications with various types of continent vesicostomy (CV) in children.

Methods Sixty-eight patients with CV are retrospectively reviewed (51 boys and 17 girls) 1987-2008.The
median follow-up time was 17.8 years (3-22 years). CV included appendicovesicostomy in 31 (41.3%),
vesicostomy with distal ureter in 27 (36.0%), and preputial CV in 10 (13.3%) patients. CV in patients with
augmented bladder was in 18 (26.47%) children.

The indications for performing CV were various types of neurogenic and myogenic dysfunctions of urine
bladder with incontinence due to the following pathoanatomical substrates: anomalies of the brain-spine
segment development (27), bladder exstrophy (10), posterior urethral valve (15), expansive processes
(4), and other anatomical defects in 12 patients.

Results Continence was achieved in 94.64% of the cases, without statistically significant difference
between particular types of the stoma (p = 0.065). Early complications included stoma necrosis, stoma
bleeding, peristomal infection in 5/68 (7.35%) patients, and late complications included calculosis, in
20/68 (29.4%), stomal stenosis, in 8/68 (11.5%), and difficulties of catheterization, in 3/68 patients (4.08%).
Calculosis was predominant in appendicovesicostomy (p = 0.012).

Conclusion CV is a safe procedure applied with the main purposes of achieving continence, preser-
vation of renal function, and improvement of the quality of life, along with an acceptably low rate of
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INTRODUCTION

Resolving urinary incontinence and preserv-
ing renal function in children with neurogenic
bladder dysfunction has been a serious chal-
lenge for pediatric surgeons and urologists for
years. Until the mid-1970s, urinary diversion
by means of the intestinal conduit was practi-
cally the only solution to the problem when
Lapides et al. [1] introduced the technique
of clean intermittent catheterization (CIC)
through the native urethra, which specifically
addressed these issues. However, in a relatively
high percentage of cases, the method appeared
to be inefficient due to the difficulty in per-
forming self-catheterisation (pain in males,
orthopaedic problems) or continuous urinary
leakage between catheterizations.

In 1976, in order to overcome this obstacle,
Mitrofanoff [2] proposed the alternative forms
of continent urinary diversion — appendicovesi-
costomy or ureterovesicostomy — with bladder
neck closure (in most cases). These methods
have been most widely applied after the reports
of Duckett and Snyder [3], and along with the
introduction of other possibilities (prepuce, a

segment of small intestine, bladder wall, ovi-
duct...) they justifiably named it the Mitrofanoff
principle [4, 5, 6].

Considering any reservoir and any alterna-
tive urinary diversion, continent diversion is
associated with a low-pressure reservoir [3, 4].
In most cases, the goal is native bladder pres-
ervation, with or without augmentation.). The
most common complications following conti-
nent vesicostomy (CV) are stoma stenosis and
urinary leakage [7, 8]. Solving these problems
requires further urodynamic volume-pressure
testing and further revision or reimplantation
if needed [9].

The objective of the study is to present our
experiences with indications for performing
specific types of CV and complications follow-
ing the procedure.

METHODS

We performed a retrospective study in children
(aged 3-8 years) who underwent a continent
urinary diversion at the University Children’s
Hospital in Belgrade, Serbia, in the 1987-2008
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period. Patients were divided into the following three
groups: appendicovesicostomy, vesicostomy with distal
ureter, and preputial vesicostomy.

The indications for performing CV were various types
of neurogenic and myogenic dysfunctions of the urinary
bladder with incontinence due to the following pathoana-
tomical substrates: anomalies of the brain-spine segment
development (27), bladder exstrophy (10), posterior ure-
thral valve (15), expansive processes (4), and other ana-
tomic defects (12).

The patients with other ways of bladder emptying
(Credés maneuver) or those emptying through the native
urethra were excluded.

Operating technique

The principle consists of the interposition of the appen-
dix vermiformis or other tubular structure between the
bladder and the skin, with an anti-reflux technique, which
facilitates self-catheterisation and establishes a continent
mechanism. When necessary, urinary bladder augmenta-
tion was performed during the same operation.

Ureteral reimplantation was done using the extravesi-
cal approach (Lich-Gregoire technique) or detrusor sub-
mucosal tunnelling anti-reflux technique. Stoma should
be located as close as possible to the bladder reservoir to
provide a short and straight pathway. It is usually the right
lower abdominal quadrant when using the appendix, and
the distal right ureter, or the left lower abdominal quadrant
when using the left ureter. Some authors suggest the place-
ment of the stoma in the umbilicus because of the lower
incidence of stenosis and less visibility [10].

The patient carries a suprapubic catheter in the Mitro-
fanoff canal for 21 days, and then commences CIC.

CIC was used in the standard manner together with the
oxybutynin and prophylaxis of urinary infections (first-
and second-generation cephalosporins or co-trimoxazole)
[1]. By urodynamic testing or measuring bladder capacity,
the need for oxybutynin was eliminated occasionally

Bladder augmentation was performed in children with
low-capacity bladder and/or poor detrusor compliance.

The data collected refers to the basic illness, age of the
child when performing a stoma placement,
the spot of the stoma placement, conti-

The most common reasons were channel angulation and
diverticulum. The incontinence due to insufficient anti-
reflux mechanism was solved by a subfascial revision or
endoscopically (STING procedure)

The study was approved by the Research Ethics Com-
mittee of the institution where it was conducted.

Statistical analysis was performed using the G*Power
software (Heinrich Heine University Diisseldorf, Diis-
seldorf, Germany). The results are expressed in numbers
and percentages along with the mean value + standard
deviation. Comparisons were done by Student’s t-test and
descriptive statistics by Fisher’s exact test and ¥ test.

RESULTS

The analysis included 68 patients, 17 (25%) of which were
girls and 51 (75%) were boys. CV included appendicovesi-
costomy in 31 (41.3%), vesicostomy with distal ureter in 27
(36%), and preputial vesicostomy in 10 (13.7%) patients.

Additional surgery was performed in 18 (26.47%) pa-
tients in the form of augmentation of the urinary bladder,
and bladder neck reconstruction (exstrophy-epispadias
complex) was performed in 10 patients. Bladder neck clo-
sure was not performed. The median follow-up time was
17.8 years (3-22 years). Clinical details of our patients are
presented in Table 1.

Continence achieved in 63 patients (94.64%) without
significant statistical difference between the types of sto-
mas (p = 0.063).

Early complications (infection, dehiscence, gastroin-
testinal problems, febrile conditions) occurred in 5/68
patients (7.35%) - in three patients with appendicovesi-
costomy, and in one each for distal ureteral stoma and pre-
putial tube. No statistically significant difference between
the types of CV (x*test, p = 0.233).

Stomal stenosis occurred in 9/68 (11.7%) patients who
underwent CV - six patients with appendicovesicostomy,
two (7.1%) patients with preputial vesicostomy, and one
patient (3.5%) with CV created by the distal ureter. Statisti-
cally, stenosis was significantly more frequent in patients
with appendicovesicostomy (p = 0.010).

Table 1. Clinical details of patients

nence, com.pycatlon rate, 1nc.hcat10rlls. for Appendico | Distal ureteral | Preputial | -
surgical revision, type of surgical revision, | Variables Vesicostomy | vesicostomy | vesicostomy | "o
and results. We divided the complications n (%) n (%) n (%)
into two groups — early (up to 12 months Anomalies of the brain-spine 17 (25) 5(7.4) 5(7.4) | 27(39.8)
segment development
after the stoma placement) and late. -
We classified the stoma-revision pro- Exstrophy-epispadias complex 8(11.7) 2(29) 0(0) 10(14.6)
d int fascial (skin | Il) Posterior urethral valve 3(4.41) 11(16.22) 1(1.47) 15(22.1)
C? .ures lndo. S;lp;a a§cllad sKin evel're— Expansive processes 2(29) 0(0) 2 (2.9%) 4(5.9)
V,lswnilan nira a;;{a. ( ielp COMPHUCA~ Fother diseases 1(1.47) 9(13.23) 229%) |12(17.6)
tions tf at r.e‘%ulre additiona aparolt.omY)' Total 31(45.6) 27 (39.7) 10(14.7) | 68 (100)
Suprafascia reVlswn_s were app ied in Median follow-up time (years) 19.7 14.9 10.9 17.8
cases of stoma sjcenosw, stoma prolapse, ¢ umbilical 7 0 3 10
or granulation tissue around the stoma, |location non-umbilical 24 27 7 58
and were categorized as stoma revisions. Augmented urinary bladder 10 6 3 18
Subfascial revisions was performed due to Sex Male 20 21 10 51
difficulties in performing catheterization. Female n 06 0 7
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Table 2. Most common complications DISCUSSION
Appendicoves- | Distal ureteral | Preputial
. : . . Total
Variable |cos:or)ny ve5|c<?st;)my Ve5|cc(>st;>my n (%) p The role of CIC is to protect the up-
n (%, n (% n (% . R
Early complications 3(93) 13.7) 13.7) 5/68(735) | 0233 | Perurinary tractand to achieve con-
stomal stenosi 5(132) 135) 207.1) 8/68(117) | 0012" tinence [4]. CV enables easier execu-
nosis . . . . .| .
oma S_e 5 ~ea76m 001" tion of CIC [5]. CV should be per-
E;ICUIOSI'S o ;3 (93? ; (;';) 0(7(‘)” ! 6//6688( o é ) (;028 formed in carefully selected patients
annetanguration ©3) ©:3) © (68) : when CIC through the native urethra
Continency 29(90.3) 25(89.7) 9(92.8) 63/68 (94.64) | 0.063

*statistically significant

In only 1/68 (1.47%) of the patients, a stomal prolapse
(distal urethral stoma) developed, which was resolved by
revision surgery and fixation.

Calculosis was predominant in patients with appen-
dicovesicostomy (eight patients or 38%), especially if it
was associated with bladder augmentation (substitution)
using an intestinal segment. One patient in each of the
remaining groups was also detected. Even if only patients
without augmentation were analyzed, calculosis appeared
significantly more frequently in patients with appendi-
covesicostomy (p = 0.0015).

There was no statistically significant difference between
the specific types of CV regarding difficulty in catheter
angulation (p = 0.028, test: binary logistic regression).

Incontinence occurred in 5/68 (7.36%), mostly in
patients with distal ureter stoma (3/27; 14.6%). No sta-
tistically significant difference between the types of CV
(p = 0.065).

Most complications occurred in patients with exstro-
phy-epispadias complex - 6/10 (60%) — and in patients
with anomalous brain-spine segment development.

Six patients with appendicovesicostomy were subjected
to stoma revision due to stomal stenosis, with a median
follow-up time of 2.3 years (min. 1.8 years, max. 9.8 years).
In three patients, stoma-specific complications required a
surgical revision, and in another three patients the problem
was resolved after the dilatation of the stenosis.

In one patient with a distal ureteral stoma, the stoma
revision (prolapse) was performed 2.6 years after the major
surgery.

Two patients with preputial vesicostomy were subjected
to stoma revision 2 years and 4.5 years, respectively, after
the performance due to stenosis.

Most additional interventions, due to incontinence,
were performed in patients with CV with distal ureter.
STING procedure was employed in four patients. A sec-
ondary revision was performed in two patients (one was
subjected to the procedure twice and the other one three
times) due to incontinence (eight months and 2.6 years
after the primary revision). In one patient, stenotic ureteral
orifice was balloon dilated.

A subfascial revision of appendicovesicostomy was per-
formed in three patients (channel angulation). There were
no revisions to the secondary surgery. Statistically, there
was a significant difference related to this type of revision
in favor of patients with CV formed from the distal ureter.
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is not possible. Difficulties due to the
sensitivity of the urethra, especially
in boys, are the main reason [7, 8, 9].
Accessing the urethra in children with orthopaedic de-
formities or paraplegia appeared to be considerably dif-
ficult, which is why CV is clearly indicated in this group
of patients. Patients with exstrophy-epispadias complex or
posterior urethral valve have difficulty while performing
self-catheterisation due to anatomical reasons.

CV is associated with a number of early and late com-
plications [9, 10]. Children and their parents should be
properly informed about numerous benefits, but also po-
tential risks and complications [10, 11, 12].

The appendix vermiformis, rather than other parts
of the gastrointestinal system, is preferable for CV since
intestinal anastomosis is not required, it has adequate lu-
men and sufficient vascularisation, suggesting significantly
lower predisposition for ischemia. Damage due to frequent
catheterisation or channel diverticular pouches is most
often the consequence of a slightly longer intravesical part
of the channel [12].

Prior to CV; it is necessary to estimate compliance, uri-
nary bladder capacity, and detrusor overactivity by uro-
dynamic testing. CV is best performed on low-pressure
bladder [13]. Regardless of our channels being implanted
using an anti-reflux method, provided that the intravesical
pressure was not low, the likelihood of urinary leakage was
considerably higher [14].

Despite the increasing number of catheterizations and
high-dose anticholinergic therapy, the incontinence prob-
lems were more frequent in patients with CV created us-
ing the distal ureter (14.6%). In these patients, CV was
created from a very wide ureteral reflux, and the length of
the submucosal tunnel (anti-reflux mechanism) had to be
longer than in the other two types. The good side of these
CVs is that incontinence can be endoscopically resolved
(STING procedure) [13].

Stoma stenosis is the most common complication in our
group of patients — 8/68 — with a somewhat more frequent
occurrence in patients with appendicovesicostomy (Table
2). Even at 82% of our patients, it was reported between
the second and third year after CV. Similar results were
reported by Leslie et al. [15] in their slightly larger group
of patients, with the highest incidence in stoma from gas-
trointestinal segments. Stenosis usually occurs on mucocu-
taneous junction due to poor vascular support [14]. Later,
this is largely due to micro trauma resulted from frequent
catheterizations. The stoma location has no effect on the
incidence of stenosis [15].

It is known that vesicostomy and urinary bladder
augmentation are associated with an increased risk for
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calculosis [16]. In our group of patients, those with appen-
dicovesicostomy were more often diagnosed with calculosis.
Chronic bacteriuria, mucous production, and urine path-
ways are the causes of calculosis. All three risk factors can
be present in appendicovesicostomy. In our institution, we
suggest that parents use saline solution for more aggressive
bladder irrigation once a day for preventing urolithiasis.

The pathological condition with the largest number of
complications was exstrophy-epispadias complex, which is
different if compared to numerous other studies, where it
was more common in patients with the posterior urethral
valve or central nervous system anomalies [17, 18].

Our median follow-up time was not long enough to
enable a discussion on complications such as malignancy
or nutritional deficiencies, which was not the subject of
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this research. Nevertheless, it was long enough so that we
could infer that CV significantly improved the quality of
life of our patients.

CONCLUSION

Continent urinary diversions are safe procedures whose
main purposes are continence, preserving renal function,
and improving the quality of life, with an acceptably low
rate of complications. Stenosis, calculosis, and incontinen-
tia are the three most common complications inherent in
certain methods of CV.
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YparbeHu pe3yntatv KOHTUHEHTHUX BE3MKOCTOMMja KoA4 Aeue

MwunaH MayHoBuh', 3opaH Kpctuh?3, Mupocnas Hophesuh? BojkaH BykaguHosuh?, CeetnaHa MayHosuh?
'"YHusep3utet y KparyjesLiy, QakynteT MeavLMHCKUX HayKa, KparyjeBaL, Cpbuja;

2YHIBep3nTeTCKa feyja KnnHuKa, beorpag, Cpbuja;
*Onwra 6onHuua Medigroup, beorpag, Cp6uja;

*KnuHunukm LenTap Kparyjesau, KnuHuka 3a odranmonorujy, Kparyjesau, Cpbuja

CAXETAK

YBoa/Lwb AyrmeHTauuja MoKpahHe 6eLinke ca KOHTUHETHOM
BE3MKOCTOMIjOM UK 6e3 Hbe je LMPOKO NpUMeHbeHa KOA AeLie
ca MaJiom, abHOpMaJiHO pa3BMjeHOM MOKpahHOM GeLrKom,
Koja Boam owwTehery bybpera 1 MKOHTUHeHUMjU. OnncaHe cy
VHAMKaLUWje, pe3ynTaTii 1 KoMnavKawmje 6onecHrKa ¢ pasHuM
TUNOBUMAa KOHTUHEHTHUX YPUHAPHWX AUBEP3Mja KOA AeLie.
Linmb papa je 61o fa ce nprKaxky AyropoyHy pesyntaTti v Kom-
nanKayuje nojeAnHNX KOHTUHEHTHUX YPUHAPHUX fepuBaLmja
Kof AeLie, Kao N HauMH HUXOBOT peLlaBatba.

MeTopae PeTpocneKTUBHO je NpuKa3aHo 68 6onecHuka (51
Jeyak 1 17 geBojunua) ca KOHTUHEHTHVM YPUYHAPHUM fepu-
Baljama y nepuogy 1987-2008. Cpeare Bpeme npahema je
17,8 ropunHa (3-22 r.). KOHTUHEHTHE Be3MKOCTOME YKIbyuyjy
aneHgukose3nkoctomy Kog 31 (41,3%), Beankoctomy ancran-
HUM ypeTepom Kop 27 (36%), npenyLyjyMcKy BE31KOCTOMY KOZ,
10 (13,3%) 6onecHrka. Haukaumje 3a n3Bohere KOHTUHEHTHE
BE3MKOCTOME Cy Pa3HU 06U HeypOoreHUX U MAWMAHUX guc-
¢byHKLaja MoKpahHe GeLurke ca UHKOHTUHEHLMjOM pa3nnuu-
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TWX NaTOaHaTOMCKVX CyncTpaTta: aHoManuje pa3Boja Ki4ymeHo-
MOXAaHor cermeHTa (27), ekctpoduja mokpahHe belmke (10),
BasiByna 3afre ypetpe (15), ekcnaH3vnBHM npoLeck (4), octane
aHomanuje Kop 12 6onecHuka. AyrmeHTaumja MokpahHe belunke
ypaheHa je kog 18 6onecHuKa (24,3%).

PesyntaTti KOHTVHEHTHOCT je nocTurHyTa Kog 94,64% cnyyaje-
Ba, 6e3 3HauajHe pa3nuke n3mehy nojeAnHNX TUNOBa CTOMa
(p = 0,065). Komnnukauuje ykibyuyjy paHe (CTomanHa HeKpo-
3a, CTOMaJHO KpBapeke, MapacTtomarHa nHdekumja) kog 8/68
(11,5%) 6onecHuKa 1 KacHe: Kankynosa 20/68 (29,4%), cTeHo3a
ctome 8/68 (11,5%) TewwKkohe N3BOALUBOCTM KaTeTepU3aLvje
3/68 (4,08%). Kankyno3sa je npefoMMHaHTHA KO aneHAnKoBe-
3nkoctome (p =0,012).

3akrby4yak KOHTUHEHTHE BE3VKOCTOMYje fiajy BUCOK CTeMeH
KOHTVHEHTHOCTW, Manu 6poj KoMnnvKaLmja 1 NO3UTUBHO YTUYY
Ha 6y6pexxHy GyHKLUKjy.

KrbyuHe peuu: eTe; KOHTUHEHTHE BE3MKOCTOMMj€e; MocTorne-
paTviBHe KoMMMKaLlmje
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SUMMARY

Introduction/Objective The prevalence of depression in primary care is relatively high. The aim of the
study was to assess the frequency of depression among patients in Zvezdara Primary Health Care Center
in Belgrade. We also examined the relationship between depression and individual risk factors (socio-
demographics, lifestyle characteristics, and health-related factors).

Methods A cross-sectional study, which included 422 adult patients, under 65 years of age, was con-
ducted at the Zvezdara Primary Health Care Centre in Belgrade, Serbia, during January of 2018. The
instrument used was Patient Health Questionnaire-9 (cut-off score >10). Multivariate logistic regression
analysis was applied.

Results Depression, at least of moderate intensity, was found in 36%of the respondents. Around 1.4%
of the participants confirmed suicidal thoughts almost every day during the previous two weeks. The
logistic regression model showed the association with depression and being married (OR: 0.24, 95% Cl:
0.13-0.44), single (OR: 0.43, 95% Cl: 0,22-0.83), unemployment (OR: 3.83, 95% Cl: 1.51-9.76), lifetime
contact with mental health services (OR: 3.79, 95% Cl: 2.19-6.57), and regular treatment for chronic ill-
nesses (OR: 3.22, 95% Cl: 1.94-5.34).

Conclusion This study found a relatively high prevalence of depression among patients in the primary
health care center. We found an association between depression and marital status, employment, previ-
ous contact with mental health services, and regular treatment for chronic illnesses. The Patient Health

Questionnaire-9 instrument could be implemented in primary health care settings in Serbia.
Keywords: depression; prevalence; primary health care

INTRODUCTION

Major depressive disorder (depression) is a
common mental health condition in which
the absence of positive affect is associated with
mental health problems. The World Health
Organization estimates that depression will be
the second leading cause of the global burden
of disease by 2020 [1]. Mood changes cover a
spectrum from transitory “normal” low mood to
clinically significant affective disorder (such as
major depression), which may be life-threatening,
Nevertheless, the higher the degree of affective
disorder, the higher is the mortality rate and the
prevalence of adverse outcomes [2].

There is evidence that almost half of patients
with depression in Europe have been unrecog-
nized or inadequately treated. This gap results
from the reluctance of patients to seek help, as
well as from misdiagnosis at the primary care
level [3]. In health care systems, general practitio-
ners are the first line contact with patients with
mental health problems. It could be stated that
timely diagnosis and the efficiency of treatment
are affected by the general practitioners’ knowl-
edge and training on the proper communication
with this group of patients [4, 5]. The prevalence
of depression varies among patients in primary

health care and it ranges from 2.3% up to 48.5%
[6-9]. The most recent meta-analysis from 2018
(n=1,112,573 adults) showed no difference
between the rural and urban settlements (13%
vs. 17.7%, respectively) [10].

Different social factors could affect the de-
velopment of depression, such as female sex,
lower education, economic inactivity, and being
divorced or widowed, or lifestyle characteristics
and habits: diet, exercise, sleep [11-16]. If inad-
equately treated, depression can lead to many
complications; in particular, it significantly
increases the risk for suicide. Primary health
care plays an important role in suicide preven-
tion as more than one half of suicide victims
contact their general practitioner one to four
weeks prior to death, which creates the window
of opportunity for the healthcare system to
provide preventive measures [17, 18].

Screening instruments for depression are
numerous and include Beck Depression Inven-
tory, Zung Self-Rated Depression Scale, Kessler
Psychological Distress Scale [19]. Patient Health
Questionnaire (PHQ-9), and its versions (PHQ-8
and PHQ-2), is widely proposed to be used in
these settings, as it has been shown to have higher
specificity and sensitivity compared to primary
health care physicians’ diagnoses [3, 20]. Routine
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use of the nine-item Patient Health Questionnaire (PHQ-
9) may be useful at primary care level and it may identify
individuals at risk for depression who would not otherwise
have been identified [21]. Routine use of PHQ-9 is still not
a frequent practice in Serbia. According to the education
and practice in Serbia, general practitioners should be able
to recognize the depression and refer the patient to the
psychiatry treatment. The study among general practitio-
ners in five Southeastern Europe countries showed that the
majority of our general practitioners consider recognizing
the depression as their responsibility [22].

Serbia National Health Survey conducted in 2013
(n=19,079) found a 4.1% prevalence of depression (PHQ-
8 total score 10-24) in the general population [23]. The
prevalence of depression in primary health care centers in
Serbia was examined by the Lisulov and Nedi¢ [24], with
PHQ-9 and MINI test.

The objective of the study was to assess the frequency
of depression among patients at the Zvezdara Primary
Health Care Center in Belgrade. We also examined the
relationship between depression and individual risk fac-
tors (socio-demographics, lifestyle characteristics, and
health-related factors).

METHODS
Patients and setting

A cross-sectional study was conducted at the Zvezdara
Primary Health Care Center in Belgrade, Serbia. The study
included patients aged 18-65 who visited three general
practitioners in January 2018. The exclusion criteria were
the following: age under 18 jears, age over 65 years, preg-
nancy and postpartum, mental retardation or intellectual
disability. Patients over 65 were excluded since it was shown
that screening methods available are less robust for this
age group and symptoms of depression often coexist with
medical comorbidities [25, 26]. We excluded 14 patients
who had an appointment with a psychiatrist before the study
began and four who had not filled out the questionnaire.
The final sample consisted of 422 patients. The required
sample size (two-tailed) was calculated for a significance
level of 5% and the power was set at 95%, whereas the pro-
portion of depression was estimated to 25% by the Lisulov
and Nedi¢ [24] study. Our final sample of 422 exceeded
the required minimum sample size of 72 patients. All the
patients were informed on the study objective and the
data collection. The patients gave their written consent to
participate in the study.

The study was approved by the Ethics Committee of the
Zvezdara Primary Health Care Center (No 1641/3) and the
Faculty of Medicine, University of Belgrade (No 29/VI-15).

Data collection

The study instrument was a questionnaire, which consisted
of four sections: socio-demographic and socio-economic
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characteristics, lifestyle characteristics, physical health, and
mental health. Socio-demographic data were obtained by
a questionnaire which included the following information:
sex; age (for further analysis it was stratified into three
clusters — 19-34 years, 35-54 years, and above 55 years),
marital status (single, married, widowed, and divorced),
educational level (elementary school, high school, college,
and university), employment status (employed, unemployed,
other - retired or student), monthly income per person in
the household in Serbian dinars (RSD) - one euro is ap-
proximately 120 RSD (< 10,000 RSD, 10,000-25,000 RSD,
25,000-50,000 RSD, > 50,000 RSD), housing space per person
(less than 10 m?, 11-30 m?, and above 31 m?), number of
family members in the household (one, two, three to four,
five or more members). The lifestyle characteristics were
“Tobacco’ (yes/no) and ‘Alcohol’ (no/regularly/occasionally)
consumption. The third part of the questionnaire included
questions on health-related factors: whether they regularly
took any prescribed medication at the time of this evalu-
ation (yes/no) and whether they had contact with mental
health services during their lifetime (yes/no).

Mental health was assessed by the PHQ-9 questionnaire,
which has been widely used in primary care to quickly as-
sess symptoms of depression and is considered a screening
gold standard [18]. It has nine items scoring nine common
symptoms of depression in the previous two weeks. It has
a four-point rating scale from 0 - ‘not at all’ to 3 - ‘always.
Score 5-9 indicates mild depression, 10-14 moderate
depression, 15-19 is considered moderate-severe depres-
sion, and 20 and above severe depression. The validated
cut-off score of > 10 (sensitivity of 0.85, specificity of 0.89)
has been recommended as an indicator for moderate to
severe depression symptoms [19]. The ninth question of
PHQ-9 measures suicidality (questioning if there were any
“thoughts that you would be better off dead or of hurting
yourself in some way” could be scored “not at all,” “several
days,” “more than half the days,” or “nearly every day”). The
cut-off score of > 1 was used as an indicator of suicidality
(endorsement of “several days” or more to the item).

Data analysis

Descriptive statistics was used to show socio-demographic,
socio-economic, and lifestyle characteristics, as well as
health-related factors of the respondents (age, sex, educa-
tion, employment status, marital status, number of family
members in the household, monthly income per person,
housing space per person, whether participant is taking
any prescribed medication on a daily basis, and previous
contact with mental health service). The difference in
proportions was tested by the x* test. Multivariate logistic
regression analysis was performed to obtain significant
factors (independent variables) associated with depression
(dependent variable) and presented by odds ratio (OR),
95% confidence interval (CI), and p-value. All the data
were analyzed using the IBM SPSS Statistics, Version 20.0
(IBM Corp., Armonk, NY, USA).
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RESULTS

Based on PHQ-9 scores, the patients were divided into
two groups: in the first one there were patients with the
scores < 9, who had none, minimal, or mild depression
(n =270; 64%), and in the second one there were patients
with scores > 10, who had moderate, moderately severe,
or severe depression (n = 152; 36%). Cronbach alpha for
PHQ-9 was 0.90 and ICC was > 0.90.

About two-thirds (68%) of the patients were female. The
majority of these were married (50.2%), 66.8% were employed,
and the majority had a high school education (46.7%). The
monthly income per person ranged 10,000-25,000 RSD (85-210
euros) for most of the patients. About 64% of the patients had
no lifetime contact with mental health services. More than
half were non-smokers (57.8%) and most of them reported
no alcohol consumption (69.9%). About 59% of the patients
were not using any medication on a daily basis (Table 1).

Table 1. Socio-demographic and other characteristics and percentages of positive screens for depression (PHQ-9 > 10)

L Total PHQ-9<9 PHQ-9>10

Characteristics p
n % n % n %

Total 422 100 270 64 152 36
Sex
Female 287 68 188 65.5 99 345 0.342
Male 135 32 82 60.7 53 39.3
Age (years)
19-34 122 29 82 67.2 40 32.8 0.061
35-54 219 52 145 66.2 74 33.8
> 55 80 19 42 525 38 47.5
Marital status
Married 212 50.2 159 75 53 25 < 0.001
Single 125 29.6 76 60.8 49 39.2
Widowed, divorced 85 20.1 35 41.2 50 58.8
Education
< High school 28 6.6 14 50 14 50 0.216
High school 197 46.7 124 62.9 73 37.1
College 74 17.5 46 62.2 28 37.8
University 123 29.1 86 69.9 37 30.1
Employment status
Employed 282 66.8 201 71.3 81 28.7 < 0.001
Unemployed 77 18.2 33 429 44 57.1
Other (student, retired) 63 14.9 36 57.1 27 429
Monthly income per person (RSD)
< 10,000 47 11.2 27 574 20 42.6 0.092
10,000-25,000 223 55.3 136 61 87 39
25,000-50,000 117 28 86 73.5 31 26.5
> 50,000 31 74 19 61.3 12 38.7
Housing space per person (m?)
0-10 26 6.2 15 57.7 11 42.3 0.701
11-30 304 72.9 195 64.1 109 359
> 30 87 20.9 58 66.7 29 333
Number of family members in the household
1 37 8.8 19 51.4 18 48.6 0.420
2 72 17.1 47 65.3 25 34.7
3-4 248 58.8 162 65.3 86 34.7
5and more 65 154 42 64.6 23 354
Any lifetime contact with mental health service
No 270 64 239 72 93 28 <0.001
Yes 152 36 31 344 59 65.6
Smoking
No 244 57.8 164 67.2 80 32.8 0.105
Yes 178 42.2 106 59.6 72 40.4
Alcohol consumption
No 295 69.9 195 66.1 100 339 0.167
Yes 127 30.1 75 59.1 52 40.9
Regular treatment for chronic illnesses
No 249 59 185 74.3 64 25.7 <0.001
Yes 173 41 85 49.1 88 50.9

RSD - the Serbian dinar currency;
p-value < 0.05 was considered statistically significant
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The frequency of the patients who answered positively
on the last question on the PHQ-9 (considering suicidal-
ity) was 10.8%. Around 1.4% of all the patients answered
that they had suicidal thoughts or thoughts about hurting
themselves almost every day.

The logistic regression model showed the association
with depressive symptoms and being married (OR: 0.24,
95% CI: 0.13-0.44), single (OR: 0.43, 95% CI: 0.22-0.83),
unemployment (OR: 3.83, 95% CI: 1.51-9.76), lifetime
contact with mental health services (OR: 3.79, 95% CI:
2.19-6.57), and regular treatment for chronic illnesses
(OR: 3.22,95% CI: 1.94-5.34) (Table 2).

Table 2. Factors associated with depression

Positive screening

Parameters for depression

p | ORE5%CN
Marital status
married < 0.001 0.24 (0.13-0.44)
single 0.013 0.43 (0.22-0.83)
widowed, divorced / Ref. category
Employment status
employed 0.955 1.02 (0.44-2.36)
unemployed 0.005 3.83 (1.51-9.76)
other (student, retired) Ref. category
pny lfetime contactwith mentel | 0001 | 379 (2.19-6.57)
iFIQI«?']geL;Isaerstreatment for chronic <0001 | 3.22(1.94-534)

OR - odds ratio, Cl - confidence interval;
p-value < 0.05 was considered statistically significant

DISCUSSION

This cross-sectional study of depression prevalence in an
urban population of Serbia indicated that more than one-
third of adults attending the Primary Health Care Center
had depressive symptoms of moderate, moderately severe,
or severe intensity. Another study of the primary health
care center population in Vojvodina, by Lisulov and Nedi¢
[24], registered a prevalence of 24.5%. Studies in primary
health care in the world reported prevalence in a wide
range, 2.3-48.5% [6, 7, 9]. Overall, the prevalence in the
primary health care center population is much higher than
prevalence of depression reported in the general population.
For example, prevalence reported by the National Health
Survey conducted in the general population of Serbia in
2013 was only 4.1% [23].

In our study, 1.4% of participants answered that they had
suicidal thoughts almost every day during the previous two
weeks. In the literature, the prevalence of suicidal thoughts
was estimated at around 10%, which meant that suicidal
thoughts were present “more than half the days” or “nearly
every day” in 1/10 adults who were visiting their general
practitioner [27]. By showing that cumulative probability
of both nonfatal and fatal suicidal attempts (according to
response to item 9 of the PHQ-9) was ranging from ap-
proximately 0.4% (1/250) for those responding “not at all’, to
approximately 4% (1/25) for those responding “nearly every

‘ DOI: https://doi.org/10.2298/SARH190322098V
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day;” Simon et al. [27] emphasized the need for sustained
and organized follow-up care to address an ongoing risk
of suicide. We fully support this statement, in particular
related to primary health care center screening practices [27].

Several individual-level factors: lower education, female
sex, economic inactivity and being divorced or widowed,
were associated with increased odds of depression in a
large, multilevel cross-national study of prevalence of
depression, which was conducted in 68 countries [4]. It
was shown previously that women are twice more likely to
experience depression during their lifetime in most studies
[7, 15]. The results of the National Health Survey of the
Republic of Serbia 2013 demonstrated that symptoms of
depression were present in a significantly higher percentage
in women (5.3%) than in men (2.9%) [23]. In our study,
sex was not associated with the likelihood of depression.
This could be explained by numerous social factors in
Serbia, which could have led to an increase in prevalence
of mental health problems. Previous studies have shown
that women are more likely to be depressed in countries in
which they have lower income, and lower socio-economic
status. Women are more likely to be prescribed with more
antidepressants than men are, which may be associated
with higher prevalence reported [22].

Our study showed that married patients are less likely
to have depression compared to single/widowed/divorced
patients, which is in agreement with previous studies [28].
Kessler et al. found that being separated/divorced was as-
sociated with an increased risk of depressive disorders in 12
countries (OR from < 4 to > 8) [13]. Married participants
have strong social support from their partners, which can
serve as a protective factor for depression [16].

Unemployed participants had almost four times higher
likelihood for developing depression disorders. The reason
could be that increase in household spending could stress
unemployed participants more and create suitable environ-
ment for depression [29]. In our study, the likelihood for
developing depression in unemployed patients was three-
fold higher than that for the employed.

Another independent factor associated with depression in
our study was previous contact with a mental health service
(almost four times higher likelihood). Having in mind that
our participants were attending their general practitioners
for general medical care and that those who already had
an appointment with a psychiatrist were excluded, the
correlation of actual depression and any lifetime contact
with mental health services is to be considered further. The
implications of these findings are many, but still beyond
the scope of this paper.

In our study, regular treatment for chronic illnesses was
also associated with higher likelihood (more than three
times higher likelihood). Previous research confirmed that
chronic diseases were predictors for depression. However,
recent studies have demonstrated the inverse causality, i.e.
depression precedes chronic illness [28]. Comorbidities
associated with depressive disorders are highly prevalent
in primary health care practice and a causal link between
comorbid physical disorder and depression is yet to be
studied [30].
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LIMITATIONS general medical practices, helping to choose the most

appropriate interventions and to monitor the outcomes.

Our study revealed a relatively high proportion of de-
pression in adults visiting their general practitioner in
the primary health care center. These results should be
treated with some caution. PHQ-9 scores do rate some of
the patients as depressive despite the fact that psychiatric
clinical examination may often reject this diagnosis (false
positive findings). In the opposite direction, our question
regarding alcohol habits was answered with ‘no’ in 70.2% of
the cases. There is a slight chance that it was a false negative
finding, because the latest reports of alcohol consump-
tion in Serbian population aged 15 years and more, both
sexes, showed higher prevalence of alcohol consumption
in the population (48.4%) in comparison to our findings.
Aforementioned limitations are usual in the evaluations
based on self-report instruments and the truth is that
only physician-administered interview tools with clinical
accuracy will lead to a sufficient diagnostic evaluation for
those at risk. Nevertheless, on a day-to-day basis, the use
of the self-report PHQ-9, with evaluation of both alcohol/
drug consumption and anxiety by screening questions,
remains the briefest, simplest, most accurate way to diag-
nose depressive and other frequent psychiatric symptoms
in the adult population. Patients can complete and score
the questionnaires themselves in the waiting room prior
to seeing their doctor. Consistent use of this approach in
primary health care centers could improve our national
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Yyecranoct u KopenaTtu p,enpecuje Ha NPUMapHOM HUBOY 34paBCTBEHE 3alUuTUTe

y beorpaay

Mapa Byuypesuh', MuneHa Byjosuh? Mupjana CtojaHosuh-Tacuh?, Haha M. Mapuh*

'Nlom 3paBsba,3Be3fapa’, beorpag, Cpbuja;

2KnuHuukn ueHtap Cpbuje, KnuHuka 3a ncuxujatpujy, beorpag, Cpbuja;

*Ynuep3utet y MpuwtuHu - Kocoscka MutpoBsuua, MegnumHcku dpakyntet, Kococka Mutposuua, Cpbuja;
*YHnBep3uTeT y beorpagy, MeguumHckmn ¢pakyntet, IHCTUTYT 3a MeHTanHo 3apasrbe, beorpag, Cpbuja

CAXETAK

YBoa/Lnm Yuectanoct genpecuje mehy ncnmtaHuymma Ha
HVBOY NPVMapHe 3APaBCTBEHE 3aLUTHTE je penaTrBHO BUCOKa.
Linsb oBe cTyauje 610 je fa ce UCNWTa yYecTanocT aenpecuje
mehy 6onecHuLMa Koju Cy MOCETUAN CBOT U3abpaHor nekapa
y Homy 3apaBsba ,3Be3gapa” y beorpaay, kao v fa ce ncnuta
NoBe3aHOCT Jenpecuje ca HAUBMAYanHUM GpakTopumMa pr3m-
Ka (couujanHo-gemorpadckmm, KapakTeprcTrkama XUBOTHOT
cTuna n GakToprMa noBe3aH1M ca 34PaB/bem).

MeTtop Ctyauja npeceka, Koja je obyxBatuna 422 ogpacna
yyecHvKa mnaha op 65 roguHa, cnpoBefeHa je y [lomy 3apa-
B/ba 3Be3gapa” y beorpagy, Cpbuja, Tokom jaHyapa 2018. ro-
auHe. IHCTpyMEHT UcTpaxurBatba 610 je YNUTHUK 0 3apaBiby
nauujeHata (Patient Health Questionnaire 9, PHQ-9). [paHnyHa
BpPefHOCT je n3Hocuna =10. lNprmereHa je MynTBapujaHTHa
NOTUCTUYKA perpecnoHa aHanumsa.

Pesynratm Kog 36% ocoba yTBpheHa je aenpecmBHOCT (yme-
PEHN, YMEPEHO TELIKM WX TELLKW CTEMEH U3PAXKEHOCTN), LOK

DOI: https://doi.org/10.2298/SARH190322098V

je 1,4% cBux ncnutaHnKa nMaso CymuuaHe MUCIN CKOpPO CBa-

KW AaH TOKOM MocneAre ABe Heaesbe. MyntuBapujaHTHa no-
TMCTUYKa perpecyja je nokasana noBe3aHOCT AeMPeCcMBHOCTM
1 6payHor ctatyca - y 6paky (OR: 0,24; 95% Cl: 0,13-0,44), He-
oxerbeH/Heypaata (OR: 0,43; 95% CI: 0,22-0,83), Kao 1 He3anoc-
neHoct (OR: 3,83; 95% Cl: 1,51-9,76), npeTxofHOr KOHTaKTa ca
cnyx6ama 3a MmeHTanHo 3gpasbe (OR: 3,79; 95% Cl: 2,19-6,57)
1 perynapHe Tepanuje 3a XxpoHuuHe 6onectu (OR: 3,22; 95%
Cl: 1,94-5,34).

3aksbyuak OBa CTyguja je noKasana penaTMBHO BUCOKY yyecT-
anocT AenpecmBHOCTM Mehy NCNUTaHVLKMA Y AOMY 3[PaBJba.
MpoHalwnu cmo noBe3aHocT n3mehy aenpecuje v 6payHor
CTakba, 3aMnocsetba, NPETXOHYX KOHTaKaTa ca Cily’>K6om MeHTan-
HOT 3paBJba 1 pefoBHe Teparuje XPOHUYHUX bonecTu. MHCTpy-
MeHT PHQ-9 MoXe ce npryMermBaTh y NPUMapHOj 30paBCTBEHO)
3awTutn y Cpbuju.

KmbyuHe peun: fenpecuja; yuectanoct; npuMapHa 34paBcTBeHa
3alTnTa
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Factors that are associated with the development of
acute respiratory infections in the kindergarten — an
analysis of the population of 1,528 children

Radica Tasi¢', Divna Kekus', Natasa Rosic?

'Medical College of Applied Sciences, Belgrade, Serbia;
Znstitute of Public Health, Belgrade, Serbia

SUMMARY

Introduction/Objective Acute respiratory infections (ARI) are very common amongst children attending
preschool institutions (Pls) and they represent a significant public health problem. Strict compliance with
the legal regulations should reduce the incidence of respiratory infections in children.

The aim of this research was to determine predictors for the appearance of ARl in kindergarten.
Methods The research was conducted as a cross-sectional study at the six Pls located on the territory
of Vozdovac municipality during a six-month period (from January to June 2016). The target population
consisted of 1,528 children who were between three and seven years old. Data analysis was done using
descriptive statistics (x test and Spearman’s rank correlation coefficient).

Results The increase in the number of children for 30% above the norm was a predictive factor for
the increase of respiratory infections (p < 0.001). Sex differences were not a predictive factor for the
emergence of respiratory infections in any age group. In all organizational units, March was the period
when respiratory infections were on the increase (37.2%, p < 0.001), and it was significantly higher
(p < 0.001) in cases, when the diseased child had a brother and/or a sister in the same kindergarten.
During the observed period, the number of teachers corresponded to the range of one educator per 12
to 19 children. A constant number of educators could not reduce the incidence of respiratory infections,
especially during the February-March period (p < 0.001).

Conclusion In addition to active treatment and strict compliance with the legal regulations in the organi-
zation of Pls, the reduction in incidence of respiratory infections in preschool children could be achieved
if the number of enrolled children complied with the standard, as well as by preventive procedures in
children’s groups: avoiding overheated and dry air, regular ventilation, fresh air, well-planned diet, physi-

cal activity, personal hygiene and cleanliness.

Keywords: kindergarten; respiratory infections; predictors

INTRODUCTION

Preschool upbringing and education of children
in Serbia is regulated by the Law on the Educa-
tion System Foundations, as well as the Law on
Preschool Education within the framework of a
unified system of education that is in accordance
with the Constitution and ratified international
conventions, such as Convention on the Rights
of the Child, which emphasizes the rights of
preschool children to develop, as well as meeting
their educational, cultural, health, and social
needs [1, 2]. In addition to educational work
with children as defined by the law, preschool
institutions (PIs), which comprise of nurseries
and kindergartens that provide daycare ac-
commodation, meet the needs of preventive
health care, nutrition and social protection of
children as well. These functions are performed
by nursery and kindergarten teachers. At the
level of PIs, there are pedagogues, psychologists,
speech therapists, social workers, dietitians, and
nurses, who work on prevention and, if neces-
sary, other associates.

The preschool age of a child carries specific
risks of increased incidence of acute respiratory

infections (ARI). Primarily, there is decreased
ability to produce antibodies for certain groups
of bacteria, given the dynamics of the production
of Immunoglobulin G antibody subtypes. Im-
munoglobulin G2 antibodies work on bacteria
with a polysaccharide capsular membrane, and
their maximum level of action is expressed at
the age of 12 [3]. Staying in children’s nurseries,
where children are in contact with peers of the
same age, leads to a greater exposure to potential
sources of infection. In children’s groups with
the mixed age structure, this danger is lower, and
thus is the incidence of respiratory tract infec-
tions. In addition, older children have already
adopted hygienic habits, and there is less chance
of spreading the infection with dirty hands, by
the secretion from the nose and mouth.
Children who are not in the system of daycare
accommodation institutions like kindergarten,
mostly suffer from viral infections. On the other
side, children who are in daycare accommodation
suffer equally from viral, bacterial, and mixed
infections. The risk of respiratory infections is
three times higher in the age group between two
and five, compared to children of the same age
who are at home, and it is more frequent in the
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urban population group. The early enrollment to nursery is
associated with frequent childhood illnesses (averagely up
to three times a month). For the first time, those children
are in contact with a larger number of children, whereas
some of whom have a cold, some are in the infectious
disease incubation, and some are healthy [4, 5]. Only
after the third year of stay in the collective, the incidence
of illness falls to the incidence rate of children who do not
attend kindergarten. After a three-year-old child goes to
the kindergarten for the first time, he is exposed to one or
two episodes of airway inflammation annually, and after
two years, the frequency decreases to the level of children
who do not attend the kindergarten. Children who have
an older brother or sister, who attends kindergarten as
well, meet these diseases at home, and when they go to the
kindergarten, they are less likely to be sick.

The aim of this research was to determine factors that are
associated with the appearance of ARI among children who
are attending daycare accommodation in the kindergarten.

METHODS

The research was conducted as a cross-sectional study at
the Cika Jova Zmaj PI in Belgrade, which organizes and
delivers daycare in 29 kindergartens in the area of Vozdovac
municipality. This study was conducted from January to June
2016, in six kindergartens that belong to the Cika Jova Zmaj
PI (Cika Jova Zmaj, Plavi Cuperak, Sestre Bukumirovi¢,
Mala Sirena, Vivak, and 1001 Radost), which presents 20%
of all kindergartens (6/29). A total of 1,528 children were
enrolled there (739 girls and 789 boys, 48.4% vs. 51.6%),
and they were organized in sixty educational groups.
This number of children accounts for 35% of all enrolled
children within this PI, and 40% of all educational groups.
Internal questionnaires were used for the purposes of this
research, as well as records and workbooks for each educa-
tional group. Socio-demographic data on the age, sex, and
siblings in the family were retrieved from these records. In
addition, we used data on the number of children enrolled
in educational groups in relation to age; the total number

Tasi¢ R. et al.

of children enrolled at each kindergarten (all groups); the
prescribed legal norm of the maximal number of children
that could be enrolled in one particular kindergarten (it
is determined by the capacity of the kindergarten) and
the number of absent children from the group due to the
ARI (ill episode). Data on the number of engaged educa-
tors per group were also recorded on a daily basis at each
kindergarten.

Data analysis was performed using descriptive statistical
methods. Results were presented in absolute numbers and as
percentages. x* test was used to assess statistically significant
differences between groups. Spearman’s correlation analysis
was used to assess significant correlations. The line graph
was used to present the most important findings. All data
were analyzed using SPSS 20.0 (IBM corp., Armonk, NY,
USA) statistical package and MS Excel 2007 (Microsoft
Corp., Redmond, WA, USA). Statistical analysis was based
on the probability level of 95%.

All procedures performed in the study were in accordance
with the institutional Committee on Ethics.

RESULTS

The number of children enrolled in six kindergartens within
the Cika Jova Zmaj PI during the observed period from
January to June 2016, compared to the prescribed norm
for the ages of three, four, five and six is shown in Table
1, while the number of registered ARI in kindergartens in
this period are shown in Table 2.

In every kindergarten, the number of registered children
was higher than the number that is recommended by the
norm in all age groups. Mala Sirena kindergarten was lead-
ing when it came to the number of children enrolled. There
were 441 children in total, or 32% children more than the
envisioned norm in the period from January to June 2016.
During this period, there were 678 cases of registered ARI,
and on average, it is 47% more infections compared to other
kindergartens (Figure 1). Correlation analysis found that
there was a statistically significant association between the
number of children above the norm and the occurrence of

Table 1. The number of enrolled children, the norm, and percentage of difference (%)

A The number of enrolled children / the norm (% difference) el
e <
E Cika Jova Zmaj Plavi ¢uperak | Sestre Bukumirovic¢ Mala sirena Vivak 1001 Radost
3 63/52 31/20 69/40 146/100 33/20 84/60 426/292
+21% +55% +73% +46% +65% +40% +46%
4 36/24 68/48 66/48 92/72 35/24 64/48 361/264
+50% +42% +38% +28% +46% +33% +37%
5 36/24 56/48 87/68 112/72 11/12 85/72 387/296
+50% +17% +28% +56% -8% +18% +31%
6 33/24 72/48 75/48 91/72 24/24 59/48 354/264
+38% +50% +56% +26% 0% +23% +34%
Total 168/124 227/164 297/204 441/316 103/80 292/228 1,528/1,116
+35% +38% +46% +40% +29% +28% +37%
Table 2. The number of acute respiratory infections (ARI) episodes in six kindergartens in the period from January to June 2016
Number of ARl episodes Cika Jova Zmaj | Plavi ¢uperak | Sestre Bukumirovi¢ | Mala sirena Vivak 1001 Radost Total
Total in the observed period 186 275 249 678 127 347 1,862
Average number per month 31 45.8 415 113 21.2 57.8 3103
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Figure 1. The absence of ill children in the observed period for each
kindergarten

ARI (p = 0.475; p < 0.001). Figure 2 presents
the illustration of the total absence of children
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Figure 2. The absence of children in the observed period for all kin-
dergartens

Table 3. Number of registered absences due to acute respiratory infections (ARI) epi-
sodes in all kindergartens during the six-month period and characteristics of children

between three and six years due to ARI dur-
ing the observed period for six kindergartens
covered by the observed sample in Cika Jova

Children

characteristics

Total
number of
registered
absences

Number of children registered as absent due to ARI

January | February | March | April | May | June

Zmaj PI. In the group of preschool children, |Sex

the highest number of respiratory infections | Female

152 192 275 152 98 52 921

was registered in the period from January to | Male

161 166 293 157 | 101 63 941

April, with a peak in March.

Siblings in the kindergarten

Number of registered absences due to the | No

117 138 225 118 75 51 724

ARI ill episodes in all kindergartens during | Yes

196 220 343 191 124 64 1138

the six-month period, and characteristics of | Total

313 358 568 | 309 | 199 | 115 1862

children, in terms of their sex and whether
they have siblings in the same kindergarten, is
presented in Table 3. There was no statistically significant
difference in relation to the sex of children, while statistically
higher incidence of ARI was registered among children who
had a brother and/or sister in the same kindergarten, in
comparison to those who did not (x> = 29.864; p < 0.001).
As shown in Figure 3, the incidence of ARI in all six
kindergartens was highest in March, 37.2% (x* = 172.069;
p <0.001), with the tendency to decline toward June, when
just 7.5% were absent due to the ARI (p < 0.001). During
the observed period, a constant number of teachers was
present in six kindergartens at the Cika Jova Zmaj PI level,
despite the fact that there were 25-45% less children than
usual, just due to the ARI (p = 0.492; p < 0.001).

DISCUSSION

The results of our study indicate that an increase in the
number of children above the norm by 30% is a statistically
significant preemptive factor for the increase in respiratory
infections (p < 0.001). The sex of a child in any age group
was not a predictive factor for the emergence of respira-
tory infection.

In all organizational units, March was the period when
there was a statistically significant (p < 0.001) increase
in respiratory infections and it was significantly higher
(p <0.001) in cases when the ill child had a sibling in the
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Figure 3. The absence of children in all kindergartens, all ages, during
the observed period

same kindergarten. During the observed period, the number
of educators corresponded to the range of one educator per
12-19 children. A constant number of educators due to the
number of children, which was above the norm, could not
reduce the incidence of respiratory infections, especially
in the period from February to March (p < 0.001). In the
observed period from January to June 2016, the maximum
incidence of respiratory infections was in March at 37.2%,
with the tendency to decline to 7.5% in June (p < 0.001).
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The consequences of respiratory infections of children
attending PIs represent a significant public health problem.
The ill child has to remain at home and be cared for until it
recovered. It implies that one parent has to take days off work
and stay at home as well, which causes work absenteeism, if
there are no available family members who would look after
the ill child (usually grandparents). This type of infections
requires medical checkup and often prescription of antibiotic
therapy, which implies certain costs. By changing the norm
(by increasing the size of the space in which children stay and
creating age-mixed groups), the rate of respiratory infections
could be reduced. In Denmark, children enter the national
kindergartens at the age of 18 months [6]. In the age group
of 18-24 months, there are six children in the group, who
are looked after by two people, while children 24-36 months
are in groups of 12 with two educators assigned.

The risk degree for airway inflammation is three times
higher in the group of children, who are two and a half
years old in kindergartens, compared to the group of chil-
dren of the same age, who are at home [7-10]. A Swedish
group of authors state that children attending classical
kindergartens are twice as likely to be absent due to ill-
ness, compared to children in small groups of three to six
children [11]. Similar results are also found by an Ameri-
can Prospective Study, where the frequency of respiratory
infections was monitored in three groups of children; the
tirst group consists of children who do not reside in the
collective daycare; the second group of children who were
accommodated in family groups of two to six children; and
the third group consisted of children who were attending
classic kindergartens with more than seven children in the
group [12]. In the third group of children aged two, there
was significantly higher incidence of respiratory infections.
This difference disappears after three years of residence in
the collective. Danish authors did not find the connection
between the amount of time children spend outdoors and
in the kindergarten. However, they did find that the higher
level of hygiene standards has an effect on reducing the
incidence of respiratory tract infections [6]. This study
shows that about 30% fewer sick days are present with
children under parental care, who do not attend classic
kindergartens. Chinese authors found higher risk of ARI
in the group of children with allergies [13].

Within one year, out of 100 children suffering from
ARI, 58 children were in kindergarten, while additional
12 were ill because of an older sibling who has been sick
in the nursery. Only 30 of them had no contact with the
group and they were infected by another source (inside
the household 83%, neighborhood 11% and unknown
6%). Bacterial inflammation of the airways is dominant
in kindergarteners, whose treatment requires the use of
antibiotics, which increases the cost of treatment [12, 14].

Therefore, special significance has to be given to preven-
tive procedures in children’s collectives: avoiding overheated
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and dry air, regular ventilation, fresh air, well-planned nu-
trition, physical activity, personal hygiene, and cleanliness.
Hygienic habits are an important factor in the emergence
of infectious diseases in children’s collectives. Thus, wash-
ing hands (a child or an educator) after wiping the nose,
changing diapers, before feeding, or preparing a meal is
to a large extent statistically associated with an increased
incidence of respiratory illnesses [15, 16]. The equal de-
gree of association exists regarding the claim that there
are greater chances of ARI when using a commonly used
towel (instead of paper towels), as well as when washing
blankets less than once a week [17]. Pan et al. [18] find that
increasing age of children and higher paternal education
are associated with lower risk of bacterial carriage.

By changing the norm (by increasing the size of the space
in which children stay and creating mixed age groups), the
amount of infectious diseases could be reduced. It is also
necessary to consider the socioeconomic justification of the
early departure of children into nurseries (already at the age
of six months), especially having in mind the spatial and
staff inadequacy of the institutions for the care of infants.
It should be emphasized that the cost of nursing care for a
sick child is considerably higher than that of a child who
stays at home because they often have someone to take care
of them during the absence of their parents (unemployed
parent, grandmother, etc.). In our conditions, the direct
costs, the cost of sick leave (without indirect costs) and the
kindergarten costs, triple the cost of treatment.

CONCLUSION

Respiratory infections at preschool age present a specific
sociomedical and public health problem that could be
prevented to some extent. The population of children of
preschool age during the first phase of staying in a collective
goes through the process of adaptation and separation from
parents. The probability of early prevention is significantly
reduced if we consider staying in a group during the in-
cubation period of respiratory infections. Frequent lack of
understanding of employers for the absence of parents, who
need to take care of their children, causes the reduction
of time used for treatment. Thus, insufficiently recovered
children are often sent back to kindergarten, which causes
the increased risk of repeated infection. It further induces
a longer absence of parents from work in order to take care
of an ill child. Therefore, strict adherence to the regulated
norms of the organization of PIs and preventive measures
in order to keep down respiratory infections during the
winter time could be the basis for the reduction of the
number of children, who suffer from respiratory infections.

Conflict of interest: None declared.
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daKTOpK yApPYKEHU Ca NOjaBOM aKyTHe pecnupaTtopHe uHdekumje
y NPeALWKONCKMM YCTaHOBaMa — aHaK3a nonynauuje og 1528 paeue

Papuua Tacuh', AusHa Kekyw!', Hatawa Pocuh?

'Bucoka 3apaBCTBEHa LLUKOMa CTPYKOBHUX CTyAuja, beorpap, Cpbuja;
“[paAcKu 3aBog 3a jaBHO 3apaBibe, beorpag, Cpbuja

CAXETAK

YBoa/Uwmb Mocnepnue akyTHUX pecnupatopHnX MHpekumja
JeLle Koja noxahajy npefLKoncKe yCTaHOBE NpefCcTaB/bajy
3HavajaH jaBHO3LpaBCTBEHM NPobniem. CTPUKTHO NOLITOBaHEe
NpOoNnVcaHyX HOPMaTBa U NPEBEHTVBHUX NOCTyNaKa y Aeyjum
KONEKTUBMMA AOBESIO 61 0 CMatber-a CToMNe PecrnmpaTopHUX
nHdeKUmja Koa aeLie.

Ll Hawer nctpaxuBatsa 6110 je oapehrBare npefuKTopa 3a
HaCTaHaK aKyTHVX pecrnupaTopHuX nHdekumja y Bptuhy.
MeTope /icTpaxmBatrbe je CnpoBeAeHO Kao CTyanja npeceka
y NPEeALIKOJICKOj YCTaHOBM Ha Noapyyjy onwTtnHe Boxpaosaly
TOKOM nepuopga jaHyap-jyH 2016. rogure. Linmbany nonynauujy
yYnMHWNO je 1528 felle y3pacTa oA TPy A0 cefjam roguHa ynmca-
HUX Yy WwecT BpTha. AHann3a nofjaTtaka BpLUEHA je MeToAOM
OEecKpuUnTrBHe cTatucTuke (x> 1 CNMpMaHoB TecT).

PesynTatm Mosehame 6poja feLe n3Hag HopmaTtuea 3a 30%
NpPeaVKTOPHU je GaKTop 3a MOpacT pecnpaTopHNX NHOEK-
uuja (p < 0,001). MNMon geTeTa HX Y jeAHOj y3pacHOj rpynu Huje
npenuKTOpHK GaKTop 3a HaCTaHaK pecnupaTopHe NHbeKLuje.
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Y cBMM OpraHun3aLnoHMM jeArH1LLAMa MapT je nepuog Kaga
[0N1a3n fo nopacTa pecnupatopHux nHoekumja (37,2%, p <
0,001), 3HauajHo BuLe (p < 0,001) y cnyyajeBrMa Kaga oboneno
JeTe nma bpata u/unu cectpy y uctom sptuhy. Tokom neprioaa
npaherba 6poj BacnuTaya je ofroBapao oncery jefHor Bacnui-
Taua Ha 12 po 19 geue. CtanaH 6poj Bacnutaya Huje morao aa
CMatby yyecTanocT pecnmpaTopHux MHdeKLmja, NocebHo y
nepviogy ¢pebpyap-mapT (p < 0,001).

3aKsbyyaK [lope akTUBHOT Jle4etba 1 CTPMKTHOT MOLUTOBaHa
3aKOHCKVIX MPOMM1ca y OpraHm13aLvjy NpeaLwKosicKUX yCTaHoBa,
CMatberbe yYecTaiocTu PecnmpaTopHUX MHGEeKLMja y NpepLU-
KOJICKOM Y3pacTy ce NOCTUKe MPEBEHTUBHMM NOCTynUuMa y
[eyjm KoneKTMBMMa: n3beraBarbe NperpejaHor 1 cyBor Bas-
JyXxa, PefOBHO NMPOBETPaBatbe, bopaBak Ha CBEXEM Ba3ayxy,
[06pO NnaHupaHa ncxpaHa, GU3nyKe akTUBHOCTU, IMYHA XN~
rmjeHa n xurujeHa npocTopa.

KrbyuHe peun: npefjLIKOJCKe YCTaHOBE; PeCnpPaTOpHE WH-
dbekuuje; npegnkTopyr

www.srpskiarhiv.rs



DOI: https://doi.org/10.2298/SARH180727102P

UDC: 615.31:579.841.1; 615.281.9

ORIGINAL ARTICLE / OPUTUHAJTHN PA[]

Inhibitory effect of propafenone derivatives on
Pseudomonas aeruginosa biofilm and pyocyanin
production

Snjezana Petrovic’, Jasmina Basi¢?, Zoran Mandini¢3, Dragana D. Bozi¢, Marina Milenkovi¢*,
Zorica Vuji¢®

'University of Belgrade, Institute for Medical Research, Centre of Research Excellence in Nutrition and
Metabolism, Belgrade, Serbia;

*Medical College of Applied Sciences in Belgrade, Zemun, Serbia;

3University of Belgrade, School of Dental Medicine, Clinic for Pediatric and Preventive Dentistry, Belgrade,
Serbia;

*University of Belgrade, Faculty of Pharmacy, Department of Microbiology and Immunology, Belgrade, Serbia;
SUniversity of Belgrade, Faculty of Pharmacy, Department of Pharmaceutical Chemistry, Belgrade, Serbia

SUMMARY

Introduction/Objective Biofilm and pyocyanin production are essential components of Pseudomonas
aeruginosa virulence and antibiotic resistance.

Our objective was to examine inhibitory effect of synthetized propafenone derivatives 3-(2-Fluoro-
phenyl)-1-(2- (2-hydroxy-3-propylamino-propoxy)-phenyl)-propan-1-one hydrochloride (50F) and3-(2-
Trifluoromethyl-phenyl)-1-(2-(2-hydroxy-3-propylamino-propoxy)-phenyl)-propan-1-one hydrochloride
(5CF3) on biofilm and pyocyanin in Pseudomonas aeruginosa clinical strains.

Methods Effects were tested on nine clinical isolates and one control laboratory strain of P. aeruginosa.
In vitro analysis of biofilm growing was performed by incubating bacteria (0.5 McFarland) with 50F and
5CF3 (500-31.2 pg/ml) and measuring optical density (OD) at 570 nm. Bacteria in medium without com-
pounds were positive control. Blank medium (an uninoculated medium without test compounds) was
used as negative control. Pyocyanin production was estimated by OD at 520 nm, after bacteria incubated
with 5CF3 and 50F (250 and 500 pg/ml), treated with chloroform, and chloroform layer mixed with HCI.
Results A total of 500 pg/ml of 50F and 5CF3 completely inhibited biofilm formation in 10/10 and 4/10
strains, respectively. A total of 250 ug/ml of 50F and 5CF3 strongly inhibited biofilm formation in 7/10
strains, while inhibition with 125 pg/ml of 50F and 5CF3 was moderate. Lower concentrations had almost
no effect on biofilm production. Pyocyanin production was reduced to less than 40% of the control value
in 6/9, and less than 50% of the control in 7/9 strains with 500 pug/ml of 50F and 5CF3, respectively. At
250 pg/ml 50F and 5CF3, most strains had pyocyanin production above 50% of the control value.
Conclusion Synthetized propafenone derivatives, 50F and 5CF3, inhibited biofilms and pyocyanin produc-
tion of Pseudomonas aeruginosa clinical strains. Presented results suggest that propafenone derivatives
are potential lead-compounds for synthesis of novel antipseudomonal drugs.

Keywords: propafenone derivatives; Pseudomonas aeruginosa; biofilm; pyocyanin

INTRODUCTION phagocytosis and pronounced antibody re-

sponse, those infections lead to chronic inflam-
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As an opportunistic human pathogen, Pseudo-
monas aeruginosa has evolved a number of im-
munoevasive strategies to impair host defense,
including growing in biofilm [1, 2].

Biofilms are bacterial clusters encased in
self-produced polymeric matrix attached to
the epithelial surfaces or surface of medical
implants. They are characterized by lower met-
abolic activity, increased synthesis of protec-
tive molecules, prolonged doubling time, and
genetic diversity of bacterial cells, all together
improving bacterial tolerance to antibiotics
and survival in harsh conditions [3, 4]. Bio-
film production in Pseudomonas aeruginosa is
a well-known causative agent of antibiotic resis-
tant infections in humans, such as pneumonia,
and infections in patients with bronchiectasis
and cystic fibrosis [5, 6]. Due to resistance to

mation, often with a severe fatal outcome (7, 8].
Thus, there is an urgent need to develop new
drugs for the treatment of Pseudomonas aeru-
ginosa biofilm-associated infections. In addi-
tion, Pseudomonas aeruginosa pathogenicity is
intimately linked to its ability to produce large
variety of virulence factors, including phen-
azine, and most abundant pyocyanin [9, 10].
Pyocyanin is highly diffusible blue pigment,
which can interact with molecular oxygen and
stimulate generation of oxygen radicals, leading
to redox disbalance, injury and death of host
cells [11]. As virulence factor in chronic lung
infection pyocyanin disrupts redox control,
inhibits respiration in human cells, accelerates
neutrophil apoptosis, therefore impairing host
defense and favoring bacterial persistence [12,
13, 14].
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Considering that ion channels are integral part of each
living cell, which play a key role in cell division, prolifera-
tion, excitation, and apoptosis, modulators of ion chan-
nel activity have become important target molecules in
medical chemistry [15]. Propiophenone is relatively simple
compound commercially obtained from benzoic and pro-
pionic acid, it has channel-modulatory effect and serve as a
precursor of numerous drugs (e.g. ephedrine, arylalkene)
[16, 17, 18]. Propiophenone derivatives called propafenone
are primarily known on their antiarrhythmic action, but
they are also involved in treatment of many different dis-
eases including lupus erythematosus, epilepsy, Alzheimer’s
disease, malaria, ebola, cancer [19-25]. In addition, re-
cent studies have shown that analogs of propafenone ex-
hibit antifungal activity [26]. Therefore, the molecule of
propafenone has become a model of compounds used in
multidrug-resistant studies [27].

Since data on antibacterial activity of propafenone de-
rivatives are scarce, we decided to test potential antibac-
terial activity of 3-(2-Fluoro-phenyl)-1-(2- (2-hydroxy-
3-propylamino-propoxy)-phenyl)-propan-1-one hydro-
chloride (50F) and 3-(2-Trifluoromethyl-phenyl)-1-(2-(2-
hydroxy-3-propylamino-propoxy)-phenyl)-propan-1-one
hydrochloride (5CF3). Even more, because the influence
of propafenone derivatives on the Pseudomonas aerugi-
nosa biofilm and pyocyanin production has not yet been
tested, we expanded our examinations on the influence of
propafenone derivatives on expression of Pseudomonas
aeruginosa virulence factors.

In the present study, we aimed to evaluate the inhibitory
effects of ortho-fluorinated propafenone derivatives, which
were synthetized in our laboratory, on biofilm and pyocya-
nin production in Pseudomonas aeruginosa clinical strains.

METHODS

Effect of ortho-fluorinated propafenone
derivatives on the Pseudomonas aeruginosa
biofilms

Test compounds

Ortho-fluorinated propafenone derivatives were synthe-
sized at the Department of Pharmaceutical Chemistry,
Faculty of Pharmacy, University of Belgrade, Serbia: 5CF3:
3- (2-Trifluoromethyl-phenyl) -1- (2- (2-hydroxy-3-pro-
pylamino-propoxy) -phenyl) -propan-1-one hydrochloride
and 50F: 3- (2-Fluoro-phenyl) -1- (2- (2-hydroxy-3-pro-
pylamino-propoxy) -phenyl) -propan-1-one hydrochloride
[28]. The structure of synthesized derivatives was spec-
trophotometrically analyzed at FT-IR spectrophotometer
Nicolet iS10 (Thermo Fisher Scientific Inc., Waltham, MA,
USA) [29].

The stock solutions of 5CF3 or 50F (1 mg/ml) were
prepared in 5% dimethyl sulfoxide (DMSO). The work-
ing solutions were prepared in trypticase soybean broth
(TSB) with the addition of 1% glucose (Lab M Limited,
Lancashire, UK) according to Knobloch et al. [30]. The
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concentrations of working solutions of 5CF3 or 50F were
31.2, 62.5, 125, 250, and 500 pg/ml. In previous stud-
ies, we already investigated antimicrobial effect of tested
compounds in the concentration range from 500 pg/ml
to 62.5 ug/ml, and the best activity was observed for
250 ug/ml and 500 pg/ml of 50F and 5CF3 [31].

Pseudomonas aeruginosa clinical isolates

The effects of tested compounds were investigated on nine
clinical isolates obtained from urine (strains 1, 2, 5, 8, 9),
ear swab (strains 3, 6, 7) or sputum (strain 4) and one labo-
ratory control strain (ATCC 27853). Bacteria were stored
at -70°C in Brain Heart Infusion Broth (Lab M Limited)
until needed.

Culture medium

TSB and trypticase soybean agar (Lab M Limited) were
used.

Analysis

Biofilm production and quantification were performed
according to protocols described by Stepanovi¢ et al. [32].
Briefly, bacteria were resuspended in saline to the density
of a 0.5 McFarland standard (~10% CFU/ml). In 96 microti-
ter plates, 180 pl of test compounds and 20 pl of bacterial
suspension were added in triplicate. Bacteria incubated
in medium without test compounds were used as positive
control, while blank medium (uninoculated medium with-
out test compounds) represented negative control. After
incubation, which lasted 24h at 35°C, plates were washed
in phosphate buffer (PBS, pH 7.2), dried, fixed with metha-
nol, and stained with 2% crystal violet (Himedia, Mumbai,
India). After washing, the color was extracted from bacte-
ria with 96% ethanol. The OD was measured spectrophoto-
metrically at 570 nm (ICN Flow Titertek Multiscan Plus,
ICN, USA). Each experiment was repeated three times. To
calculate the category of biofilm production, the optical
density cut-off (ODc) was determined as three standard
deviations above the mean OD of the negative control.
According to the calculated results, all tested strains were
categorized into four groups: OD < ODc - category 0 (no
biofilm production); ODc < OD < 2 x ODc - category 1
(weak biofilm production); 2 x ODc < OD <4 x ODc - cat-
egory 2 (moderate biofilm production), and 4 x ODc < OD
- category 3 (strong biofilm production).

Effect of ortho-fluorinated propafenone
derivatives on the Pseudomonas aeruginosa
pyocyanin production

Test compounds
Ortho-fluorinated propafenone derivatives, 5CF3 and 50F,
were synthesized at the Department of Pharmaceutical

Chemistry, Faculty of Pharmacy, University of Belgrade,
Serbia.
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Working dilutions of 250 and 500 pg/ml 5CF3 and 50F in
5% DMSO were prepared from the stock solution of 1 mg/ml
in 5% DMSO. Working concentrations were chosen based
on our results about 5CF3 and 50F effect on biofilm for-
mation, where concentrations of 250 pg/ml and 500 pg/ml
appeared to have the strongest inhibitory effect.

Pseudomonas aeruginosa clinical strains

The effects of tested compounds were investigated on nine
Pseudomonas aeruginosa clinical isolates. The sources of
bacteria and storage conditions were the same as previ-
ously described in section Methods.

Culture medium

Mueller-Hinton broth for bacteria (Torlak, Belgrade, Ser-
bia) was used (Figure 1).

Pyocyanin determination

Pyocyanin was determined as previously described by
Glamoclija et al. [33]. Five milliliters of bacterial cultures
in exponential phase of growth were incubated with test
compounds for 24h at 37°C and then treated with 3 ml of
chloroform. Separated chloroform layer was mixed with
1 ml of 0.2 M HCI. OD was measured at 520 nm [34].
Positive controls for each isolate were cultivated at the
same conditions in medium without tested compounds.
Values were expressed as a ratio (OD,, /OD_ ) x 100. Two
experiments, each in triplicate, were performed. Results
were calculated as the percent of the pyocyanin production
compared to the positive control (expressed as 100% * SD).

Statistical analysis

Obtained data were analyzed using statistical analysis soft-
ware package — SPSS Statistics Version 18.0 for Windows
(SPSS Inc., Chicago, USA) and Student’s t-test [35].

RESULTS

Effect of ortho-fluorinated propafenone
derivatives on the Pseudomonas aeruginosa
biofilm formation

Ortho-fluorinated propafenone derivatives, 50F and 5CF3,
inhibited production of Pseudomonas aeruginosa biofilms.
The intensity of inhibitory effects changed in concentra-
tion dependent manner, thus, higher drug concentrations
lead to stronger inhibition. The highest inhibition occurred
at concentration of 500 pg/ml of both compounds. When
the 50F and 5CF3 concentrations decreased to 250 pg/ml,
125 pg/ml, 62.5 pg/ml, or 31.2 ug/ml, the inhibitory effect
was also decreased. In addition, there was a variance in dif-
ferent isolates sensitivity to particular drug concentration.
Biofilm formation was completely inhibited by 500 pg/ml
of 50F and 5CF3 in 10/10 and 4/10 strains, respectively.

‘ DOl: https://doi.org/10.2298/SARH180727102P
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In 7/10 strains, biofilm formation was strongly inhibited
by 250 pg/ml 50F and 5CF3, while inhibition with 125 pg/
ml 50F and 5CF3 was moderate. In the presence of lower
50F and 5CF3 concentrations, 62.5 ug/ml and 31.2, 8/10
tested strains exerted strong biofilm production. Catego-
ries of biofilm production in different isolates and in the
presence of various concentrations of tested compounds
are presented in Table 1 and 2.

Table 1. In vitro effect of 50F on the biofilm production of Pseudo-
monas aeruginosa

50F pg/ml
Parameters | soo | 250 | 125 | 625 | 312 Fc’g;':'r‘c’)‘f
Pseudomonas
aeruginosa Category of biofilm production
Strain number
1 0 1 2 2 2 2
2 0 1 1 3 3 3
3 0 0 1 2 2 2
4 0 1 1 3 3 3
5 0 1 2 3 3 3
6 0 1 2 3 3 3
7 0 2 2 3 3 3
8 0 1 2 3 3 3
9 0 1 1 2 3 3
ATCC 27853 0 0 2 3 3 3

50F - 3- (2-fluoro-phenyl) -1- (2- (2-hydroxy-3-propylamino-propoxy) -phenyl)
-propan-1-one hydrochloride; Positive control - bacterial growth in medium
without tested compound; 0 - no biofilm production; 1 - weak biofilm
production; 2 — moderate biofilm production; 3 - strong biofilm production

Table 2. In vitro effect of 5CF3 on the biofilm production of Pseudo-
mondas aeruginosa

Parameters 5CF3 pg/ml
500 | 250 | 125 | 625 | 312 52?1'3‘(’)"'
Pseudomonas
aeruginosa Category of biofilm production
Strain number
1 (0] 1 2 2 2 2
2 1 1 2 3 3 3
3 0 1 2 2 2 2
4 1 2 2 3 3 3
5 1 1 2 3 3 3
6 0 1 2 3 3 3
7 1 2 2 3 3 3
8 1 1 3 3 3 3
9 1 2 2 3 3 3
ATCC 27853 0 1 0 3 3 3

5CF3 - 3- (2-trifluoromethyl-phenyl) -1- (2- (2-hydroxy-3-propylamino-
propoxy) -phenyl) -propan-1-one hydrochloride; Positive control - biofilm
production in medium without tested compound; 0 - no biofilm production;
1 - weak biofilm production; 2 - moderate biofilm production; 3 - strong
biofilm production

Effect of ortho-fluorinated propafenone
derivatives on the Pseudomonas aeruginosa
pyocyanin production

Ortho-fluorinated propafenone derivatives, 5CF3 and
50F, inhibited production of pyocyanin in Pseudomonas

aeruginosa. In the presence of 500 ug/ml 50F or 5CF3
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Figure 1. Pseudomonas aeruginosa
growth on Mueller-Hinton agar

production of pyocyanin was reduced to less than 40% of
the control value in 6/9 strains, and less than 50% of the
control in 7/9 strains, respectively. In the presence of 250
pg/ml 50F or 5CF3, most strains had pyocyanin produc-
tion above 50% of the control value. The difference in the
sensitivity to the tested compounds among various strains
was also detected. Results of inhibitory action of 50F and
5CF3 on the pyocyanin production in Pseudomonas aeru-
ginosa are expressed as the percentage of the absorbance
of positive controls (presented as 100% + SD) (Table 3).

Table 3. In vitro effect of ortho-fluorinated propafenone derivatives
50F and 5CF3 on the production of pyocyanin in Pseudomonas ae-
ruginosa strains

Parameters 50F pg/ml 5CF3 pg/ml
500 250 500 250
Pseudomonas
aeruginosa Pyocyanin production as% of positive control
Strain number
1 48.6 70.5 74 79.8
2 271 42 36.6 79.8
3 393 51.8 68.5 99.4
4 337 31.9 34.6 54.2
5 394 61.1 48.3 104.9
6 343 49.5 35.2 46.6
7 42.7 534 51 56.3
8 29.8 54.2 36.9 524
ATCC 27853 43.6 57.6 47.9 64

50F - 3- (2-fluoro-phenyl) -1- (2- (2-hydroxy-3-propylamino-propoxy)
-phenyl) -propan-1-one hydrochloride; 5CF3 - 3- (2-trifluoromethyl-

phenyl) -1- (2- (2-hydroxy-3-propylamino-propoxy) -phenyl) -propan-1-one
hydrochloride; Positive control — pyocyanin production of each isolate in the
absence of the tested compounds (100%).

DISCUSSION

Antibiotic compounds that inhibit different virulence
factor, such as enterotoxins, hemolysins, biofilm, or pig-
ments, became the focus of the present research [36]. The
resistance of Pseudomonas aeruginosa isolates to antimi-
crobial drugs is largely attributed to its ability to form a
biofilm and produce bacterial pigment pyocyanin [37]. In
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this study, we used synthesized propafenone derivatives,
5CF3, and 50F, to test inhibitory effect on Pseudomonas
aeruginosa biofilm and pigment production.

Antimicrobials are generally dedicated to kill bacteria
(bactericidal) or to inhibited bacterial growth (bacterio-
static). However, mostly due to frequent chromosomal mu-
tations, Pseudomonas aeruginosa appeared to be extremely
adaptive and acquired resistance to many antibiotics such
as carbapenems, penicillins and cephalosporins. Recent
efforts to develop novel class of anti-pseudomonas agents
moved their focus to Pseudomonas aeruginosa physiol-
ogy and collective behavior of bacterial population [38].
Therefore, biofilm formation and its modulation became
a subject of our research interest. Our results have shown
that propafenone derivative 50F and 5CF3 significantly
reduced biofilm production in all tested isolates of Pseu-
domonas aeruginosa. Previous study on propafenone
compounds reported antimicrobial effect due to inhibi-
tion of ubiquitous bacterial multidrug efflux pumps [39].
Thus, by channel-blocking propafenone may decrease
drug resistance and positively influence clinical outcome
of Pseudomonas aeruginosa infections [40]. On the other
hand, to the best of our knowledge, this study revealed
identification of ortho-fluorinated propafenone derivatives
as efficient agents that inhibit Pseudomonas aeruginosa
biofilm formation for the first time. The inhibitory effects
of both 50F and 5CF3 were found. Numerous external fac-
tors affect biofilm formation by Pseudomonas aeruginosa.
In addition, the type of tissue has strong impact on biofilm
formation, and researchers commonly test biofilm forma-
tion of Pseudomonas aeruginosa from a variety of clinical
sources [41]. In our study, various clinical strains showed
differences in sensitivity to tested compounds, but those
variations were not connected to specific bacterial source
(urine, ear swab, sputum). However, we tested only nine
clinical isolates (5 - urine, 3 — ear swab, 1 — sputum) and
for such a small number of samples statistical data process-
ing is not relevant.

The highest tested dose of both compounds (500 pg/ml)
was the most efficient, reducing bacterial growth to the
highest extent. However, when the concentration of test
agents decreased bacterial growth recovered. In the pres-
ent study, 50F was more effective in reducing bacterial
growth compared to 5CF3. This could be explained by
higher binding affinity to bacterial transport porin in a
case of monofluorinated propafenone derivatives (such
as 50F), compared to trifluoromethyl derivative (5CF3),
as found in our docking studies (data not shown) [31].
Namely, biofilm formation depends on the presence of an
extracellular matrix, which is a mixture of polysaccharides,
proteins, and nucleic acids [extracellular DNA (eDNA)].
Matrix polysaccharides (alginate and lipopolysaccha-
rides), which are synthetized in bacterial cytoplasm, bind
to membrane transporters to be extruded out of the cell
[42]. It was found that both fluorinated derivatives tested
in this study briefly occupied key substrate-specific sites in
the bacterial porin (Argl24). This discovery might be as-
sociated with interruption of the transport of carbohydrate
compounds involved in synthesis of biofilm [43].

www.srpskiarhiv.rs ‘

199



200

The blue pigment pyocyanin, chemical derivative of
phenazine, is one of the most important virulence fac-
tors in Pseudomonas aeruginosa [44]. Pyocyanin is toxic
for respiratory epithelium, it acts on the cell structure and
function, disrupts normal expression of genes involved in
efflux pumps, redox homeostasis and iron acquisition in
human cells [45, 46, 47]. Thus, control of pyocyanin pro-
duction may be a mechanism to reduce bacterial patho-
genicity. Results of our study have shown that both 50F
and 5CF3 inhibited production of pyocyanin in all tested
Pseudomonas aeruginosa isolates. The inhibitory effect was
concentration dependent, higher concentrations caused
stronger inhibition, while inhibitory effect decreased with
lower drugs concentration. Literature survey on other drugs
suggests that ortho-fluorinated propafenone derivative 5OF
had significantly stronger inhibitory effect on the produc-
tion of pyocyanin in Pseudomonas aeruginosa strains than
commercial antibiotics ampicillin or streptomycin. Namely,
we have shown that lower concentrations of 50F, 500ug/ml,
and 250 pug/ml, exerted same or even enhanced inhibitory
effect compared to commercial antibiotics when applied in
2-4 times higher concentration (1 mg/ml) [33, 48]. Simi-
larly, the concentrations of 5CF3, which led to pyocyanin
reduction, were within the same range as concentration of
standard drugs. The observed propafenone-induced pyo-
cyanin inhibition could be discussed in a view of recent re-
sults on pyocyanin impact on eDNA and biofilm formation
[11]. It was found that pyocyanin decreases eDNA content
within the Pseudomonas aeruginosa biofilm. Since eDNA
promotes bacterial adhesion and cellular aggregation, de-
pletion of eDNA can reduce biofilm strength and disturb
protection of bacterial cells against antibiotics. Based on the
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UHxnbutopHu epekat nponadpeHOHCKUX AepuBaTa Ha NpoAyKuUujy bnodpunama
U NnuoumjaHuHa Kopg, 6akTepuje Pseudomonas aeruginosa

CroexaHa Metposuh', JacmmHa bawnh?, 3opaH MaHauHuh?, iparaxa [1. boxuh*, MapuHa Munenkosuh?, 3opuua Byjuh?
1yHI/IB(-.‘p3l/ITET y Eeorpany, MHCTVITyT 3a MeNLNHCKa NCTPaXXnBaka, LlEHTap n3y3eTHe BPpeAHOCTN Y obnactu NCTPaXneaka NCXPaHe 1

meTabonusma, beorpag, Cpbuja;

“BicoKa 30paBCTBEHA LKONA CTPYKOBHUX CTyauja y Beorpaay, 3emyH, Cpbuja;

*Ynueep3utet y beorpapy, Cromatonowwku dakyntet, KnuHuka 3a feyjy u npeBeHTBHY cTomaTtonorujy, beorpag, Cpbuja;
*YHuBep3auTteT y beorpagy, ®apmaueyTcku dpakyntet, Kateapa 3a Mukpo6uonorujy n umyHonorujy, beorpag, Cp6uja;
*YHusep3uTet y Beorpapy, ®apmaLieytcku dpakynteT, Katepnpa 3a dapmaveyTcky xemujy, beorpap, Cpbuja

CAXETAK

YBoa/Unm MNMpounssogta 6riodrnma v nuoLmjaHnHa je BaxkaH
dakTop BMpyneHuyje 1 aHTMOUOTCKe pe3ncTeHUmje 6akTepuje
Pseudomonas aeruginosa.

Lnrb paga je 6vo paa ce ncnmta MHXMOUTOPHY edeKaT CMHTe-
TUCaHUX nponadeHoHCKMX aepuBaTta, 3-(2-dnyopo-deHwn)-
1-[2-(2-xnppoKcK-3-NponunamrHo-nponoKcm)-peHnn]-npo-
naH-1-oH-xugpoxnopug) (50F) n 3-(2-TpudnyopometundeHun)-
1-[2-(2-xnpapoKcKn-3-nponunammHo-NPonoKcn)-peHnnl-npo-
naH-1-oH-xugpoxnopua) (5CF3), Ha npogykuujy brodunma un
nroLmjaH1Ha KOA KIMHUYKIX 130MaTa 6akTepuje Pseudomonas
aeruginosa.

Metope Edekat nponadeHOHCKMX AeprBaTa UCNIUTaH je Ha
[EBET KIMHMYKMX M30J1aTa 1 jejHOM CTaHLaPAHOM Cojy 6aKTe-
puje P. aeruginosa. YTnuaj Ha npogykuujy buodunma ncnutan
je in vitro, nHky6aLuwujom 6aktepuja (0,5 no MakdapnaHay) ca
50F n 5CF3 (500-31,2 ug/ml), n meper-em onTruKe rycTriHe Ha
570 nm. bakTepuje y meaunjymy 6e3 NCNUTUBAHYIX jefnHbeHa Cy
611e NO3UTMBHA KOHTPOSIA, @ CaM MEMjyM HeraTBHa KOHTPO-
na. Mpow3BofeHn NMoLmjaHuH, Koju je ogpehnBaH meperem
OMTHYKe FrycTUHe Ha 520 nm, Ha KoMHKybaLuje 6akTepuja ca
5CF3 wnn 50F (250 1 500 pg/ml), TpeTupaH je xnopopopmom 1
MeLlarbem xnopodopmckor cnoja ca HCl.

DOl: https://doi.org/10.2298/SARH180727102P

Pesyntatum [pun KoHueHTpauwju oa 500 ug/ml 50F je poeo go
noTnyHe UHXMbULMje npomyKLuje 6rnodunma Kog cBux ncnu-
TMBaHuX cojea (10/10). Hxunbnumja buodpunma ca 500 ug/ml
5CF3 6una je notnyHa kog 4/10 cojeBa. [Npy KOHLEHTpaLmju
50F n 5CF3 op 250 ug/ml npogykuuja 6rodunma kog BehrHe
UCNUTaHUX U3onaTa buna je cnaba, fOK je Npy KOHLEHTPaLmju
125 ug/ml 50F ogHocHo 5CF3 npogykuuja 6una ymepeHa. Huxe
KoHueHTpauuje 5OF u 5CF3 HUCY nMane NHXUOUTOPHM edeKaT
Ha popmuparse brodunma. Y npucycrsy 500 ug/ml 50F y 6/10
NCMUTVBAHUX COjeBa NPOAYKLMja NMoLMjaHHa Nana je Ha marbe
o 40% y 0fHOCY Ha KOHTPOJHY BPeAHOCT. McTa KoHLeHTpauyja
(500 pg/ml) 5CF3 cHn3una je NnpoayKLyjy NoLmjaHNHa Ha Makbe
of, 50% op KoHTpone y 7/9 cojesa. [Npw KoHueHTpauwmju 250 ug/
ml 50F nnn 5CF3 BehnHa cojeBa NpoayKoBarna je NMoLnjaHnH
n3Hag 50% y ofHOCY Ha MO3UTVBHY KOHTPOY.

3akmyuak CuHTeTCaHy nponadeHoHckn aepusatu, 50F n
5CF3, nHxnbupajy npoayKuujy bnodmnma v nmoumjaHHa Kog
KIIMHNYKKX cojeBa 6akTepuje Pseudomonas aeruginosa. [jo-
6vjeHy pe3ynTaTi yKa3yjy Ha To ia nponadeHOHCKM feprBaTm
npeAcTaBbajy Moryha nonasHa jeaniberba 3a CMHTE3Yy HOBIX
aHTWMNCeyNOMOHACHYX areHaca.

KmyuHe peun: nponadpeHoHcKn gepusatu; Pseudomonas
aeruginosa; 6nodunm; NMoLMjaHNH

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):196-202



DOI: https://doi.org/10.2298/SARH190812005S

UDC: 616.83:575.224.2

CASE REPORT / MPUKA3 BOJIECHUKA

Novel PANK2 mutation identified in a patient with
pantothenate kinase-associated neurodegeneration
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SUMMARY

Introduction Pantothenate kinase-associated neurodegeneration (PKAN) is a rare, recessively inherited
disorder caused by mutations in the pantothenate kinase 2 (PANK2) gene on chromosome 20p13.

The objective of this report is to present a patient with atypical PKAN with the novel heterozygous
PANK2 mutation.

Case outline We present a 32-year-old female who had disease onset at the age 20 (depression, speech,
chewing problems and backward falls) with progressive course. Neurological examination revealed
hypomimia, risus sardonicus, dysphagia, tachylalia and severe dystonic dysarthria, moderate arms, legs,
and jaw-opening dystonia, postural instability, urge incontinence, and decreased visual acuity. Brain
magnetic resonance imaging revealed iron accumulation in the bilateral globus pallidus and putamen
(“eye-of-the-tiger”), a radiological finding pathognomonic for PKAN. Genetic analysis revealed known
mutation p.T528M (c.1583C>T) in exon 6, and novel p.Y405D (c.1213T>G) in exon 3 of the PANK2 gene.
In silico analyses strongly suggested this mutation to be pathogenic.

Conclusion We report a patient with PKAN, and novel substitution p.Y405D (c.1213T>G) in PANK2 that
has not been previously described in PKAN patients.

Keywords: neurodegeneration with brain iron accumulation; pantothenate kinase-associated neuro-

degeneration; PANK2

INTRODUCTION

Pantothenate kinase-associated neurode-
generation (PKAN) is a recessively inherited
disorder caused by bi-allelic mutations in the
pantothenate kinase 2 (PANK2) gene on chro-
mosome 20p13 [1]. Two most frequent muta-
tions (¢.1231G > A, ¢.1253C > T) account for
about one-third of all cases; however, to date,
155 different mutations have been reported [2].

Typical PKAN presents in early childhood
with gait difficulty (spastic/dystonic gait), in
almost 90% of the patients, followed by gener-
alized pyramidal and extrapyramidal features
(mainly dystonia), neuropsychiatric involve-
ment, and pigmentary retinopathy. Clinical
course is progressive and affected children
generally become wheelchair-bound within a
few years [3, 4].

Atypical PKAN presents later with less pro-
nounced motor involvement, but cognitive de-
cline and psychiatric features may be promi-
nent [5]. Disease progresses over the first five
years, followed by a long-lasting, rather stable
period of slower progression [6].

In this report, we present a patient with
atypical PKAN with the novel heterozygous
PANK2 mutation.

CASE REPORT

A 32-year-old female, born from a non-consan-
guineous marriage, had unremarkable family
history (her brother was diagnosed with spon-
dylitis ankylopoietica). Delivery and develop-
mental milestones were normal. At the age of
20, she was treated by a psychiatrist due to de-
pression. At that time, she noticed speech and
chewing problems, and frequent backward falls.
Three years later, urge incontinence appeared
and gradually worsened. The patient sought
medical care at the Clinical Centres of Zagreb
and Clinical Hospital in Osijek (Croatia) and
Belgrade (Serbia). In the course of years, she
experienced slow progression of symptoms and
gradual but slight worsening of gait, speech,
and postural stability.

Laboratory findings examined in the course
of her illness (since the onset of the symptoms
until present) included normal serum ferritin,
ceruloplasmin, albumin, liver tests, copper
(workup for Wilson’s disease), and lipopro-
tein levels. The blood smear was negative for
acanthocytes. After several years of the disease,
brain magnetic resonance imaging (MRI) re-
vealed iron accumulation in the bilateral globus
pallidus and putamen (“eye-of-the-tiger”) (Fig-
ure 1). We examined her after obtaining brain
MRI, and due to the typical “eye-of-the-tiger”
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tinding, we diagnosed her with neurodegeneration with
brain iron accumulation (NBIA) - PKAN.

Personal neurological examination (neurological re-
ports were also used for the follow-up of the patient’s
status) 12 years after disease onset, revealed hypomimia,
risus sardonicus, dysphagia, tachylalia and severe dystonic
dysarthria, moderate arms, legs, and jaw-opening dystonia,
postural instability, and decreased visual acuity. Tendon
reflexes were brisk, Babinski sign negative. Her gait was
unstable. Cerebellar signs and Romberg test were nega-
tive. The Mini Mental State Examination score was 30/30.
Twelve years after the symptoms onset she was still able to
walk unassisted and to take care of herself.

At the moment of examination, her psychological sta-
tus was within the normal range, without symptoms of
depression.

DNA was extracted using a commercial kit. After PCR
amplification of the PANK2 exons 5 and 6 and surrounding
regions, direct Sanger sequencing was performed using
BigDye Terminator v.3.1 Cycle Sequencing kit (Thermo
Fisher Scientific — Life TEchnology, Waltham, MA, USA)
on ABS 3500 Genetic Analyzer (ABS Global, Inc., DeFor-
est, WI, USA). For data analysis, Sequencher software
(Gene Codes Corporation, Ann Arbor, MI, USA) was used.
After detection of only one heterozygous PANK2 mutation
in exon 6, the analysis was continued by next generation
sequencing (NGS) of DNA. We used TruSight One Panel
(Illumina, Inc., San Diego, CA, USA) and MiSeq NGS plat-
form (Illumina, Inc.). Data analysis was performed by the
Variant Studio provided for Illumina users. In silico char-
acterization of the detected gene variants was performed
by PolyPhen, Shift, MetaLR, REVEL, and MutationTaster
software. Confirmation of NGS-detected PANK2 mutation
was done by Sanger sequencing after PCR amplification of
the target region, as described above.

Initial targeted sequencing of selected PANK2 gene ex-
ons reveled known mutation p. T528M (c.1583C>T) in
exon 6, in heterozygous state. In addition, NGS analysis
detected substitution p.Y405D (c.1213T>G) in exon 3, also
as a heterozygous change.

This change was confirmed in our patient by another
targeted Sanger sequencing. Substitution ¢.1213T>G at
transcript NM_153638.2 is the missense mutation leading
to replacement of tyrosine to aspartic acid at amino acid
position 405. This change was not detected previously in
population databases ExAC and 1000G and it is also absent
from disease-related bases ClinVar, LVOD, and HGMD.
The variant is located in exon 3 of the PANK2 gene that
corresponds to catalytic domain of the protein, and this
nucleotide and amino acid position is evolutionary highly
conserved. According to the in silico prediction, p.Y405D
(c.1213T>G) is ranged as deleterious (by Sift), probably
damaging (by PolyPhen), or damaging (by MetaLR), likely
disease-causing (by REVEL), and disease-causing (by Mu-
tationTaster). Aforementioned features are sufficient to
classify this variant as (likely) pathogenic [7].

DNA analysis revealed that the proband’s neurologically
healthy father and brother were heterozygous carriers of
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the known p.T528M (c.1583C>T), while healthy mother
was a heterozygous carrier of the newly described p.Y405D
(¢.1213T>G) mutation.

DISCUSSION

Clinical presentation of our patient was consistent with
atypical PKAN based on time of the disease onset, neuro-
logical features, the presence of behavioral and psychiatric
abnormalities, and the mode of disease progression. In
addition to characteristic MRI scans, mutational analysis
confirmed the diagnosis.

Initial complaints were psychiatric, in accordance with
the previous findings that psychiatric symptoms (depres-
sion, anxiety, emotional lability, tics, obsessive-compulsive
disorder, and psychosis) were common in the atypical
PKAN, often preceding motor features [6, 8, 9].

DNA analysis showed one known mutation and one
newly described variant in the PANK2 gene. Substitution
¢.1583C>T (p.T528M) is one of the most common muta-
tions in European NBIA patients, and confirmed founder
mutation in the Serbian population [10]. This variant af-
fects catalytic domain of the enzyme; frequently it is as-
sociated with an atypical form of PKAN, supporting bio-
chemical data of residual enzyme activity.

Substitution p.Y405D (c.1213T>G) has not been previ-
ously described in NBIA patients. Also, this variant was not
found in 1000 Genomes and ExAC population databases
nor in disease-related databases such as ClnVar, LVOD,
and HGMD. Several in silico predictions indicate that this
variant is damaging. In addition, segregation analysis con-
firmed p.Y405D (c.1213T>@) is in trans with an already
known disease-related mutation p.T528M, which all sup-
port its own pathogenicity.

Previous reports have demonstrated that in patients
with two loss-of function alleles, symptoms were always
presented at an early stage of life, while those in atypical
patients often resulted in amino acid changes. This indi-
cated that many of the patients with an atypical form of the
disease may have residual PANK2 activities. It is believed
that in the presence of missense mutations, residual activity
of the PANK?2 determines the age of onset, without playing
arole in the progression of the disorder [11]. Although
variable expressivity of alleles, as well as the combination
and the concentration of the mutant proteins, were the
features that mainly affected the PKAN phenotype, there
were also other genetic and non-genetic modifiers that
might alter PANK?2 catalytic activity [12-15].

Although we were unable to determine the enzymatic
activity of PANK2 in our case, these compound heterozy-
gous mutations may have been responsible for the adult
onset and delayed progressive nature of the disease. Our
novel PANK2 mutation may probably add to understand-
ing the clinic-genetic correlations in atypical PKAN.
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HoBa myTtauuja y reHy PANK2 kop 60necHuKa ca HeypogereHepaLmnjom yapyKeHom

Ca NAHTOTEHAT-KNHA30M

MapwuHa Ceten'?, BaHa Hosakosuh?, CetnaHa Tomuh*, Hukona Kpecojesuh', Bnagumup Koctuh'?

'KnuHnykn ueHtap Cpbuje, Knuhnka 3a Heyponorujy, beorpag, Cpbuja;
2Ynueepautet y beorpagy, MeanunHcku pakyntet, beorpag, Cpbuja;

*YHusep3utet y beorpaay, MegnunHcki dakyntet, IHCTUTYT 3a XymaHy reHeTuky, beorpag, Cp6uja;
“‘Ceeyunnuwte Jocuna Jypja LLitpocmajepa y Ocujeky, MeguumHcku dakynter, KBLL Ocujek, KnuHuka 3a Heyponorujy, Ocujek, XpBaTcka

CAMETAK

YBopa HeypopereHepauuja yapy»eHa ca NaHTOTeHaT-K1Ha30M
(PKAN) peTKo je, ayTO30MHO peLiecMBHO 060sbere Y3pOoKoBaHO
MyTaLujama y reHy 3a naHToTeHat-KuHasy 2 (PANK2) Ha xpomo-
3omy 20p13.

Linrb oBor pafia je nprika3uBakbe 60NIecHMKa ca aTUnmuyHUmM 06-
nukom PKAN Koju je Hocunal, HOBOOTKPYIBEHE XEeTEPO3UrOTHE
myTaumje.

Mpwuka3s 6onecHuKa MpriKasyjemo xeHy ctapy 32 roanHe umja
je bonect noyena y ABafeceToj roauHU (Benpecuja, npobnem
Ca roBOPOM 1 FryTatbem 1 NagoBu yHa3af) 1 MmMa nporpecu-
BaH TOK. HeyponowKum npernefom youeHu cy Xunomumuja,
risus sardonicus, pucdarnja, Taxunanuja v TelKa ANCTOHNYKA
[u3apTpuja, ymMepeHa ANCTOHM]ja PYKY, HOTY 1 ANCTOHMja OTBa-

DOI: https://doi.org/10.2298/SARH190812005S

parba BUKLE, MOCTYpaJiHa HECTABUHOCT, ypreHumja MUKLuje
1 CMatbeHa oWTprHa BuAaa. MNpernea Mmo3ra MarHETHOM pe3o-
HaHLIOM YKa3ao je Ha Tanoxete rsoxha y rnobycy nanugycy
1 myTameHy 060CTpaHoO (3HaK TUFPOBOT OKa), @ PaMOJOLLKY
Hanas je 6o naTorHoMoHuYaH 3a PKAN. [eHeTCKOM aHann3om
OTKpPVBEHa je ofpaHmje no3Hata MyTauuja p.T528M (c.1583C>T)
y er3oHy 6, 1 HoBa myTauuja p.Y405D (c.1213T>G) y er3oHy 3
reHa PANK2. Ananu3a in silico yka3yje Aa je HOBOOTKpUBEHa
MyTaLvja natoreHa.

3aksbyyak Npukasanu cmo 6onecHuuy ca PKAN 1 HoBom MyTa-
uujom p.Y405D (c.1213T>G) y PANK2, Koja H/Kaga paHuje Huje
onuncaHa kop 6onecHuka ca PKAN.

KmbyuHe peun: HeypoaereHepaumja ca Tanoxerem reoxha;
HeypojereHepaLyja yapyxeHa ca naHToTeHaT-kuHasom; PANK2
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Exogenous lipoid pneumonia mimicking multifocal

subpleural tumors
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SUMMARY

Introduction Exogenous lipoid pneumonia (ELP) is caused by inhalation or aspiration of different oily
substances of animal, vegetable, or mineral origin. It can be in acute or chronic form.
Herein, we report a case of ELP in its chronic form, confirmed in surgical lung biopsy.
Case outline A 47-year-old male locomotive engineer, former smoker, without clinical symptoms, with
a history of pneumonia two years previously, was referred to our institution. The operating diagnosis
of multifocal subpleural tumors was made based on the chest computed tomography. A surgical lung

biopsy confirmed a diagnosis of ELP.

Conclusion Diagnosis of ELP is frequently made after surgical biopsy performed for suspected neoplasm,
because of neglecting profesional exposure to mineral oils.
Keywords: exogenous lipoid pneumonia; machine oil; surgical biopsy

INTRODUCTION

Lipoid pneumonia is an uncommon lung dis-
ease caused by the presence of lipids in the
alveoli. It is classified as exogenous or endog-
enous. The endogenous type occurs secondary
due to pulmonary alveolar proteinosis, chronic
pulmonary bacterial or fungal infections, lipid
storage diseases, and bronchial obstruction by
tumors or broncholithiasis. Exogenous lipoid
pneumonia (ELP) type is associated with the
inhalation or aspiration of different oils. The
clinical symptoms and radiological findings
of ELP are nonspecific, depending on the pa-
tient’s age, the amount of oily substances, and
the length of the inhalation or aspiration pe-
riod [1-5]. Different pulmonary diseases can
resemble ELP. The diagnosis of ELP is based
on a history of exposure to oil and the pres-
ence of lipid-laden macrophages in sputum
or bronchoalveolar lavage or histopathology
specimens [1, 5, 6].

There are no standard protocols for the
treatment of ELP, but recommendations in-
clude discontinuing exposure to the oily agent,
oxygen therapy, lung lavage, systemic cortico-
steroids, and surgical resection of lung tissue
unresponsive to medical treatment [1, 4, 5, 6].
Various complications of ELP that can be found
in the literature [7].

In the text below, we report a case of chronic
form ELP confirmed by surgical lung biopsy.

CASE REPORT

A 47-year-old male who worked as a locomo-
tive engineer was referred to our institution
for the evaluation of lung disease which was
initially diagnosed as a multifocal subpleural
tumor (lipoma or fibroma). The patient, who
was a former smoker, had no clinical symptoms
and his only medical condition was pneumonia
diagnosed two years previously. Chest comput-
ed tomography (CT) was performed. Nodular
masses were present, measuring 30 mm in the
upper and 34 mm in the left middle lobe, with
fat density (Figure 1). Bronchoscopy samples
were nondiagnostic. Two CT scans and two
bronchoscopies were performed afterwards,
but the nature of the disease was not clarified
and the patient was admitted to our institution.

A physical and cardiovascular examination
and routine blood tests showed no abnormal
findings. A high-resolution CT scan was per-
formed and showed persistent radiological
findings. At a consultative meeting, a decision
was made to perform video-assisted thoraco-
scopic surgery (VATS). VATS was performed
and lung biopsy from the middle lobe showed
anodule with cavitation (Figure 2). There were
multinucleated giant cells and lipid-laden mac-
rophages in the cavity wall. Chronic intersti-
tial lymphoplasmacytic inflammation formed
well-circumscribed aggregates around airways
in multiple areas of bioptic sample (Figure 3).
Additional immunohistochemical analysis
(panCK, vimentin, CD68, EMA, CD1a, CD10,
and $100) excluded malignant diseases and set
the diagnosis of ELP (Figure 4).
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Exogenous lipoid pneumonia mimicking multifocal subpleural tumors

Figure 3. Chronic interstitial inflammation consisting of dense bron-
chocentric lymphoplasmacytic infiltrates (H&E, 10x)

Six months after surgery, there was no radiological re-
gression of other described lesions and pulmonary func-
tion tests were not modified.

This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
patient for the publication of this case report and any ac-
companying images.

DISCUSSION

ELP is the most common type of lipoid pneumonia and has
been reported as a result of aspiration or inhalation of oil
substances (animal, vegetal, or mineral origin) [4, 5, 6, 8].
In our case, no exogenous source was found initially. Once
the histologic diagnosis was made, we asked the patient
precisely if he had been exposed to mineral oils or had
some risk factor for aspiration. The patient sad he had been
working as a locomotive engineer for the last 20 years and
had been in contact with mineral oil every working day.

‘ DOI: https://doi.org/10.2298/SARH180410070T

Figure 4. CD68 positivity in multinucleated giant cells (immunohis-
tochemistry, 10x)

For this reason, we believed that in our case, ELP was the
result of professional exposure to mineral oil.

ELP can be classified as acute or chronic. The acute form
of ELP is caused by accidental aspiration of a large quantity
of mineral oil in a short period of time. CT scan opacities
are typically ground-glass or consolidative and can be seen
in most patients within 24 hours [9, 10, 11]. The chronic
form typically occurs in older patients with predisposing
anatomic or functional abnormality in swallowing, but it
has also been reported in children with cleft palate and
mental retardation. The diagnosis of chronic form of ELP is
set on average 38 days after the onset of nonspecific clinical
symptoms such as cough, fever, weight loss, vomiting, and
recurrent respiratory infections [12, 13, 14]. In contrast to
other cases, our patient had no symptoms.

ELP may occur in all ages, most commonly in patients
with gastroesophageal reflux, palpitations, swallowing dys-
function, and after administration of drugs [1, 2, 12, 13].
This opinion was confirmed by Sias et al. [1], who analyzed
ELP formed as a consequence of the use of laxatives as a
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result of intestinal obstruction due to Ascaris lumbricoi-
des. This study involved 15 girls and 13 boys aged 1-108
months. In contrast to the above data, our patient was
older, as in most published papers with individual ELP
case reports [2, 3, 6].

Radiological changes are non-specific, mostly localized
to the right lung [1, 3]. Changes seen on CT are also non-
specific and may be unilateral, bilateral and multifocal,
consolidation with air bronchogram, crazy-paving, inter-
lobular septal thickening, cavitation, and calcification [1,
14, 15, 16]. Jin et al. [4] analyzed 18 cases and found this
change in 13 patients: geographical lobular distribution
of ground-glass, miliary changes on both sides, intersti-
tium thickening, cavitation, and mediastinal pneumato-
sis. The fact that it is difficult to set the ELP diagnosis to
18F-fluorodeoxyglucose positron-emission tomography is
confirmed by the case of a patient suffering from Kaposi
sarcoma. Two spicular changes (25 mm and 9 mm, respec-
tively) in the upper right lobe showed fat density (-30-150
HU) on the CT scan, but the value of SUV 5 without local
and distal expansion induced suspicion for a malignant
tumor; therefore, lobectomy was multidisciplinary sug-
gested and performed. Pathohistological examination con-
firmed ELP [8]. A differential diagnosis of ELP includes
the following: nonspecific interstitial pneumonia, collagen
vascular diseases, chronic eosinophilic pneumonia, idio-
pathic pulmonary fibrosis, hypersensitive pneumonitis,
sarcoidosis, lung tumors (benign and malignant), bacterial
pneumonia (acute and chronic), and pulmonary alveolar
proteinosis [5, 17]. In our case, nodular lesions registered
on CT were initially diagnosed as a bilateral subpleural
lipoma or fibroma as their mean density was -30 HU.
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ELP may be indicated by the following: data on aspira-
tion or inhalation of oily substances, radiological findings
and the presence of lipid-laden macrophages in the spu-
tum, bronchoalveolar lavage, or histological sample [1, 3,
9]. Upon macroscopic examination, lung parenchyma is
usually consolidated and yellowish stained, while cavita-
tions are rare [18]. Pathohistological examination can show
bronchocentric lymphoplasmacytic cell infiltration with
multinucleated giant cells with cholesterol crystals in the
cytoplasm, intraalveolar clumps of alveolar macrophages,
giant cell granulomas, chronic inflammatory reaction, and
interstitial fibrosis [5, 6]. Long-term exposure to an oily
material can lead to the development of lung fibrosis with
the destruction of normal parenchyma and the develop-
ment of pulmonary heart, while bacterial superinfections
and pulmonary aspergillosis are rare [16, 19]. In our case,
ELP was confirmed on permanent paraffin sections and
additional immunohistochemical analysis of a surgical
sample obtained by VATS. We found a 15-mm-diameter
nodule with the cavity filled with friable yellowish-white
content and multinucleated giant cells and lipid-laden
macrophages in the cavity wall.

The prevention of exposure to oily substances, sup-
portive oxygenotherapy, multiple bronhoalveolar lavage,
steroid therapy, and surgical resection represent several
modalities of ELP treatment [1, 6, 7]. It was suggested to
our patient to avoid machine oil, with a recommendation
that the remaining nodular changes should be surgically
removed after complete recovery, which he accepted.
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ErsoreHa aMnonaHa NHeyMOHMja Koja onoHawa myntudoKanHe cybnaeypanHe

Tymope

[paraHa Terentuja'?, Anekcangpa JloBpeHcku'?, TjaHa Bacurbesuh', Tony6 Camapyivja', ViBaH Kyxajaa'?
'YHusep3utet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;

2/ HcTuTyT 3a nnyhHe 6onectn BojeopnHe, Cpemcka Kamennua, Cpbuja;

*MHcTuTyT 3a OHKonorujy BojsogmHe, Cpemcka Kamenuua, Cpbuja;

*UHCcTUTYT 33 KapAnoBacKynapHe 6onectn Bojsogute, Cpemcka Kamennua, Cpbuja

CAXETAK

YBop Er3oreHa nunongHa nHeymoHuja (EJIM) y3pokoBaHa je
VHXanaLmjom Uim acnypaLmjom PasinyuTiX yibaHyx CyncTaHLm
KUBOTUHCKOT, GUIBHOT UMW MVHEpPaHOT nopekia. Moxe fa
6yne akyTHa UK XpoHnYHa dopma.

Mpukasyjemo cnyyaj xpoHunyHe popme EJIM koju je notepheH
Y XPYPLIKOM BMOMCKjCKOM Y30PKY.

Mpuka3s 6onecHuka MyLikapal ctap 47 roguHa, MalliHoBoha,
6Bl MyLway, 63 KNMHNYKUX CUMMTOMA, iBE FOfMHE nocie
npenexaHe NHeyMOHWMje jaB/o ce Yy Hally ycTaHoBy. PagHa guja-
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rHo3a MynTudoKaHyx cybnneypanHux Tymopa je 6vna 3acHo-
BaHa Ha KOMMjyTep130BaHOj ToMorpadmju rpyaHor Kouwa. [nja-
rHo3a EJIMM je notBpheHa y xmpypLuKom 61oncrjckom y30pKy.
3akspyuak [lnjarHo3a EJIM ce yecto noctaB/ba Ha XVpYpPLUKOj
6110MCUjU YUHEHOj 360T CyMHbe Ha HeOoMa3my, ycneq 3aHe-
MapVBatba nMoAaTka 0 NPopeCcoHaNHOj N3NI0KEHOCTY M He-
panHuM yrbuma.

KrbyuHe peun: er3oreHa MnongHa nHeyMOoHwja; MallMHCKO
YIbe; XpYypPLUKa 6roncuja
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Pickwickian syndrome - “the tip of the iceberg
in extremely obese patients

Jelena Kas¢ak, Sladana Andeli¢
Municipal Institution for Emergency Medical Care, Belgrade, Serbia

n

SUMMARY

Introduction Pickwickian syndrome (PS), also known as hypoventilation syndrome in adults, consists of
three factors: obesity [Body Mass Index (BMI) > 30 kg/m?], daytime hypercapnia and sleep-disordered
breathing, after ruling out other disorders that may cause alveolar hypoventilation. Timely recognition
of PS is of utmost importance because such patients have significant morbidity and mortality. However,
recent data indicate that PS is under-recognized and under-treated. We report a case of early-identified
PS prehospitally with a favorable outcome after hospital treatment.

Case outline A 67-year-old female patient was diagnosed prehospitally, and the diagnosis was later con-
firmed in hospital. Diagnostic criteria were as follows: BMI > 45,7 kg/m? (height 170 cm, weight 132 kg),
hypercapnia, hypoxemia and respiratory acidosis (pCO, — 41 mmHg, pO, - 56 mmHg, pH 7.45) in the
absence of other causes of hypoventilation. During hospitalization, the following diagnostic procedures
were performed: standard laboratory analyses, chest radiography, electrocardiography, abdomen and
heart echocardiography. An attempted sleep study (polysomnography) was interrupted due to a drop
in oxygen saturation levels. Non-invasive mechanical ventilation and a diet were used as the first line of
therapy. However, due to the development of a global respiratory insufficiency, the patient was intubated
and placed on a mechanical ventilator. After 30 days of hospital treatment, the patient was released in
a satisfactory general condition with recommendations for weight reduction and symptomatic therapy.
Conclusion As obesity is becoming an epidemic of modern society, early recognition and treatment of

PS is of crucial importance.

Keywords: obesity; Pickwick syndrome; early recognition; treatment

INTRODUCTION

The increase in the prevalence of extreme obe-
sity in the last decade is a health, economic and
demographic problem of global proportions.
Overweight and obesity cause 3.4 million
deaths a year [1]. Classification of obese adults
based on body mass index (BMI) (obese class
I: BMI 30-34.9; obese class II: BMI 35-39.9;
obese class III: BMI > 40) and relative risk as-
sessment of morbidity (elevated, moderately el-
evated and highly elevated) was made by World
Health Organization in 1997. [2]. According to
the results of the 2013 Health Survey in the Re-
public of Serbia, based on the measured BMI,
more than half (56.3%) of the population was
overweight (35.1% pre-obese and 21.2% obese)
[1]. The average BMI value in the adult popula-
tion of Serbia is 26 + 4.74 kg/m>.

Among the many complications of obesity,
respiratory tract disorders are in the shadow of
metabolic and cardiovascular complications,
so they have been extremely rarely mentioned
in our surroundings [3]. Types of respiratory
disorders in obese people may be different:

1. respiratory function disorders without

alveolar hypoventilation;

2. obesity hypoventilation syndrome (OHS);

3. obstructive sleep apnea syndrome (OSAS);

4. risk during and after surgical interven-

tions [3].

OHS, also historically described as the
Pickwickian syndrome (PS), is defined
as daytime hypercapnia and hypoxemia
(PaCO, > 45 mmHg and PaO, < 70 mmHg at
sea level) in an obese patient (BMI > 30 kg/m?)
with sleep-disordered breathing in the absence
of any other cause of hypoventilation [4]. OHS
is a diagnosis of exclusion. Other causes of hy-
poventilation, such as chronic obstructive pul-
monary disease, severe interstitial lung disease,
mechanical respiratory limitation (for example,
chest wall disorders such as kyphoscoliosis),
myopathies (such as myasthenia gravis), neu-
rological diseases, central causes (such as cere-
brovascular disease and untreated hypothyroid-
ism), and congenital causes (such as Ondine’s
syndrome), should be ruled out. OHS often
remains undiagnosed until late in the course
of the disease. Its exact prevalence is unknown,
but it has been estimated that 10-20% of obese
patients with obstructive sleep apnea have hy-
percapnia [5]. Early recognition is important
because these patients have significant morbidi-
ty and mortality. Effective treatment can lead to
significant improvement in patient outcomes,
underscoring the importance of early diagnosis
and early treatment [6].

We report a case of prehospitally identi-
fied PS with a favorable outcome after hospital
treatment.
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CASE REPORT

An emergency medical service team intervened because of
severe choking of a 67-year-old female patient. She lived
alone. The emergency medical service doctor found that
the patient is extremely centrally obese (android type),
BMI 45.7 kg/cm? (height 170 cm, weight 132 kg), moving
with difficulty. In medical history, the patient previously
stated difficulties breathing, worsening in the lying posi-
tion, fatigue even during minor activities, as well as all-day
drowsiness. The problems have been more pronounced
over the previous seven days. Furthermore, she has uri-
nary incontinence and “swollen stomach”. The patient treats
hypertension with fosinopril, which she takes irregularly.
She had been smoking for the last 40 years (three packs a
day). The patient denies any loss of consciousness, allergies,
previous pulmonary, otorhinolaryngological, neurological,
cardiological, metabolical (diabetes mellitus) and endo-
crinological diseases, as well as chronic use of sedatives.
On examination, the patient is mildly somnolent (Glasgow
Coma Score 13), oriented, afebrile, dyspnoic (respiratory
rate 20/min.), facial plethora, cyanotic (central cyanosis),
anicteric. Patient’s aspect was severe. There was weakened
respiratory noise above the lungs, crackles basal left, oxygen
saturation (SaO,) 44%. Heart rate was rhythmic, sounds
somewhat quieter. Blood pressure was 160/90 mmHg. The
palpation of internal abdominal organs was difficult due to
pronounced obesity. No peripheral edema. Electrocardi-
ography (ECG): sinus rhythm, heart rate 110/min., S wave
in D1 and from V1 to V6, without acute changes in the ST
segment. Hundred-percent O, is applied through an oxygen
mask at a dose of 6 L/min. The patient was transported to
hospital under the diagnosis of suspected PS.

On admission to hospital, the patient’s status re-
mained unchanged, with slightly corrected SaO, (58%).
Gas analyses with no oxygen therapy when awake
were: pO, 56 mmHg, pCO, 41 mmHg, pH 7.45. Due
to the development of a global respiratory insufficien-
cy (pO, 34 mmHg, pCO, 67 mmHg, pH 7.24) and the
need for ventilatory support, the patient was moved to

Table 1. Diagnostic test and results

Kascak J. and Andeli¢ S.

the Respiratory Unit. She is initially connected to non-
invasive mechanical ventilation. Because of inefficient gas
exchange, the patient was intubated and placed on a me-
chanical ventilator. After being stabilized, the patient was
extubated, connected to non-invasive mechanical ventila-
tion and then put on oxygen therapy.

Table 1 shows diagnostic procedures performed dur-
ing hospitalization. Laboratory test results are shown in
Table 2.

The treatment included: therapeutic diet (very-low-
calorie diet), crystalloid infusions, electrolytes, antibiotics
(ceftazidime, moxifloxacin, vancomycin), anticoagulants
(low-molecular-weight heparin, then oral), angiotensin
converting enzyme inhibitors, Ca antagonists, gastroin-
testinal agents and other symptomatic and supportive
therapies.

Due to paroxysms of atrial fibrillation (Figure 1), amio-
darone was included. The patient was converted to sinus
rhythm with occasional paroxysmal atrial fibrillation.

After 30 days of hospital treatment, the patient was
released in a satisfactory general condition with recom-
mendation of the following therapy: lifestyle interven-
tions (dietary changes and physical exercise), amiodarone
200 mg 1 x 1 (five days), enalapril 10 mg 2 x 1, amlodip-
ine 5mg 1 x 1, furosemide 40 mg 1 x 1 with 1 gr KCl,
acenocoumarol 1 x 1/2 until international normalized ra-
tio medical check-up (goal international normalized ratio
between 2 and 3), pantoprazole 20 mg 1 x 1. The patient
had scheduled appointments with a pulmonologist and a
cardiologist 15 days after hospital release, and glycemia
and Hemoglobin Alc tests after a month.

DISCUSSION

A high suspicion of PS is critical for setting the PS diag-
nosis [7]. Our patient fulfilled the clinical criteria (SpO,
44%, dyspnea on exertion, but also at rest, in unbecoming
and uncomfortable positions of the body, facial plethora,
elevated level of bicarbonates in the blood). According to

Diagnostic test Results

Chest x-ray

Left basal accentuated vascular markings with suspected initial signs of consolidation. Slightly
voluminous chylous fluid. No signs of pleural effusion.

Left pulmonary artery dilated 46 cm seems free. Mitral valve degenerately altered velum, mild mitral
regurgitation and transmitral flow in the type of pseudonormalization are recorded. Left ventricle of

Echocardiographic examination
of the heart complicated by the
constitution.

normal dimensions, hypertrophic walls 14/12mm, preserved global systolic functions ejection fraction
45-50%. The assessment of regional kinetics is difficult but there seems to be no regional asynergy E/e’
13.6. Aortic bulb of normal diameter at the root and the ascendant part with atherosclerotically altered
walls. Aortic valve of degenerately altered velum, partly sclerotic, preserved coaptation and disturbed
separation. Increased flow rates over aortic valve Vmax 2.26 m/sec, mild aortic stenosis. Dilated right
cavities, limit functions right ventricle tricuspid annular plane systolic excursion 22 mm, mild tricuspid
regurgitation and systolic pressure in the right ventricle of about 35 mmHg registered. The pericardium
is not split. Fat pad in front of the right ventricle.

Abdominal echocardiographic
examination

In the accessible part the liver is homogenous, steatosis, without focal lesions. The gallbladder, bile
ducts, pancreas, aorta, and retroperitoneal space (not fully visualized) without visible changes. Spleen
and both kidneys no appreciable disease. Bladder almost empty, a catheter placed. No free fluid in the
abdomen.

Polysomnography

As there was suspicion of sleep apnea syndrome, a sleep study (polysomnography) was attempted,
which was interrupted due to a drop in SaO, levels and the necessity to resume oxygen therapy.
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Table 2. Laboratory test details

Figure 1. Paroxysmal atrial fibrillation electrocardiography

some data, targeted anamnesis and/or heteroanamnesis
have a high sensitivity of 90-100%, but significantly lower
specificity: 50-70% [8]. Obesity per se leads to a greater
likelihood of diseases such as systemic arterial hyperten-
sion, diabetes, dyslipidemia, and hypothyroidism [4].
Additional questions are directed towards sleep, snoring,
daily somnolence, possible cyanosis, and pulmonary and

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):211-215

Laboratory test Result Laboratory test Result
Reference ranges max. min. Reference ranges max. min.
WBC Urea
3.9-10x 10%1 108 6.1 2.8-7.2 mmol/I 10.1 37
Neu Cre
40-70% 84.7 70 53-124 pmol/| 158 86
Eo CK
0-6% 10 26-192 U/L 2511 33
RBC CKMB
3.86-5.08 x 10%/I (women) 41 24U/L 66 44
Hgb ALT
110-180 /1 154 8-41U/L 63 57
PLT AST
140-450 x 10%/1 189 7-36 U/L 86 3
CRP LDH 353
<5mg/l 379 109 <241UL 188
TPI gGT
< 0.75 mmol/l <0.20 5-35 U/L (women) 122 31
Na TP
136-145 mmol/I 140 66-81 g/L 136
Ca 19 Fe 7
2.25-2.75 mmol/I| ) 8.9-30 pmol/I
K UIBC 2
3.5-5 mmol/I 32 3.7 5-59 umol/l (women) 36
HCO TIBC
24—239 mmol/I 32 49-75 pmol/l (women) 62
Glu Pro BNP
3.5-6.1 mmol/I 101 3 <125 pg/ml 2800 243
Oncomarkers and thyroid gland hormones are in the reference range
Microbiological analysis Corynebacterium spp. - diphtheroids in the smear in the tip of the tubus
Urine culture sterile
cardiovascular symptoms. In physical examination, re-
ooy - SRLAD, o8 MMW spiratory noises are mostly reduced due to a thick layer
1
of subcutaneous tissue on the thorax. In uncomplicated
W\» éﬂ /? cases, early inspiratory basal crackles can be detected (in
\ I A NN . . .
= /\l/\/ﬁlrw PONV VIS W i our patient on the left side). Heart tones are usually quiet,
but during the aggravation of the illness, there may be
arrhythmia. The ECG finding in our patient indicates an
i W i /\L\/WU atrial fibrillation that has been arrested with amiodarone.
-4 Frequent finding is arterial hypertension due to obesity,
smoking, hypoxemia (in our case SaO, was 44%), and
other factors. Evidence of right ventricle enlargement from
b { (\'\M”\/\I{\J\ﬁ L] ./\/ /\/\1 . .
W Y i I pulmonary hypertension that complicates advanced OHS
may be seen on ECG and echocardiogram [9].
History and examination cannot diagnose OHS alone,
s e M h| | History annot diag; .
B8 ‘ | but it requires the demonstration of daytime hypercapnia
I [5]. Certain laboratory results complete the anamnesis
and physical examination [elevated serum bicarbonate
AT PSS /\-«1/\“ & W»'JAJ Py . [ . :
A Bt (> 27 mEq/L), hypercapnia (arterial pressure of carbon di-
i ‘ 2 a0 oxide PaCO, > 45 mmHg), hypoxemia (PaO, < 70 mmHg),

polycythemia]. Patients suspected of having OHS can ini-
tially be screened by pulse oximetry and by determination
of serum levels of venous bicarbonate. SpO, values < 93%
on pulse oximetry would be suggestive of hypoventila-
tion. A serum bicarbonate level > 27 mEq/L had a sen-
sitivity of 92% and a specificity of 50%, justifying its use
in screening [10]. A raised bicarbonate (> 27 mmol/L)
or base excess (> 3 mmol/L) in the absence of another
cause for a metabolic alkalosis in an obese individual with
a PaCO, < 45 mmHg may be an early indicator of OHS,

www.srpskiarhiv.rs ‘

213



214

warranting closer investigation [11]. We noted similarly.
Blood tests are also recommended for the identification
of hypothyroidism and polycythemia. A chest radiograph
should be performed to exclude parenchymal lung disease,
chest wall disease, asymmetrical elevation of a hemidia-
phragm (diaphragm paralysis), and cardiomegaly.

The gold standard for diagnosing OSAS is polysom-
nography, which involves non-invasive measurement of
vital parameters during sleep. According to published al-
legations 90% of PS patients have coexisting OSAS, how-
ever, due to unsuccessful polysomnography and missing
heteroanamnesis (the patient lived alone), we were un-
able to confirm this theory [9]. Because symptoms are
nonspecific, the diagnosis of PS is frequently delayed. It is
commonly misdiagnosed as asthma or chronic obstructive
pulmonary disease, and some patients are not diagnosed
until hospitalization for acute-on-chronic respiratory fail-
ure occurs [12]. However, recent data indicate the OHS is
under-recognized and under-treated [13].

In our case, the diagnosis of PS was based on:
BMI > 45.7 kg/m?, hypercapnia, hypoxemia and respira-
tory acidosis (pCO, 41 mmHg, pO, 56 mmHg, pH 7.45)
in the absence of other causes of hypoventilation. Comor-
bidities such as heart failure, coronary artery disease, and
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cor pulmonale are more common in patients with OHS,
and the likelihood that such patients will require invasive
mechanical ventilation or intensive care unit admission
is also increased. Non-invasive positive airway pressure,
together with weight loss are the initial first line therapies
for patients with OHS [14, 15]. After a global respirato-
ry failure had developed, our patient was intubated and
placed on a mechanical ventilator. Mortality rate in PS is
increased due to the respiratory and cardiac consequences
of obesity as such.

It is critical for physicians to be able to recognize and
treat obesity-associated diseases because obesity has be-
come a national epidemic. OHS is still a poorly recognized
entity in Serbia. Delayed diagnosis of OHS is associated
with an increase in morbidity, mortality, and costs of care
of patients who are more severely ill.
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MKBMKOB CMHAPOM — ,,BPX NegeHor bpera” Kog eKCTpeMHO rojasHux 6onecHuKa

JeneHa Kawhak, CnahaHa Auhenuh
lpancky 3aBog 3a XUTHY MeAuLMHCKY nomoh, beorpag, Cp6uja
CAXETAK

YBop Nuksukos cnHapom (MC), Mo3HaT 1 Kao XMNOBEHTUNA-
LIMOHM CHAPOM OfpacivX, YMHY Tpujaaa: rojasHocT [Body Mass
Index (BMW) > 30 kg/m?], uenofHeBHa XvnoBeHTUNaLMja 1 No-
pemehaj arcarba TOKOM CraBatba y OACYCTBY aNTePHATUBHIX
Y3pOKa anBeoniapHe xunoBeHTMnayyje. bnarospemeHo npemno-

3HaBambe [1C je op 13y3eTHOr 3Havaja jep oBakBY 6onecHULM
MMajy 3HaTaH MopbuanTeT n mopTanuTet. MehyTm, HoBMju
nopaum ykasyjy Ha 1o ga je lNC HeoBOSbHO NPEno3HaT 1 He-
[0BOJbHO NeyveH. MpurKkasyjemo cnyyaj paHo npenosHator MC
Ha NpPexoCcnuTaJiHOM HBOY Ca MOBOJbHVIM MCXOAOM MocCie
6ONTHNUKOT Nleyetba.

Mpukas 6onecHuka LLlesgecetceamoroaniumoj 601ecHNLN
nocTaBJbeHa je mpexocnutanHa anjarHo3sa NC, koja je no-
TBpHeHa 1 y 6onHMLY. [njarHOCTUYKM KpUTepujymmn 6unu cy:
BMW > 45,7 kg/m? (BucrHa 170 cm, maca 132 kg), xunepkan-
Huja, XunoKcemmja n pecnupatopHa aunaosa (pC0o, - 41 mmHg,

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):211-215

pO, - 56 mmHg, pH 7,45) y opcycTBy APYrUX y3pOKa XUMOBEH-
Tnauuje. Tokom xocnutanusauuje ypaheHe cy cnepehe gujar-
HOCTUYKe npoLeaype: CTaHaapaHe nabopatopujcke aHanvse,
paguorpaduja rpyfHor Kolua, eNekTpoKapAnorpam, yntpassyk
cpua 1 abgomeHa. MNoKyluaHa cTyAuja cnasakba (MonmMcoMHorpa-
duja) npeknHyTa je 360r naga Sao, (3acuheHoCT KpBY KNCEOHN-
Kom). Kao npBa nuHuja Tepanuje npumerbeHe Cy HeHBa3NBHa
MexaHU4Ka BeHTunauuja n aujeta. Mehytum, 36or pa3soja rno-
6anHe pecnupauujcke nHcyduULmjeHLmje 6onecHULa je MHTY6K-
paHa 1 CTaB/beHa Ha MexaHn4Kn BeHTunatop. Mocne 30 AaHa
60NTHMYKOT fleyerba oTnyLTeHa je Kyhu y 3agoBosbasajyhem
OnLITeM CTakby Ca MPEMNOPYKOM 3a pefyKLMjy TeNecHe TeXnHe
1 NPUMEHOM CUMMTOMATCKe Tepanuje.

3aksbyyak [0ja3HOCT MoCTaje enupeMnja CaBpeMeHor ApYLUTBa,
Te je Of K/byYHOT 3Hayaja paHO Npeno3HaBambe 1 nevetve MC.
KmyuHe peun: rojasHocT; MMKBUKOB CMHAPOM; PaHO Npeno-
3HaBarbe; Nleyerbe
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Large choledochal cyst initially interpreted as Mirizzi
syndrome — case report and literature review

Vladimir Milosavljevi¢', Boris Tadi¢*?, Nikola Grubor??, Dorde Knezevic¢?3, Slavko Mati¢>?

'Gracia Medica Polyclinic, Belgrade, Serbia;

XClinical Centre of Serbia, First Surgical Clinic - Clinic for Digestive Surgery, Belgrade, Serbia;
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SUMMARY

Introduction Choledochal cysts are congenital anomalies manifested as focal or diffuse cystic dilatation
of the bile ducts. They are mostly diagnosed in childhood. The magnetic resonance and surgical manage-
ment are the gold standard diagnostic and treatment modality.

Case outline We present a male patient who was presumed to have Mirizzi syndrome. This presumption
was discarded by additional imaging procedures and by later surgical treatment. It was confirmed that
it was a large choledochal cyst filled with stones. Considering the diagnosis and good patient’s general

condition, we opted for surgical treatment.

Conclusion There are several surgical techniques that can be used in the treatment of choledochal cysts,
wherein each is intended as a complete resection of the cyst with histological confirmation. Operative
techniques do not affect the outcome of the treatment, but the time and extent of surgical resection, as

well as any metaplasia of the epithelium, do.

Keywords: choledochal cyst; Todani; common hepatic duct; icterus; Mirizzi syndrome

INTRODUCTION

Choledochal cysts are congenital anomalies
that manifest as focal or diffuse cystic dilation
of the biliary tree. It is a rare clinical entity with
an incidence of 1/150.000 births approximately
[1]. There is a significant female predominance
with a female to male ratio of 4:1 [2]. Five types
of cysts have been described, of which a chole-
dochal cyst type I has around 68% of percent-
age coverage out of all subtypes [1, 2].

The majority of patients are usually diag-
nosed in childhood, in the first decade of life.
Only 20% of cases are diagnosed in adults [3].
Symptomatology is different in children and
in adults. In children, a classical triad of symp-
toms in the form of abdominal pain, a palpable
mass in the upper right quadrant of the abdo-
men and obstructive jaundice frequently oc-
cur. In adults, the ailments are related to bili-
ary and pancreatic symptoms, accompanied by
abdominal pain. The ruptures of the cysts are
rare and such an occurrence is reported only
in neonates [4].

In a differential diagnosis, biliary lithiasis,
sclerosing cholangitis, and pancreatic pseudo-
cyst may be taken into account. Biliary atresia
is often associated with choledochal cysts and
therefore should be excluded at neonatal ob-
structive jaundice [2, 4].

Choledochal cyst Type I treatment involves
complete surgical resection with reconstruction
with an isolated small bowel segment by the
method of Roux-en-Y. Sometimes, the scope of
surgical resection may be much more radical.

When the cyst is spreading into the head of the
pancreas a cephalic duodenopancreatectomy is
preferred surgical option [5].

The objective of this paper is to present the
rare disease, the surgical technique, and the
literature review.

CASE REPORT

In our paper, we present a male patient, 53 years
of age, who was admitted to our hospital be-
cause of pain in the upper abdomen, subicterical
and afebrile. The initial abdominal ultrasound
was performed. Distended gallbladder, with a
thickened wall and with multiple stones in the
lumen were seen. Choledochus was with con-
crements inside the lumen, and in close rela-
tionship with the gallbladder, Mirizzi syndrome
differential diagnosis. A magnetic resonance
imaging (MRI) and magnetic resonance imag-
ing cholangiopancreatography (MRCP) were
performed as a part of additional diagnostics, in
which a large fusiform ductus choledochus cyst
was seen. A large choledochal cyst (CC), 7 cm
in longitudinal diameter and 4 cm in trans-
verse diameter, was localized at about 2 cm
below the primary biliary confluence, without
communication with the lumen of the gallblad-
der, in close contact with the portal vein and
with proper hepatic artery. The cyst was filled
with numerous stones of different sizes (Figure
1). The laboratory work-up showed elevated
WBC 18 x 10°/L, CRP 65 mg/L, total bilirubin
49 mg/L, and alkaline phosphatase 197 IU/L.
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Figure 1. Abdominal magnetic resonance imaging - gallbladder (GB)
and Type | choledochal cyst (CC) in sagittal (A) and axial (B) plane

In his medical history, the patient provided informa-
tion that gallbladder calculus was verified by abdominal
ultrasound more than 10 years previously. In addition to
the examinations that were performed several times dur-
ing this period, no additional diagnostic procedures were
performed. The patient stated that he repeatedly felt dif-
ficulties in the form of biliary colic and sometimes spon-
taneously resolved mild jaundice, which were treated in a
conservative manner.

The patient was in good general condition, so we opted
for surgical treatment. Given the size, the position of the
cyst, and its proximity to surrounding structures, primarily
vascular, we applied the open surgical approach. In terms
of general endotracheal anesthesia, the abdomen was
opened with the right subcostal laparotomy. After adhe-
siolysis and the inspection, the preoperative diagnosis was
confirmed with an inflammatory block surrounding the
hepatoduodenal ligament. Hard adhesions were obscur-
ing normal anatomy, cholecystectomy and a careful dis-
section of the hepatoduodenal ligament was performed,
with difficult separation of the vascular structures from
the cystic structures. Resection of the common bile duct
along with the large cyst was performed. The upper and
lower resection was at a distance of 1 cm with respect to
both ends of the cyst. Resection margins were sent to an ex
tempore histopathologic examination. In the meantime, we
performed an extensive lavage of the bile ducts, proximal
part first and then the distal part from previously resected
CC. Using choledochoscope, the proximal part relative
to the branch of the left and the right hepatic duct, and
then the distal stump of the resected hepatic ductus to the
papilla of Vater were inspected. The finding was normal,
with no residual stones. Ex tempore findings were negative
for malignancy. Hepaticojejunostomy was performed us-
ing interrupted, monofilament, slowly absorbable suture
(4/0) at about 1 cm below the biliary confluence (Figure
2). The abdomen was drained with two abdominal drains
and the operating incision was reconstructed. The tissue
of the cyst (Figure 3) and of the gall bladder was sent to
histopathological examination.

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):216-219

Figure 2. Intraoperative photograph showing hepaticojejunostomy
performed using interrupted suture at about 1 cm below the primary
biliary confluence

Figure 3. Macroscopic image of the specimen, before and after open-
ing, showing multiple stones in its lumen

Histopathological examination revealed only mild in-
flammatory changes in the wall of the gallbladder, with no
dysplasia or other significant epithelial changes. A speci-
men with a cyst measuring 75 x 48 mm in diameter was
extensively reviewed. It was seen that the areas of papillated
and partly atypical epithelial proliferation were present in
the bile duct, but coupled with poorly expressed atypia, so
there were only focuses of light epithelial dysplasia (grade
I-II). In the surroundings, chronic inflammation with
some of the sporadic multiplicity of the diverticula of the
same epithelium was present, as well as the light multipli-
cation of such tubulo-glandular structures. None of the
sections showed any invasiveness elements. Cystic part of
the sections showed mostly flattened and only reactively
altered, but mostly non-dysplastic epithelial changes.

The postoperative course was uneventful. Abdominal
drains were removed on the third postoperative day and
the patient was discharged on the seventh postoperative
day. A month later, an abdominal ultrasound was per-
formed and the finding was normal, as well as laboratory
analysis. Six months after surgery, MRI and MRCP were
performed showing that the anastomosis is passable and
that the other findings in the abdomen were normal. The
patient’s condition is still monitored.

www.srpskiarhiv.rs ‘
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DISCUSSION

CCs were first reported by Vater and Ezler [6]. This con-
genital malformation is characterized by dilatation of the
biliary tree without acute obstruction of the flow of bile.
The cyst may be present in any part of the biliary tree. Ac-
cording to the volume, it may be complete or segmented,
and according to the shape, it can be saccular or fusiform
[7]. In our case, it was a fusiform cyst, filled with numer-
ous concrements.

Etiology of CCs is still unclear and there is still no clear
expert consensus. The most frequently mentioned hypoth-
esis in the current literature suggests that CCs occur after
partial obstruction of the bile duct, which produces an
increase in pressure in the proximal part of the bile duct,
which leads to the dilatation of this part [7]. CC prevalence
is much higher in Asian countries such as in Japan and
predominantly occurs in females [8].

The first classification of CC was announced by Alonso-
Lej et al. [9] in 1959. This initial classification was com-
pleted by Todani et al. [10], wherein the choledochal cysts
were classified into five types. Type I cysts represent the
dilatation of the extrahepatic bile ducts. Also, they repre-
sent the most common type according to the previously
mentioned Todani classification, where the incidence is
1:1,000, compared to western countries, where the inci-
dence ranges from 1:150,000 up to 1:1,000,000 births. Type
I CCs have the greatest frequency of occurrence (75-85%)
compared to other types [1, 10]. Isolated cystic dilatation
of the cystic duct was added to the Todani classification
in 1991 as type VI [11].

CCs are presented with different symptoms, but they
can often be asymptomatic. In symptomatic patients, they
are commonly presented as abdominal pain, nausea, and
vomiting. In these patients, biliary stones, cholangitis, liver
abscess, and biliary cirrhosis are present in 60-80% of the
cases [4, 12].

Ultrasound examination of the abdomen is the first
diagnostic procedure, particularly in children. As an ad-
ditional diagnosis, computed tomography is used. Both
methods cannot always provide sufficient information. The
gold standard is MRI, as well as MRCP, with an efficiency
of 96-100% [1, 12]. Endoscopic retrograde cholangiopan-
creatography and percutaneous transhepatic cholangiog-
raphy represent very reliable diagnostic procedures, but
both are invasive procedures and their application is not
routinely performed [12, 13].

In our case, only after completed MRI and MRCP were
we able to remove the dilemma on the possible presence of
Mirizzi syndrome. There was no communication of CC di-
lation with the lumen of the gall bladder, nor any expressed
compression in the relations of biliary structures, as origi-
nally seen in the abdominal ultrasound examination. Since
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the only reliable and correct treatment modality of these
biliary tree anomalies is complete surgical resection, surgi-
cal treatment should not be delayed, especially if you take
into account that these anomalies represent the prema-
lignant condition. Malignant alteration depends on the
cyst type and that percentage is the largest for Type I cysts
(about 70%), followed by Type IV cysts (about 20%), Type
II cysts (about 5%), and Type III cysts (about 5%) [14].

Within frequent cholangitis and inflammatory process-
es of the surrounding structures and their consequences,
sometimes it is difficult to achieve complete excision of
the CC, especially because of the close relationship with
the blood vessels, especially the portal vein. CC sometimes
spreads into the parenchyma of the pancreas and it is nec-
essary, in order to apply the adequate and radical surgical
approach, to perform a cephalic duodenopancreatectomy
with all the risks that this procedure can cause [5, 7].

After the excision of the cyst, the reconstruction can be
done in two ways: hepatico-duodenal anastomosis or he-
patico-jejunal anastomosis by the Roux-en-Y method [15].
The success of operational procedures and of the selection
of anastomosis is measured by the ease of implementation,
as well as by short- and long-term results of the surgical
treatment. The data from the current literature suggest
that the success of hepaticojejunostomy is about 92% with
the complication rate of 7%, compared to hepatico-duo-
denostomy, with the complication rate about 42% [7, 15].

Surgical management can be carried out by using sev-
eral surgical techniques. These include the classical op-
erational approach, which we also apply, then minimally
invasive or laparoscopic access, and the most modern,
robotic-assisted surgical approach [16, 17].

Depending on the technical equipment and the train-
ing of the surgical team, in institutions where this type
of surgery is performed, it is possible to effectively apply
several surgical techniques, whose ultimate objective is the
same - the complete excision of the CC with the appropri-
ate reconstruction of the biliary ducts. After reviewing the
literature and bibliographic databases (PubMed, Scopus),
we came to the conclusion that the short- and long-term
results of surgical treatment outcomes of patients operated
on for Type I CC are similar, regardless of the applied sur-
gical technique. It can be concluded that the applied surgi-
cal technique does not affect considerably the final result
of the treatment, but the period required to diagnose the
disease, the extent of surgical resection, and the presence
of the bile duct epithelium metaplasia do.

Informed consent: Written informed consent was ob-
tained from the patient for this case report publication,

including the accompanying images, case history, and data.

Conflict of interest: None declared.
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Liucta xonefoxa MHULMjANHO AWjarHOCTUKOBAHA Kao MuUpU3mnjeB CMHAPOM
— NpuUKa3s 6osecHUKa U nperneg AuTepatype

Bnagumup Munocasmesuh', bopuc Taguh?3, Hukona lpy6op*?, hophe KHexesuh*3, Cnasko Matuh??

"MonuknuHuka Gracia Medica, beorpag, Cpbuja;

2KnuHuukn yeHTap Cpbuije, Mpsa xmpypluKa KNMHWKa — KnnHnka 3a gurectusHy xvpyprijy, beorpag, Cpbuja;

YHusep3uTet y beorpagy, MegnunHcku dakyntert, beorpag, Cpbuja

CAMETAK

YBog Lincte xonepoxa cy ypoheHe aHomanuje Koje ce MaHudec-
Tyjy Kao pokanHe unv andysHe gunataLmje Xy4yHux BofoBa.
Hajuelwhe ce cumnTOMaTCKM NCMOJbE U ANjarHOCTUKYjY TOKOM
OeTntbcTBa. MarHeTHa pe3oHaHLa je 31aTHY CTaHfapA 3a no-
CTaB/batbe jujarHo3e, a XMPYPLLKO Jleuetbe je jefnHN CUrypaH
1 edUKacaH HaumMH Nieyerba.

Mpukas 6onecHuKa bonecHyK cTap 53 roguHe NPYM/bEH je Ha
KNVHUKY 3601 60n10Ba y TpOYXy, My4HUHE 1 nKTepyca. 13 meau-
LIMHCKe AOKYMeHTaLje ce ca3Hano Aa je 10 roanHa yHa3ag 3Hao
3a Kaskys03y Xy4He Kece, Te ce Moc/e MHULMjanHe ynTpa3Byy-
He AnjarHoCTuKe Nocymrbano Ha Mupusujes cuHgpom. Mocne
crnpoBefieHe [OMyHCKe CIMKOBHE AnjarHoCTMKe yTBpheHo je
[1a ce 3anpaBo PagunsIo O BeIMKOj LICTUN XONefoxXyca Koja je nc-

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):216-219

nyrbeHa Macom Kaskynyca. Mimajyhn y Buay Aobpo oniute Ctame
60necHnKa, OAnyYeHo je fa ce 60NeCHUK NIeun X1pypLUKK.
3aks/mbyyak OnmcaHo je HEKONMKO OMepaTUBHNX TEXHUKA 3a
XVIPYPLUKV TPETMaH LucTe Xonepoxa. bes 063mpa Ha npumetbe-
HY TEXHWKY, b je 6110 ja ce OACTPaHM KOMMIETHA LmMcTa 1
XMCTOMATONOLWKM Nperneaajy MapriuHe pecekumje, Kao 1 cam
npenapar. /I136op onepaTMBHe TEXHWKE HE YTUYE Ha NCXOL
neyetsa. C 063MPOM Ha Mo3HaTy TEHAEHLIMjy MeTannacTuyHe
NpoMeHe enwuTena xoneaoxa Kog 6onecHnKa ca LUMCTom xorne-
[0Xa, Ofi CYLUTUHCKOT je 3Hayaja fja Ce OnepaT!BHOM Neyetby
NPUCTYNK Ha Bpeme.

KrbyuHe peun: uucra xonegoxa; ToaaHu; 3ajeAHNYKM XenaTuny-
HY BOp; NKTepyc; Mupusmjes cuHgpom
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CASE REPORT / MPUKA3 BOJIECHUKA

Rare case of an anorectal leiomyoma
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'Ni$ Clinical Center, Center for Minimal-invasive Surgery, Nis, Serbia;
2Ni$ Clinical Center, Digestive Surgery Clinic, Nis, Serbia;
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SUMMARY

Introduction Leiomyoma is a kind of benign tumors of smooth muscle origin, occurring mostly through-
out the genitourinary system. They are rarely found in the anorectal region, where they represent less
than 0.1% of the tumors of the rectum. Due to this exceptional occurrence, we report a case of leiomyoma

arising in the anorectal region.

Case outline A 43-year-old otherwise healthy woman presents with the big mass in analorectal region.
Major complain is pain and discomfort while sitting. Magnetic resonance imaging is done and pathohis-
tology report confirmed large leiomyoma. Abdominoperianeal resection of the rectum was performed
due to the size of the tumor. Postoperative course was uneventful.

Conclusion There is no gold standard technique, and decision about the best surgical approach for all
pathohistological types of tumors in the anorectal region. The decision sometimes has to be made ac-

cording to size and major complains.
Keywords: anal canal; leiomyoma; surgery

INTRODUCTION

Leiomyoma are benign tumors of smooth
muscle origin occurring throughout the geni-
tourinary system [1]. They are usually present
as an intrauterine tumor, but may occasionally
be extrauterine. The leiomyomas, which evolve
to lose their attachment from the uterus and
become adherent to other organs (such as the
broad ligament, omentum, or retroperitoneal
connective tissue) and acquire blood supply
from them, are call parasitic leiomyomas. They
can be found anywhere in the abdomen and pel-
vis. Extrauterine leiomyoma can be classified
according to the place of origin as a piloleio-
myoma (derived from erectile muscles of hair
follicles), an angioleiomyoma (from blood vessel
smooth muscle wall), or a genital leiomyoma
(derived from) tunica dartos of the scrotum
[2]. In the digestive tract, the most common
presentations are in the stomach, followed by
the small intestine, but are rarely found in the
anorectal region, where they represent less than
0.1% of the tumors of the rectum, with a rare
presentation in soft parts, mainly in the perianal
topography [3, 4]. Literature shows that the anal
leiomyoma is a rare finding: isolated cases have
been reported, and the most common presenta-
tion is a painless tumor in this area [4]. Due to
this exceptional occurrence, we report a case
of lelomyoma arising in the anorectal region.

CASE REPORT

A 43-year-old otherwise healthy woman came
to the office because of anal region disorders

Figure 1. Clinical presentation of the anorectal leio-
myoma

and uneasiness while sitting. She noticed a
bump in the anal region, which got bigger in
size through the course of one year. This was
her first visit. She denied other symptoms ex-
cept pain during defecation. Her medical family
history was unremarkable. Physical examina-
tion revealed a large mass protruding from
the anal canal and the anus itself (Figure 1).
On rectal examination, the anus was passable
for a fingertip; endoscopy or endoanal ultra-
sonography could not be performed due to
extreme discomfort and size of the lesion. The
laboratory and biochemical results were within
the referential values, findings on abdominal
ultrasonography were normal. The magnetic
resonance imaging (MRI) was done followed
by a biopsy. Pelvic MRI showed an expansive
tumor of the rectum of the anus without the
uterus and the bladder infiltration (Figure 2).
Pathohistology report confirmed leiomyoma.
Due to the size of the tumor and infiltration
of muscles, abdominoperineal resection was
performed (Figure 3). The postoperative course
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Figure 2. Magnetic resonance imaging finding of the large anorectal
leiomyoma

was uneventful. One year after the surgery, control exami-
nation results were good, and the patient gave written con-
sent for this case presentation, including the accompanying
images, case history, and data.

DISCUSSION

In 1845, the first description of leiomyoma was made by
Virchow, who defined it as a benign tumor of mesenchy-
mal origin developing from smooth muscle fibers. The
leiomyoma can develop in any place where smooth muscle
is present. In the previous classification, it belonged to the
so-called gastro-intestinal stromal tumor (GIST). Nowa-
days, the GIST is considered a soft tissue tumor, as well as
the leiomyoma, but it has its own identity based on specific
immunohistochemical pattern, while many tumors previ-
ously defined as leiomyoma are now classified as GIST
and even have a different type of treatment [5, 6]. The
leiomyoma have exhibited positivity for smooth muscle
actin and negativity for CD117 and CD34 (c-Kit). Desmin
may be absent, or it may be expressed later [4, 7]. Histo-
logical patterns are similar to those of leiomyosarcoma,
but in leiomyosarcoma, a higher degree of cellular atypi-
cal activity with local pleomorphic and increased mitotic
activity is expressed. There are no well-established criteria
to determine malignancy in these tumors, with some char-
acteristics suggesting a malignant behavior: tumor size
(> 5 cm), histological appearance (necrosis, ulceration,
or cells with atypical) and increased number of mitoses
(> 2 mitoses per field, with a 10-fold increase) [4, 8]. In the
case presented here, the growth and the size of the tumor
suggested its malignant behavior.

It is classified as superficial or deep. The latter is further
divided in somatic and retroperitoneal [2]. The superficial
variant usually affects the extremities with the same inci-
dence in both sexes whereas the retroperitoneal generally
involves the pelvic region in fertile women, like in this case
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Figure 3. Speciment after abdominoperineal resection for anorectal
leiomyoma

[2, 9]. The organs mainly involved in gastrointestinal tract
are the stomach and small bowel, less frequent regions are
esophagus, colon, and anorectal localization which is fairly
uncommon [5, 10]. In the anorectal region, they represent
only 3% of leiomyomas of the gastrointestinal tract and less
than 0.1% of rectum tumors, rarely found in soft tissues,
mainly in the perianal area, and 3.8% incidence of all soft
tissues benign tumors [11].

Considering their growth type, these tumors are divided
into three variants: intraluminal, extraluminal, and intra-
mural. Intraluminal leilomyomas are usually located in the
posterior wall of the distal part of the rectum as in the case
presented here, and they may be sessile or pedunculated.
On the other hand, extraluminal leiomyomas generally
grow from the colonic wall inside the abdomen and they
often resemble a GIST [12]. Sometimes the tumors grow
in both directions, forming an “hour glass,” which could
be said for this case according to the MRI [5, 6].

Preoperative diagnosis is difficult because most pa-
tients are asymptomatic and these tumors are commonly
identified during endoscopy and imaging examination.
The symptoms related to the presence of leiomyoma vary
widely. They may include pain, rectorrhagia, tenesmus or
they can be confirmed by a biopsy and the treatment de-
pends on their alteration, which is confirmed by medical
examination. Biopsy is often non-informative because it
does not involve the entire tumor, including the full evolu-
tion of histological characteristics [3, 6]. The radiological
imaging, such as MRI or 360° tridimensional transrectal
ultrasound, are useful to identify and localize the mass, to
provide information on its relationship with the adjacent
structures such as the anal sphincter or uro-gynecological
structures and to indicate the operative strategy [5].

The treatment of perianal lelomyoma consists in the
complete surgical resection, ensuring tumor-free margins
[3]. Since local resection was impossible due to the size of
the lesion and sphincter involvement, abdominoperineal re-
section was performed as suggested in other cases reported.
The recurrence rate is low when complete local excision is
performed, but the extended postoperative follow-up with
clinical and complementary examinations is important to
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confirm the absence of the disease or to detect any recur-
rences and\or malignant transformation [12, 13]. All peri-
anal lesions need a final diagnosis, leiomyoma should be
considered in differential diagnosis of tumors in anorectal
region. The best surgical approach depends not only on
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'KnuHnykmn ueHTap Huw, LieHTap 3a MUHUManHo nHBasueHy xupyprujy, Haw, Cpbuja;
2KnuHnYkM yeHTap Huw, KnuHuka 3a gurectusHy xupyprujy, Huw, Cp6uja;

3YHusep3auTet y Huwy, MeguumHckmn pakyntet, Huw, Cpbuja

CAMXETAK

YBog Jlejomviomu cy 6eHUrHN TYMOPU NMOPEeKNa raTkux Mu-
wrha Koju ce yrnaBHOM jaBJbajy Ha FEHUTOYPYHAPHOM TPAKTY.
PeTKo ce cpehy y aHopeKTanHoj pervju, rae YnHe marbe og 0,1%
CBYVIX TYMOpa PeKTyMma. Y pay je nprKkasaH U3y3eTHO peaak ciy-
Yaj NlejoMroMa aHopeKTaslHe peruje.

Mpukas 6onecHnKa YeTpaeceTTporoanilba, Have 3apaBa
)KEeHa jaBuna ce 360r Be/IMKe Mace y aHOPEKTaHOj peruju.
»Kanuna ce Ha 601 1 HENaroAHOCT TOKOM ceferba. MarHeTHa
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pe3oHaHLa y3 NaTOXUCTONOLIKM Hana3 nokasasna je BenuKm
nejomunom. 360r BenmumnHe Tymopa 1 Niokanvsauuje n3segeHa
je abpomuHoneprHeanHa peceKkuuja pektyma. lMoctonepatnaHm
TOK MpoTeKao je 6e3 KomnamKauuja.

3aK/byyak He noctoju 3naTHM CTaHAJapA Koju ce Tuye Xu-
PYPLLKOT neyera 3a CBe MaTOXMCTONOLLIKe TUMOBE Tymopa y
aHopeKTanHoj pernju. OgnyKka ce noHekag AOHOCK Yy OfHOCY
Ha BeNMYMHY TYMOpa 1 rMaBHe Terobe 60necHuKa.

KrbyuHe peun: aHanHu KaHan; JiejoM1UoMm; Xupypruja
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SUMMARY

Introduction Infectious or non-infectious noxae may occur in drug-addicted patients who have clinical
presentation of meningeal syndrome with a spectrum of possible complications, such as a diffuse or
focal brain lesions.

The objective of this report is to present a rare case of a drug-addicted male patient, initially suspected
of mycosis of the central nervous system, but computed tomography (CT) and magnetic resonance im-
aging (MRI) showed the signs of an invasive neurosurgical operation that the patient underwent during
the treatment of drug addiction.

Case outline A 37-year-old male patient was hospitalized at the Clinic for Infectious Diseases, Clinical
Center of Vojvodina, with a meningeal syndrome, initially suspected of mycosis of the central nervous
system. He was diagnosed at the Center for Radiology. Neuroimaging - CT and MRI were used in order
to prove or disprove the presence of brain infection. These diagnostic procedures ruled out the pres-
ence of brain infection, but opened questions about the type of neurosurgical treatment performed out
of legal institution, due to the presence of craniotomy and focal glial brain lesions in the frontal lobes.
Conclusion In drug-addicted patients, meningeal syndrome can be connected with diffuse or focal brain
infections. Together with laboratory and clinical analysis, imaging methods contribute to the decision
making and optimal treatment of patients. In our case, CT and MRI made a significant contribution in
the detection of the focal brain lesions and clarification of their etiology.

Keywords: magnetic resonance imaging; tomography, X-ray computed; substance-related disorders;

neuroimaging; craniotomy; nervous system

INTRODUCTION

Intravenous (IV) drug addicts are prone to
various blood-borne infectious diseases. Most
common are human immunodeficiency virus
(HIV) and hepatitis B and C infections [1]. Due
to a high coincidence of IV drug use with HIV,
malnutrition, and immunodeficiency, we used
laboratory tests, serological and molecular bio-
logical tests to differentiate these conditions. IV
addicts can suffer from numerous infectious and
non-infectious diseases of the central nervous
system (CNS). Patients with HIV develop neu-
rological complications in 40-80% of cases [2].
These complications arise from opportunistic in-
fections, tumors or HIV encephalitis [2, 3]. They
are more often caused by bacteria and fungi than
by viruses [4]. These diseases can have a clini-
cal presentation of meningeal syndrome with
a spectrum of possible complications, such as
diffuse or focal brain lesions [4, 5]. Unexplained
and constant headaches in IV drug addicts
should raise suspicion of intracerebral abscess
along with other life-threatening pathologies
[6]. Neuroimaging methods such as computed
tomography (CT) and magnetic resonance im-
aging (MRI) are of crucial importance in setting
a diagnosis of parenchymal brain lesions.

The objective of this report is to present a
rare case of a 37-year-old drug-addicted male
patient, initially suspected of mycosis of the
CNS, but after both CT and MRI have been
done, it showed the signs of an invasive neuro-
surgical operation that the patient underwent
during the treatment of drug addiction.

This study was conducted in accordance
with the Helsinki Declaration and Guidelines
for Good Clinical Practice and was approved by
the Ethics Committee of the Faculty of Medi-
cine, University of Novi Sad.

CASE REPORT

A 37-year-old intravenous male patient, ad-
dicted to drugs for 15 years, came to the emer-
gency department complaining of photopho-
bia, vomiting, and extreme headaches - signs
of the meningeal syndrome. The patient was
disoriented and uncooperative - thus, medi-
cal history was difficult to obtain. He still used
heroin from time to time, the last time being
3-4 weeks before admission. He said that he
did not have any recent viral or bacterial infec-
tion nor loss of body mass. Laboratory analysis
showed HCV-positive infections, but HIV status
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Figure 1. Computed tomography axial bone window displays bone
defects of the frontal bones

of the patient was unknown. Clinical examination indicated
that the patient was afebrile, somnolent, with old scars on
both sides of the frontoparietal scalp. Neurological exami-
nation showed that the right pupil was slightly more dilated,
meningeal signs were negative, and deep tendon reflexes
on the lower extremities were brisker than normally. Other
internal and neurological findings were without a coarse
outburst. In laboratory findings, slightly elevated inflam-
mation parameters were recorded — sedimentation rate
38/70 mm/h, C-reactive protein 30.1 mg/l (ref. 0-5), fi-
brinogen was in the normal range, as well as all the other
biochemical blood and urine analyses. Acute bacterial and
fungal nasopharyngeal infections were excluded (bacterial
nasal and pharyngeal cultures, as well as fungal cultures
were sterile). Hemoculture, bacteriological, and fungal find-
ings were negative. Serological testing for toxoplasmosis
(ELISA method) was negative. Chest X-ray, abdominal and
pelvic ultrasonography were made during hospitalization
and they were without any pathological findings. Initial-
ly, parenteral antibiotics, antimycotics (aminopenicillin,
vancomycin, metronidazole, fluconazole), antiedematous
therapy (mannitol), nonspecific hepatoprotective drug
(Silymarin caps), infusion, and symptomatic (analgesic)
therapy were included. The patient remained afebrile the
entire time and his headaches had a tendency to regress.
Lumbar puncture showed normal cerebrospinal fluid. Dur-
ing his hospitalization, head CT and MRI were done.

Non-enhanced head CT was performed. The contrast
was not applied because the peripheral vein could not be
accessed. It showed focal hypodense brain lesions in both
frontal lobes. An infection of CNS was firstly suspected,
but in differential diagnostics malignant tumors could not
be excluded. On the bone window, bone defects from pre-
vious trepanation were seen on both sides of frontal bones
(Figure 1). Acute pansinusitis was detected, most promi-
nently in the right aspect of the frontal sinus, as well as
sinusitis of the right maxillary sinus, which was described
as mycotic (fungal ball) sinusitis.

Brain MRI and time of flight angiography showed
oval T1 weighted (T1W) hypo/T2 weighted (T2W)

Stoji¢ . et al.

Figure 2. Magnetic resonance imaging T2W axial plane sequence -
hyperintense zones frontally parasagittally bilaterally

hyperintense zones (Figure 2) with marginal T2W/FLAIR
hyperintensity, without restriction of water molecules dif-
fusion, without postcontrast enhancements frontally para-
sagittally bilaterally and with no pathological signal on
proton density. Symmetrically from these zones through-
out the postoperative skull defects there were linear T2W/
FLAIR hyperintensities that suit gliosis. These findings
are primarily fields of encephalomalacia and gliosis due
to a nonstandard neurosurgical procedure. Infectious, ma-
lignant, and inflammatory processes were excluded with
great certainty.

Just after we presented our results to the patient, he
revealed that he underwent a neurosurgical procedure in
order to treat his addiction, but he did not have any medi-
cal documentation to prove the claim.

DISCUSSION

A persistent headache in IV drug users imposes consid-
eration of infectious complications of the CNS [6]. An
afebrile state with normal or slightly elevated inflamma-
tory parameters (leukocytosis, sedimentation, C-reactive
protein) do not exclude infection of the CNS [7]. The type
of narcotics, route, and length of application significantly
affect the etiology, localization, and the form of CNS infec-
tion [6]. The severe headache which our patient had could
be prescribed to acute pansinusitis detected on CT since
we excluded CNS infections.

Focal brain infections in IV drug addicts are among
possible complications and are usually caused by Staphylo-
coccus aureus, Streptococcus spp., and Cryptococcus spp. [6,
8]. Bacterial sinusitis can also be the source of meningitis,
cerebritis, and focal parenchymal lesions of the CNS [9].
Given the suspicion of the fungal etiology of focal brain
lesions in CNS, we firstly suspected Cryptococcus neofor-
mans, which is the most common causative agent of focal
brain lesions. But after a non-enhanced CT was done, it
made a huge reversal in our diagnosis. We found bone
defects on both sides of the frontal bones, and although
they could have been caused by a fungus (fungal osteomy-
elitis), these holes looked like trepanation defects. These
facts opened a question about the type of non-document-
ed neurosurgical treatment which was performed out of
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Consequence of an obscure neurosurgical treatment

a legal institution, due to the presence of a craniotomy.
Stereotactic neurosurgical procedure had been initially
performed for treating psychiatric complaints [10]. It later
extended and was used as a treatment for pain and move-
ment disorders [11]. A recent research has exposed the
fact that it can be very useful in patients with an addiction
refracted to therapy and for treating Parkinson’s disease
as well [12, 13]. Nowadays, with the development of deep
brain stimulation (DBS), it is mainly used in implanting
the intracerebral electrodes [14]. DBS presents an adapt-
able, adjustable, helpful neurosurgical procedure which
delivers electrical pulses to the specific areas in the brain
using implanted electrodes [11]. Considering all this, DBS
was among our most probable causes, but we had to think
of others as well.

Different surgical procedures have been performed to
treat drug addiction, but without precise data from a large
sample and randomized controlled trials concerning pos-
sible complications and the efficiency of the treatment [13].
Frontal lobe plays an important role in cognitive, behav-
ioral and emotional processes with significant interactions
between mesolimbic and mesocortical circuits, especially
in drug-addicted patients [15]. Dopaminergic dysfunction
in neural circuits also plays a specific role in prefrontal
and anterior cingulate cortices in drug-addicted patients,
and these specific areas are the target sites for neurosur-
gical interventions [12]. Bilateral cingulotomy and DBS
are shown to be possible treatments in the therapy of
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addiction, psychiatric diseases, and essential tremor [16].
For the first time in 1973, Balasubramaniam et al. analyzed
the results of 28 addicted patients treated with bilateral
stereotaxic cingulotomy with no long-term complications
[17]. Later, Medvedev et al. [18] also investigated the char-
acteristics and effect of the cingulotomy treatment in 348
heroin-dependent patients in 2003 [13]. Until the 2000s,
300 heroin-addicted patients were treated with bilateral
cingulotomy in Russia. DBS can have adverse events, such
as infections (1.7%), transient confusions (15.6%), seizures
(1.5%), and can lead to death (0-0.4%). Implantation of
the electrode, other than minor gliosis, do not cause any
other damage to the brain tissue [19].

Brain imaging methods CT and MRI are essential for
differential diagnosis and give more information about the
types of brain lesions [4, 20]. The significance of radiologi-
cal imaging modalities in our drug-addicted patient, espe-
cially MRI, was to show that the bilateral focal lesions in
frontal brain regions did not originate from infections, but
were rather a result of an invasive neurosurgical treatment.

In drug-addicted patients; meningeal syndrome could
be connected with diffuse or focal brain infections. Togeth-
er with laboratory and clinical analysis, imaging methods
contribute to the decision-making and optimal treatment
of patients.
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doKanHe ne3uje Mo3ra Kao NOC/NeANUL,A HejaCHOT HEYPOXUPYPLLKOT TPETMaHa Koa
MHTPABEHCKOr KOPUCHUKA NCUXOAKTUBHUX CYNCTAHLM
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CAMETAK

YBopg Y OCHOBY MEHVHIeanHor CMHAPOMa KO UHTPaBEHCKNX
KOPWCHIMKa NCUX0aKTBHUX CyNCTaHLM AndepeHLmjanHoaujar-
HOCTUYKa pa3mMuLLbakba Uay y NpaBLly HOKCY MHEKTVBHOT 1
HenHPeKTMBHOr Nopeka, ca Moryhum Komnankaumjama kao
LITO Cy Andy3He unu GokanHe nesmje mosra.

Linrb paga je nprkas ciyyaja MHTPaBeHCKOT KOPUCHUKA MCK-
X0aKTMBHVX CYMCTaHLM Ca MHULMjaAHOM CYyMHOM Ha MUKO3Y
LieHTpa/IHOT HEPBHOT CMCTEMa, FAe Cy KOMMjyTepr3oBaHa To-
morpadwmja (KT) n marHeTHa pe3oHaHLa (MP) nokasane 3HakoBe
HeypoxupypLIKe onepawuje, Kojoj ce 60NecHINK NoLBprao y
Lsby Nleyera 3aBUCHOCTH.

Mpuka3s 6onecHnka MyLukapal ctap 37 rofHa NPUM/bEH je Ha
KnnHuky 3a nHdekTMBHe 6onecty KnnHuukor LeHTpa Bojsogu-
He Ca 3HaLIMa MEHVHreanHor cuHApoma. MpBo ce CyMrbarno Ha
MUKO3Y LieHTpanHor HepBHor cuctema, a KT n MP cy ce cnpo-
Bene Aa 6y ce npoBepuno fa nu noctoju nHdekuuja. Jujar-
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HOCTUYKe NpoLiefype Cy UCKIbyUnie NocTojatbe MHdeKuuje,
anu ce OTBOPWIIO NTakbe 0 BPCTM HeYypOXMpPYypLLKe npoLeay-
pe Koja je cnpoBefeHa BaH ferasHe MHCTUTYLMje, C 063Mpom
Ha NocTojatbe KpaHoToMuje 1 GOKaNHKX rnjanHux nesuvja y
bPOHTANHNM peXxHeBrMA.

3aKs/byyaK Koj MHTPaBEHCKNX KOPUCHMKA NCUXOAKTUBHMX
CyNCTaHLUM MeHVHreaaHn CUHAPOM MOXe 61TM NoBe3aH ca
AndysHMm nnu dokanHUm nHdekurjama mo3sra. 3ajegHo ca
NabopaTopujcKUM 1 KIIMHUYKAM aHann3ama, CJIMKOBHE MeTo-
Ae BOoNpuHOCe JOHOLEHY OfJlyKa 1 ONTUMAJIHOM TPEeTMaHy
6onecHuKa. Y oBom cnyyajy, KT u MP cy gane 3HavajaH fonpu-
HOC y OTKpMBary GOKanHWX fe3unja Mo3ra 1 pasjallHaBakby
HMXOBe eTronoruje.

KJ'by‘IHe peun: marHeTHa pe3oHaHuUa; KomnijelesoBaHa TO-

Morpaduja; nopemehajy noBe3aHn ca yHOCOM NCUXOAKTUBHUX
CyNCTaHLW; HEYPOCHUMak€; KpaHMOTOMIja; HEPBHU CUCTEM
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SUMMARY

Introduction The treatment of chronic odontogenic maxillary sinusitis remains an important problem
for medicine due to the presence of numerous available techniques, number of complex surgical ap-
proaches, performed by an ENT or maxillofacial surgeon or both.

This study aims to analyse different methods of treatment of chronic maxillary sinusitis by several special-
ists for the choice of the optimal treatment technique.

Outline of cases We describe two clinical cases of multidisciplinary treatment of patients with chronic
odontogenic maxillary sinusitis with the involvement of different specialists — the ENT and the maxil-
lofacial surgeon. One patient was treated with endoscopic technique, and other underwent classic open
sinusotomy using local tissues and xenogenic collagen membrane for removing an oroantral fistula. For
assessing the condition before and after the treatment, clinical examination and computed tomography

were used.

Conclusion According to the results of our study, the endoscopic technique is the preferred method of
treatment of patients with chronic maxillary sinusitis when there is no connection with the oral cavity.
If an oroantral fistula is present, it is necessary to perform an open operation by a maxillofacial surgeon.
Keywords: chronic odontogenic maxillary sinusitis; surgical treatment; multidisciplinary treatment

INTRODUCTION

Chronic odontogenic sinusitis is a disease that
requires the involvement of several specialists
in its diagnosis and treatment: an EN'T, maxil-
lofacial, and dental surgeon [1, 2]. Moreover,
their intervention will depend on the patient’s
condition and the well-organized collaboration
of specialists. In the case of chronic odontogen-
ic sinusitis, both endoscopic sinus sanitation
and open surgery in the volume of traditional
sinusotomy are possible [2, 3]. Treatment of pa-
tients with chronic perforated maxillary sinus
(MS) is complex because of the absence of the
primary substrate for neo-osteogenesis and the
presence of an oroantral fistula. The process
of healing and tissue regeneration is extremely
slow due to persistent microbial contamina-
tion. Disease recurrence is frequent, which then
leads to the need for reoperation and reduction
in the overall quality of the patients life.

There is no one common opinion among spe-
cialists on how odontogenic maxillary sinusitis
should be treated, and by whome — ENT or max-
illofacial or oral surgeon. This is one of the rea-
sons why the results are often quite controversial.

To demonstrate our collective work at the
Sechenov University, we hereby present two
clinical cases with different modalities of sur-
gical treatment.

The subjects’ written consent was obtained,
according to the Declaration of Helsinki, and
the study was approved by the competent ethics
committee (protocols of Local Ethics Commit-
tee N8 from May 26, 2014, and N10-12 from
October 18, 2012) and conforms to the legal
standards. Both patients have given oral and
written agreement for using their computed
tomography (CT) images and medical data.

CASE REPORT #1

Patient D., a 38-year-old woman, was admitted
to the Clinic for ENT Diseases at the Sechenov
University with bilateral nasal obstruction, in-
termittent mucopurulent discharges, mainly
from the left side, and intermittent “pulling”
pain in the left cheek.

The patient had dental treatment of the left
upper jaw about 10 years previously, re-end-
odontic treatment of 2.5-2.6 teeth, followed
by their extraction after one year because of
exacerbation of chronic apical periodontitis and
poor success after therapeutic dental treatment.

The dental implantation in the area of these
teeth was planned. After cone beam CT of the
paranasal sinuses, the patient was sent by a sur-
gical dentist to the ENT clinic for the treatment
of chronic left-side maxillary sinusitis. During
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the examination, nasal breathing was difficult through
both halves of the nasal cavity and the mucous membrane
of the nasal cavity was pink and moist. The nasal septum
was deviated in both directions, more to the right with the
formation of a crest in the bone and cartilage and compen-
satory diffuse hypertrophy of the left inferior nasal concha.

At the time of examination, there was no pathological
discharge in the nasal cavity. When examining the oral cav-
ity, teeth 2.5 and 2.6 were missing. The remaining ENT find-
ings were normal. Based on the results of clinical examina-
tion and CT, the patient was diagnosed with chronic left-side
odontogenic maxillary sinusitis, foreign body of the left MS,
nasal septum deviation and hypertrophic rhinitis (Figure 1).

At the Clinic for ENT Diseases at the Sechenov Univer-
sity, the patient underwent septoplasty with a single-step
endoscopic operation on the left MS with removal of a
foreign body and radio wave correction of the conchae
under combined endotracheal anesthesia. The postopera-
tive period was uneventful. On the first day, the operation
tampons were removed from the common nasal passages.
On the second day, nasal packings were removed from the
middle nasal meatus. Nasal and sinus irrigation through
the extended natural ostium and applications of the vaso-
constrictors were performed.

The patient was discharged on the fourth postopera-
tive day with improvement. Giving the possible presence
of postoperative edema of the mucous membrane of the
nasal cavity and the left MS, dental implantation was rec-
ommended two to three months after surgery.

CASE REPORT #2

Patient S., a 21-year-old man, reported to the Sechenov
University at the Department of Surgical Dentistry with
facial edema on the right side, and air and food getting
from the oral cavity to the nose while eating.

The patient had tooth 1.8 removed three weeks previ-
ously. A week later, he noted the appearance of these symp-
toms. His doctor at the dental clinic sutured the area of
socket of the previously removed tooth 1.8 with a tempo-
rary positive effect. A week later, the buccal edema appeared
on the right side of the face and his body temperature rose
to 38°C. The patient had again turned to the clinic, where
antimicrobial therapy was prescribed. His body temperature
returned to normal, but the buccal edema remained.

On the orthopantomogram, prior to the extraction of
the tooth 1.8, the root tips were present in the MS.

During the examination, swelling of the cheek on the
right side was present, with skin moderately hyperemic,
gathered in the fold. On palpation, the temperature of this
area was higher compared to the other side. The symptom
of fluctuation was negative. Mouth opening was moder-
ately limited to 3.5 cm and painful due to swelling of the
cheek on the right side. Swallowing was free and painless.
Palpation marked a moderate increase in size of subman-
dibular lymph nodes, more to the right. On examining
the oral cavity, the mucous membrane of the right buc-
cal region was swollen, hyperemic and painful during
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Karapetyan L. et al.

Figure 1. Patient D.; cone beam computed tomography of the parana-
sal sinuses before surgery; the crest of the nasal septum, the decrease
in pneumatization of the left maxillary sinus, and the shadow of high
density in the middle sections of the sinus (filling material and dense
fungal inclusions) are determined

Figure 2. Computed tomogram of patient S; before surgery: the de-
fect of the alveolar process of the right upper jaw, the fistula of the
right maxillary sinus with the oral cavity, and thickening of the sinus
mucosa are visualised

palpation, and the symptom of fluctuation was positive.
When examining the area of a previously removed tooth
1.8, the defect of the alveolar process of the upper jaw was
visualized in the retromolar region, with a transition to
the vestibular side up to 1.5-1.8 cm. The nasal test was
positive. Puncturing the line of mucous membrane clo-
sure of the right buccal area, pus was obtained. Abscess of
the buccal region on the right and chronic odontogenic
sinusitis with oroantral fistula on the right were diagnosed.

Under conditions of local infiltration and conductive
anesthesia, a purulent focus was reorganized: an opening
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of the abscess of the right buccal region, wound revision,
washing with antiseptics, and its drainage. The patient was
under dynamic observation and underwent a course of
antibacterial therapy. Daily dressing was performed. After
the patient’s condition improved, a course of physiotherapy
was performed (magnetic therapy) to reduce the swelling
of the soft tissues of the buccal region. After three weeks
(Figure 2), the patient underwent sanitation of the sinus
through the bone defect area. Plasty of the oroantral bone
fistula was done with local tissues, the buccal flap and col-
lagen xenogenic membrane. The postoperative period was
uneventful. During the entire period of dynamic observa-
tion of the patient, signs of recurrent oroantral fistula or
exacerbation of chronic sinusitis were not detected.

DISCUSSION

The method of treatment of patients with chronic maxil-
lary sinusitis and oroantral fistula remains a very impor-
tant problem for otorhinolaryngology, maxillofacial, and
oral surgery.

This chronic sinusitis is usually odontogenic in nature
and is frequently iatrogenic. For example, Philipsen et
al. [4] reported odontogenic cause of chronic sinusitis in
4.7% of 788 patients after their treatment in dental clinics.
Tooth extraction is the most common dental procedure
that leads to sinusitis, in approximately 30%. The most
common reason of perforated form of sinusitis during re-
cent years was the open sinus lifting. Surgeons can damage
Schneider membrane during the detachment, thus leaving
the connection of the MS with the oral cavity in the most
severe cases. According to the literature, the rate of similar
situations is not less than 30%.

Due to the complex character of chronic odontogenic
maxillary sinusitis (COMS), surgical treatment requires a
multidisciplinary approach. There is no method that can be
considered the standard of treatment for chronic maxillary
sinusitis. Endoscopic surgical techniques promote the transi-
tion from extensive type of surgery to minimally invasive.
Endoscopic approach allows for saving important anatomi-
cal structures of the area operated on and maintaining physi-
ological function in the MS in the postoperative period [5].

On recognized odontogenic nature of maxillary sinusitis
and the absence of signs of acute inflammation, there is an
opportunity for the primary endodontic preparation of the
canals, followed by endoscopic sanitation of the MS by an
ENT surgeon. In other cases, when tooth roots do not pen-
etrate mucous membrane of the MS, maxillofacial surgeon
(or dental surgeon) can work in collaboration with the ENT
surgeon during a single procedure. The first doctor performs
tooth extraction, while the second one removes changed mu-
cous membrane of the MS as well as foreign bodies. However,
endoscopic treatment has its own limitations associated with
the angle of working instruments and endoscopes. This prob-
lem can be solved with changing the approach from transna-
sal to microsurgical intraoral approach under the upper lip.

For example, Karpischenko et al. [6] presented a case
report of surgical treatment in a patient with exacerbation
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of chronic maxillary sinusitis. Due to multiple previous
surgeries (two endoscopic surgeries and one radical sinus-
otomy of the left MS) 3D CT of paranasal sinuses presented
multiple cells with abnormal contents, a front-wall sinus
defect, and scar retractions. The complex anatomy of the
MS forced the authors to use electromagnetic navigation
system during the surgical treatment of the patient. This
device allowed for the assessment of the sinus anatomy and
adjacent structures and adequate surgical opening of all
sinus cells. On control 3D CT scan of the reconstruction
of paranasal sinuses, all cells of MS on the side of operation
were not damaged [6].

The more difficult case for surgical treatment is the par-
tial location of the upper third molar in oral cavity where
there isn’t enough soft tissue to provide good imperme-
ability of the surgical wound. This could lead to perfora-
tion after tooth extraction and then formation of oroantral
fistula. Dental and maxillofacial surgeons must be prepared
for these situations and have available different additional
instruments, suture and osteoplastic or barrier materials
to prevent formation of oroantral fistula.

The difficulties of using different techniques for closing
of acute perforation after tooth extraction are connected
with wide spreading of microorganism in oral cavity and
easy migration through the surgical wound to MS. Ap-
pearance of area inflammation, especially in the zone of
intraoperative bleeding with later formation of hematoma,
leads to development of acute maxillary sinusitis in postop-
erative period. The presence of microorganism increases
the risk of suture failure and the inability of secondary
wound healing during persistent infection. Thus, methods
and materials for closing of acute perforation of MS and
oroantral fistula should be chosen very carefully.

There are various techniques of repairing odontogenic
perforations of the bottom of the MS using mucosal flap
from the palatine and the vestibule side of the oral cavity,
flaps from the lateral surface of the tongue, the mucous
membrane of the cheek and the nasal cavity. All of them
have their advantages and disadvantages and require fur-
ther investigation.

Thus, the issue of treating patients with chronic odonto-
genic sinusitis remains open due to a rather large number
of conditions, which makes the selection of the leading
specialist complex. With COMS with a foreign body pres-
ent, if the sinus anatomy is preserved and there is no com-
munication with the oral cavity, it is preferable to conduct
endoscopic sanitation of the MS by an ENT specialist. In
the presence of an oroantral fistula, additional involvement
of the maxillofacial surgeon or dental surgeon is necessary
to conduct a full-fledged sinusotomy and to perform recon-
structive techniques using osteoplastic materials and flaps.
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MW’ITMAMCLI,MHHMHapHO nevere 6onecHuKa ca XPOHUYHOM OAOHTOreHOM ynasiom

MaKCMNAPHOT CMHYCa — NPUKa3u 601eCHMKA

Jlvjana KapaneTjaH', Banepuj CBucTywwknH', JekatepuHa [njaukoBa? CeetnaHa TapaceHko? Jbyamuna LlamaHajeBa’

'MpBM MOCKOBCKM ApKaBHW MenLHcKI yHuBep3nTeT /. M. CeueHos’, Kateapa 3a otoprHonapuHronorujy, Mocksa, Pycka Gepepauiyja;
“TpBY MOCKOBCKI ApXaBHI MeAULMHCKM YHIBep3uTeT M. M. Ceueros", Kategpa 3a aeHTanHy xupyprujy, Mocksa, Pycka Oepepauuja;
*MpBY MOCKOBCKY ApXaBH MeanLnHcKM yHnBep3uTeT, /. M. CeyeHoB", Kateapa 3a Makcunodauujanty xupyprujy, Mocksa, Pycka Gepepaumja

CAMETAK

YBop Jleyerbe XPOHNYHOT OJOHTOreHOT MaKCUIaPHOT CUHY-
cuTUCa 1 flasbe je BakaH Mpobniem 3a MeAmnLHY 3601 6pOjHMX
PacronoXnBUX TEXHMKA, COMEHVX XMPYPLUKMX NPUCTYMa, Koje
06aBsbajy OTOPUHOMNAPUHIONOLWKM MU MakcunodaLmjaniu
Xvpypr vnu obojuua.

Linb oBe cTyamje je Aa ce aHanusunpajy pasnuunte MeToge fe-
Yetba XPOHNYHOT MaKCUAPHOT CUHYCUTICA Of CTPaHe pasnu-
YMTUX CneLyjanmncTa Kako 61 ce HaunHKO M36op HajnoroaHwje
TEXHUKe neyema.

Mpukasu 6onecHuka Onucyjy ce fBa KIMHMYKA CyYaja MynTy-
AVICLIMNIMHAPHOT Nleyetba 6onecH1Ka ca XpOHUYHUM OfOHTOre-
HVIM MaKCUIapHUM CYHYCUTUCOM Y3 yuelhe pasnuumntix cne-
LmjanucTa — OTOPMHONAPVHIOMOLWKOT U MakcunodaLmjanHor

DOI: https://doi.org/10.2298/SARH190822012K

xupypra. JeaaH 6onecHuK je neyeH eHAOCKONCKOM TEXHUKOM,
a Apyru je NoABPrHyT KaCU4HOj OTBOPEHOj CUHYCOTOMMU)U KO-
pyhereM TOKANHNX TKUBA U KCEHOTeHe MembpaHe KoslareHa
3a yKnamatbe opoaHTpanHe ¢puctyne. 3a NpoLieHy cTarba npe
1 nocse neyverba KopuwheHn Cy KNTMHUYKY NPErieq 1 Komrjy-
Tepu3oBaHa Tomorpaduja.

3akipyuak pema pesyntaTvma oBe CTyfunje, eHAOCKOMCKa
TEXHUKa je NoxesbHa MeToAa Neyera 6onecHrKa ca XpoHUY-
HVIM MaKCUNapHUM CUHYCUTUCOM KaAa Huje NoBe3aH ca yCHOM
LWynsbUHOM. AKO MOCTOjU OpOaHTpasHa GUCTyna, NoTpebHo je
[a OTBOPEHY onepaLujy n3sege MakcunodaLmjanHu Xupypr.

KrbyuHe peum: XpOHNYHY OJOHTOrEHN MaKCUIAPHN CUHYCUTIC;
XUPYPLUKO JleYere; MyNTUANCUMIANHAPHA TPETMaH
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Mineral trioxide aggregate for the treatment of
external root resorption in an avulsed immature
tooth - ten years of follow-up

Tamara Peri¢', Dejan Markovic', Bojan Petrovic¢?

'University of Belgrade, School of Dental Medicine, Department of Paediatric and Preventive Dentistry,
Belgrade, Serbia;

2University of Novi Sad, Faculty of Medicine, Dentistry Clinic of Vojvodina, Department of Paediatric and
Preventive Dentistry, Novi Sad, Serbia

SUMMARY

Introduction Root resorption may occur as a consequence of avulsion injury and may lead to the progres-
sive loss of tooth structure. The aim was to report the outcome of root resorption treated with mineral
trioxide aggregate in a replanted immature permanent incisor after 10 years of follow-up.

Case outline This case presents external root resorption that was detected 18 months after the avulsion
injury in a nine-year-old child. Apical portion of the canal was filled with mineral trioxide aggregate and
the rest of the canal was filled with a canal sealer and gutta-percha. Control examinations were performed
six months after the completion of the endodontic treatment and afterwards yearly. The tooth was as-
ymptomatic clinically and radiographs did not show progression of root resorption up to four years of
follow-up. Infraposition of the injured tooth was detected five years after the replantation, but without
significant radiographic changes, until the eight-year follow-up, when root resorption was detected
again. However, the tooth was still hard and symptomless at the 10-year follow-up.

Conclusion Mineral trioxide aggregate may have an important role in the preservation of replanted

immature teeth for a prolonged period.

Keywords: immature teeth; avulsion injury; root resorption; mineral trioxide aggregate

INTRODUCTION

Traumatic injuries to permanent anterior teeth
are common during childhood and 0.5-16%
of the 7-10-year age group experience tooth
avulsion [1]. Prolonged inadequate storage
has been identified as a crucial factor for the
survival of an avulsed tooth [2]. Ideally, tooth
should be replanted within five minutes after
the injury, but in clinical practice, teeth are fre-
quently stored in unphysiological media and
replantation is delayed [2]. Therefore, loss of
pulpal vitality could be considered to be an
expected clinical finding in avulsed teeth [3].
As a further complication, root resorption may
occur and may lead to the progressive loss of
tooth structure.

The treatment of avulsed immature per-
manent teeth presents a challenge in the con-
temporary clinical practice. Despite the fact
that teeth with open apices have a potential to
revascularize and continue root development,
these teeth usually have poorer prognosis in
comparison to mature teeth, particularly due
to delayed replantation after unphysiological
storage [3]. Unfortunately, in the majority of
clinical cases, the objective of endodontic treat-
ment is to eliminate the infection or arrest the
root resorption.

Mineral trioxide aggregate (MTA) is end-
odontic cement that consists of tricalcium

oxide, tricalcium silicate, tricalcium alumi-
nate, silicate oxide, bismuth oxide, and other
hydrophilic particles, which set in the presence
of moisture. This is a biocompatible material
which provides good sealing [4, 5]. It has been
reported to stimulate osteoblasts/odontoblasts,
thus inducting hard tissue formation, and its
use has been recommended in complex end-
odontic cases [6, 7, 8]. The use of MTA for
endodontic treatment of immature teeth im-
plies the formation of an apical plug that acts
as an artificial barrier providing an immediate
obturation of the open apex.

The purpose of this report was to describe
the outcome of root resorption treated with
MTA in a replanted immature permanent in-
cisor after 10 years of follow-up.

CASE REPORT

A nine-year-old girl was referred from the pub-
lic dental health service to the Clinic for Paedi-
atric and Preventive Dentistry, School of Dental
Medicine, University of Belgrade. Serbia, in
August of 2004. The night before the referral,
after an accident during play, she suffered an
avulsion injury of a permanent left central max-
illary incisor and primary left lateral maxillary
incisor and uncomplicated crown fracture of a
permanent right central maxillary incisor.
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Figure 1. Initial radiograph

Replantation of the avulsed permanent
tooth was performed after three-hour dry
storage at the public health service facilities
(Figure 1) and the injured tooth was stabi-
lized at our clinic with a passive, flexible
acid-etched composite splint after a total
of 14 hours. Although tetracycline was
recommended, the girl was placed on 250
mg of penicillin to be taken every six hours
for one week. Tetanus coverage was evalu-
ated and suitable oral hygiene and dietetic
regime were recommended. Informed pa-
rental consent for the future treatment was
obtained in writing and consent was also
obtained from the child.

Ten days after the injury, endodontic
treatment of the replanted tooth was initi-
ated. Following pulpectomy, a non-setting calcium hydrox-
ide paste (Kalcipast®, ICN Galenika, Belgrade, Serbia) was
placed in the root canal. The splint was removed 14 days
after the injury.

According to guidelines at that time, endodontic treat-
ment consisted of periodical changes of a calcium hydrox-
ide dressing for apexification at the following regime: seven
days, one month, and when radiographs revealed a loss
of material from the root canal (Figure 2) [9]. Periapical
radiographs were taken every three months during the
first year, and every six months thereon. Eighteen months
after the injury, external root resorption was detected ra-
diographically (Figure 3). At this point, the patient and
her parents were informed that initial treatment was not
successful, and that progredient root resorption would
eventually lead to tooth loss. They were not particularly
motivated to continue with the treatment that is “tempo-
rary, especially in the situation when the complication
occurred. Taking into account all clinical considerations,
a definitive endodontic treatment was suggested.

Calcium hydroxide was removed and the apical por-
tion of the canal was filled with mineral trioxide aggregate
(ProRoot MTA, Dentsply Tulsa Dental, Tulsa, OK, USA;

‘ DOI: https://doi.org/10.2298/SARH190111103P

Figure 2. Calcium hydroxide dressing
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Figure 3. External root resorption after 18
months

Figure 4. Definitive obturation with: (A) MTA; (B) root canal sealer and gutta-percha

Figure 4a). The material was allowed to set into the canal
and after three days the rest of the canal was filled with a
canal sealer (Acroseal, Septodont, Saint Maur des Fosses,
France) and gutta-percha (Figure 4b). The crown of the
tooth was then restored with glass-ionomer cement (Fuji
IX, GC Int, Tokyo, Japan) and composite material (Gradia
Direct, GC Int).

Control examinations were performed six months after
the completion of the endodontic treatment and yearly
thereon. The tooth was asymptomatic clinically and ra-
diographs did not show progression of root resorption up
to four years of follow-up (Figures 5a-5c¢). Infraposition of
the injured tooth was detected five years after replantation,
suggesting that replacement resorption was developing
(Figure 5d). At this point, decoronation was not consid-
ered as a treatment option since alveolar contour was still
preserved. To improve aesthetic appearance, the tooth was
built-up with composite material. At the six-year (Figure
5e) and seven-year (Figure 5f) follow-up, no significant
resorption progression was observed clinically or radio-
graphically. Starting from the eighth year, root resorp-
tion developed again (Figures 5g-5i). However, the tooth
was still hard and symptomless at the 10-year follow-up.
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Figure 5. Radiographic follow-up after: (A) two years; (B) three years; (C) four years; (D) five years;
(E) six years; (F) seven years; (G) eight years; (H) nine years; and (I) 10 years

Unfortunately, the patient was not followed longer as she
had moved and the tooth was extracted by another dentist.

DISCUSSION

Most avulsion injuries occur at an age which is crucial
to facial growth and the psychosocial development of a
child. The treatment of an avulsion injury is rather de-
manding, considering the fact that several factors, such as
the mechanism of the injury, apical maturity of the root,
extra-alveolar storage, the patient’s compliance, etc. may
influence therapy and prognosis of these injuries [3]. Nev-
ertheless, the maintenance of the injured tooth is of utmost
importance in young patients until growth reaches its full
potential.

Favorable healing after an avulsion injury requires quick
emergency intervention, followed by an evaluation and
possible treatment at decisive times during the healing

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):231-235

phase [10]. The maintenance of
periodontal ligament cellular vi-
ability is essential for longevity of
the replanted tooth [11]. How-
ever, if excessive drying occurs
before replantation, the damaged
periodontal ligament cells will
elicit a severe inflammatory re-
sponse over a diffuse area on the
root surface. Treatment strategies
should always be considered in the
context of limiting the extent of
the peri-radicular inflammation,
thus tipping the balance toward
favorable (cemental) rather than
unfavorable (osseous replacement
or inflammatory root resorption)
healing [10].

Apical maturity of the root
presents an important factor that
determines the outcome of a re-
planted tooth. Although a tooth
with uncompleted root develop-
ment possesses a strong reparatory
potential and a thicker periodon-
tal ligament that desiccates more
slowly, the postreplantation out-
come is usually poorer compared
to a mature tooth. Andreasen et
al. [2] in a study of 400 replanted
teeth reported higher failure rates
in teeth with open apices. Accord-
ing to the current guidelines, the
removal of the necrotic pulp tissue
and the use of calcium hydroxide
in the root canal are mandatory
to stimulate apical closure in a
developing tooth and to prevent
root resorption [12]. However, it
has been reported that prolonged
treatment with calcium hydroxide exhibits a high com-
plication rate [2, 3]. This approach comprises repetitive
changes of calcium hydroxide dressing which may last for
several months leading to the difficulties in patient follow-
up. In addition, the canal is susceptible to reinfection be-
cause it is covered by a temporary coronal seal [13]. For
those reasons, the use of calcium hydroxide for apexifica-
tion is no longer supported [14].

Currently, MTA is recommended for the treatment of
immature teeth with necrotic pulp [5]. Erdem and Sepet
[13] performed early treatment with MTA in traumatized
immature incisors and showed resolution of the periapical
lesions and apexification in four out of five teeth during
the two-year follow-up period. Sarris et al. [15] investi-
gated MTA as an apical barrier in 17 non-vital immature
permanent incisors and reported a decrease in the size of
the periapical lesion without radiographic signs of root
resorption in 76.5% of cases. Moore et al. [16] evaluated 22
non-vital traumatized teeth treated with MTA and showed
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95.5% clinical and 90.9% radiographical success during the
minimum 18-month follow-up. Pace et al. [17] evaluated
17 immature teeth treated with MTA during 10 years and
reported 94% healing rates. Cetenovic et al. [18] assessed
two MTA products in both immature and mature trauma-
tized necrotic teeth, and showed significant reduction or
complete regression of chronic periapical lesions. Data on
comparison between calcium hydroxide and MTA clinical
efficacy in immature teeth apexification are still limited.
It has been shown that both materials had similar clinical
(asymptomatic tooth without pain, swelling, and luxation)
and radiographical (apical barrier formation, normal peri-
apical space, no root resorption/fracture) success rates,
with apical barrier formation with MTA requiring signifi-
cantly shorter time [19-23].

The evidence on use of MTA for the treatment of teeth
with root resorption is low [5]. Correspondingly to the
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present case, Aggarwal and Singla [24] reported that treat-
ment with MTA successfully discontinued external root
resorption after avulsion and replantation during a four-
year follow-up. It has been shown that MTA has high pH
and the ability to release calcium and phosphate ions for
a longer period, which may deactivate the inflammatory
process and retard the odontoclastic activity [24, 25].

To conclude, maintenance of an anterior tooth is of the
utmost importance in pediatric patients until growth reaches
its full potential. MTA may have an important role in the
preservation of a replanted immature tooth for a long period.
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MuHepanHu TPMOKCUAHM arperaT y Tepanuju eKCcTepHe pecopnuuje KopeHa
u3bujeHor 3y6a ca He3aBpLUEHUM PacTOM KOPEHa — UCXOZ NOC/Ie AeceT roguHa

Tamapa Mepuh', Nejan Mapkosuh', bojaH MeTpoBuh?

'YHuBep3utet y beorpapy, Cromatonoluku dakynteT, KnuHnka 3a fieyjy 1 npeBeHTBHY ctomatonorujy, beorpag, Cpbuja;
2YHneep3uTet y HoBom Cagy, MeguumHckm dpakyntet, KnuHuka 3a ctomatonorujy Bojsoaute, Hosu Cag, Cpbuja

CAMETAK

YBop Pecopniuyja kopeHa 3yba ce MoXe jaBUTY Kao Nocneau-
Lia NoBpeze 1 MOXe BOANTY MPOrPeCUBHOM ryOUTKY 3yOHNX
CTPYKTYpa.

Linmb paga je 610 fa ce NpuKaxe KNMHUYKM NCXOR PenaHTa-
Lmje n3bujeHor cTanHor 3yba ca He3aBpLUEHMM PacTOM KopeHa
nocrne feceT roguHa.

Mpukas 6onecHuKa [NpefcTaB/beH je Cyyaj eKCTEpHE pecopr-
Lmje KopeHa 3yba AeTekToBaHe 18 MmecewLy nocsie aByn3voHe
noBpeAe KOA AeBeToroauLltber aeteTa. AnvkanHu feo KaHana
KopeHa 3y6a je HanyreH MUHEPaNHUM TPUOKCUIHVM arpera-
TOM, AOK je OCTaTaK KaHana OnTypupaH NacTom U rytanepka
noeHrMa. KoHTponHu npernegm cy obaBsbaHu LWECT Mecewm
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nocsie 3aBpLUeTKa eHAO0LOHTCKOT Nleyetba 1, Nocse Tora, jep-
HOM roguwwibe. [lo yeTBpTe roanHe npahema 3y6 je 6uo 6e3
KIIMHUYKMX 1 pagmorpadCcKux 3HakoBa Nporpecuje pecopnuuje
KopeHa. ViHppano3uumja nopeheHor 3yba youeHa je neT ro-
[VHa nocne pennaHTaumje, anv 6e3 3HayajHuX pagmorpapckmx
NPOMeHa CBe 10 0CMe rofyHe npahetsa, Kaja je youeHo Harn-
penoBatbe pecopryyje kopeHa. inak, nocne gecet roguHa 3y6
je n parpe 61o KNMHNMYKK 63 cumnToMma.

3aksbyyak MyHepanHu TPVOKCUAHY arperaTt MoXe NMaTu 3Ha-
YajHy ynory y oyrotpajHom ouyBakby perniaHTupaHx 3yba ca
He3aBpLUEHNM PacTOM KOpeHa.

KrbyuHe peun: He3aBpLUEH PacT KOPEHa; aByn3uja; pecopnuuja
KOpeHa; MHepasiH/ TPUOKCUAHM arperaT
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SUMMARY

Uterine fibroids affect almost one in two patients, causing many pelvic problems and requiring pharma-
cologic and surgical treatment. For many years, the importance of the fibroid was emphasized as uterine
pathology, without focusing on the complex myometrial biology peripheral to fibroid. Moreover, the
traditional surgical technique in fibroid removal has not been investigated for years. In recent years, on
the contrary, morphological, neuroendocrine and anatomical studies have demonstrated the importance
of a biological and surgical structure surrounding myoma, rich in neurotransmitters and neurofibres, the
myoma pseudocapsule. This structure is formed in the womb peripheral to fibroid onset, it separates the
fibroid from the myometrium and acts as a tissue regenerator after the removal of the fibroid from the
uterus. The translation of scientific research on pseudocapsules into surgical practice has allowed us to
identify new techniques of myomectomy, removing the myoma inside the pseudocapsule and promot-
ing the pseudocapsules sparing surgery. All this to favor the subsequent biological process of uterine
scarring and healing, by activating the neurotransmitters and neurofibres present in the myometrial
fovea. The correct healing after fibroid removal restores the uterine anatomy, with a positive impact on
subsequent reproductive function, reducing problems related to the muscle scar.

Keywords: myoma pseudocapsule; myomectomy; neurovascular bundle; reproductive surgery; preg-
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INTRODUCTION

Uterine myomas, leiomyomas, or fibroids are
the most common pathology in female genital
organs; most of them are asymptomatic, but
they can also cause severe symptoms [1]. The
prevalence of uterine fibroids ranges 5.4-77%
[2]. Fibroids negatively affect female reproduc-
tive function, as they are recognized as an im-
portant cause of infertility. Moreover, women
affected by fibroids are at a higher risk for com-
plications during pregnancy, labor, and delivery
[3]. Fibroids are preferentially treated by sur-
gery, by vaginal, laparoscopic, laparotomic, or
hysteroscopic approach [4, 5, 6].

Currently, minimally invasive techniques
based on biologically reasoned myomectomy
allow the preservation of the myoma pseudo-
capsule, in order to spare the muscular and
fibro-neurovascular myometrial fibers, ensur-
ing the complete and bloodless removal of the
myoma [7, 8].

PHYSIOLOGY OF UTERINE MUSCLE REPAIR

Myometrial scar after myomectomy requires a
correct and physiological healing. The healing

process, once the fibroid is enucleated, is one of
the fundamental steps that restores the uterine
reproductive function. Nevertheless, the muscle
damage itself may promote the signaling activi-
ties to trigger regeneration of the myometrium.
The synthesis and release of signaling molecules,
initiated by neurotransmitters and neurofibres,
after the cellular damage, can prompt itself the
cell activation, inducing muscle regeneration and
healing [9]. After the muscle damage, the bio-
logical “injury-repair-regeneration” sequence
leads to complete functional recovery during the
days or weeks after the initial injury [10].

The fundamental process in the regeneration
of a damaged muscle is the revascularization of
the injured muscular tissue. The neoangioge-
netic network in the myometrial fovea (where
the fibroid was located) is the first sign of tissue
repair, as a necessity for the later morphological
and functional healing. New capillaries grow
from the surviving stems of the blood vessels
into the center of the myometrial fovea; the
neoangiogenesis in the damaged myometrium
provides a sufficient supply of oxygen, improv-
ing aerobic energy metabolism for the muscular
tissue repair [11]. In such a regenerative pro-
cess, the neuropeptides and neurotransmit-
ters have a significant role in wound healing.
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Moreover, there is evidence that the nervous system and
its neurotransmitters, such as neuropeptide Y (NPY), sub-
stance P (SP), vasoactive intestinal peptide (VIP), oxyto-
cin, vasopressin (VP), growth-hormone-releasing hormone
(GHRH), protein gene product 9.5 (PGP 9.5) and calcitonin
gene-related peptide (CGRP) play a crucial role in mediat-
ing inflammation and healing processes [9, 12, 13]. Among
these neurotransmitters, a slight distribution of oxytocin
neurofibres into the uterus has been demonstrated, with
their high presence into the cervico-isthmic area [14].

Analyzing the biology of the myometrial scar after
myomectomy, the spared neuropeptides enhance the cor-
rect myometrial healing at the hysterotomic site, and most
of the abovementioned neuropeptides have been found
in the fibroid pseudocapsule, as a neurovascular bundle
surrounding the fibroid [14-17]. To date, it has not been
clarified if the pseudocapsule vasculature network could
be sustained by mechanical and inflammatory effects of
the fibroid on myometrium, or produced by a sort of “neo-
plastic-type” neoangiogenesis, due to the myoma growth
or even to a muscle and tissue healing process [18].

In the human uterus, obstacles in attaining serial spec-
imens of hysterotomic scar after myomectomy are the
main problems of biological and surgical investigations.
Thus, the post-cesarean section and post-myomectomy
remodeling processes in the womb are currently an un-
solved puzzle. They can be monitored only by ultrasound
or magnetic resonance imaging [19].

Healing of the wound is a vibrant process which in-
volves neuromediators, neuropeptides, angiogenetic fac-
tors, blood cells, extracellular matrix, and parenchymal
cells. It follows three composite and coinciding phases:
inflammation, tissue formation, and remodeling [20]. In
these phases, the intra-pseudocapsule growth factors can
be very useful in enhancing the muscle repair process after
myomectomy [21].

Nonetheless, the biogenesis of a myoma pseudocapsule
requires further investigations, either on the analysis of
the hormonal and pharmacological effects of drugs on the
pseudocapsule, based on reducing fibroid growth without
compromising pseudocapsule characteristics, or on the pre-
operative therapy and the post-operative follow up, in order
to preserve womb functionality, as much as possible [22, 23].

THE“INTRACAPSULAR MYOMECTOMY"”

The rationale for the fibroid removal starts with the pres-
ervation of its pseudocapsule (Figure 1), the neurovascular
bundle which surrounds the myoma itself [15, 16, 17]. This
modern technique of removing fibroids was adapted from
urology, in which the removal of the prostate gland must
occur with the conservation of the neurovascular bundle
above it. Thus, concerning the significance of the prostatic
capsule-sparing and the physiological role of nerve-sparing
techniques for prostatectomy, it was possible to translate it
on the pseudocapsule-sparing during myomectomy.
There are also some passages that can be borrowed
from urology to gynecology during prostatectomy and
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Figure 2. Laparoscopic intracapsular myomectomy

myomectomy. During laparoscopic/robotic prostatectomy,
if bleeding occurs, meanwhile, insufflation pressure can be
increased and local compression can also be performed by
a hemostatic gauze, directly on the prostate neurovascular
bundle (the source of bleeding). The same surgical pas-
sages can be repeated during laparoscopic myomectomy
(Figure 2), in case of bleeding. Then, the hemostasis by
high-wattage diathermocoagulation should always be
avoided during dissection near the prostate neurovascu-
lar bundles, as it has been shown that it can be harmful to
the cavernous nerve function in the canine model, with
indirect damage to the pelvic nerves of sexual function
after prostatectomy [18, 24].
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Figure 3. Macroscopic exposition of the pseudocapsule

Returning to the fibroid enucleation technique, the pos-
sibility to perform myomectomy by removing the myoma
from its pseudocapsule was called “intracapsular myomec-
tomy” [16, 18, 19]. In this technique, the fibroid is taken
out, by surgeon, from its muscular fovea, by stretching and
enucleating the myoma directly from the adjacent myome-
trium, avoiding the damage to the adjacent fibromuscular
skeleton, breaking up the fibrous bridges (Figure 3) [4, 6,
25, 26]. As a general surgical recommendation, in robotic,
laparoscopic, laparotomic, vaginal, or hysteroscopic set-
ting, the surgical enucleation of each fibroid always needs
to be gently performed in order to enhance and improve
the successive myometrial healing, trying to correctly re-
store the uterine anatomy and biology [27, 28]. Thus, the
myoma pseudocapsule neurovascular bundle needs to
be preserved and spared during myomectomy, avoiding
any damaging surgical maneuvers, such as extensive and
high-wattage diathermocoagulation or unnecessary tis-
sue manipulation or muscular injury. This physiological
surgical technique to remove fibroids largely respects the
fibroid neurovascular bundle, and its neuropeptides and
neurofibers, since the iatrogenic pseudocapsule damage

‘ DOI: https://doi.org/10.2298/SARH190720014T

Tinelli A. and Spari¢ R.

.
Figure 4. Laparotomic intracapsular myomectomy

may change the successive neurotransmitters’ function in
muscle repair, thus impairing uterine healing [8, 18].
The operative consequences of an inappropriate myo-
mectomy technique performed with pseudocapsule injury
may lead to the following: 1) a reduction in the number of
neuropeptides and neurofibres at the hysterotomic site, with
a negative impact on physiological myometrial healing; 2)
an increase of the fibrotic process at the hysterotomic site;
and 3) insufficiency of either myometrial neurotransmis-
sion or of muscular impulse and contractility. All of these
features can lead to an altered post-surgical uterine physiol-
ogy, as well as to a reduced uterine musculature function-
ality. This process could be the main one responsible for
impaired healing with uncorrected myometrial function-
ality, with unfavorable effects on a subsequent pregnancy,
including a possible dramatic uterine rupture [29, 30].

LAPAROTOMIC/LAPAROSCOPIC INTRACAPSULAR
MYOMECTOMY

The laparotomic and laparoscopic intracapsular myomec-
tomy techniques do not differ substantially, except for the
major surgical benefit of laparoscopy in case of subserous
and intramural fibroids. The principal benefits of the en-
doscopic approach are significant reduction of periopera-
tive operative blood loss, lower dosage requirements for
analgesic drugs, and shorter hospitalization. Additionally,
laparoscopic intracapsular myomectomy results in slightly
enhanced short-term outcomes in terms of postoperative
fever, myometrium scar hematoma formation, ileus and

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):236-241
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antibiotic treatment, in comparison to laparotomic surgery
(Figure 4). Laparoscopic myomectomy has reduced blood
loss for the hemostatic CO, pressure, a part of selective
gentle coagulation of the pseudocapsule vessels. The CO,
insufflation can reduce blood loss during laparoscopy, as
increased intra-peritoneal pressure can lead to the occlu-
sion of small blood vessels and capillaries during myo-
mectomy [30]. This effect, combined with fewer traumatic
endoscopic micro-manipulations, could result in overall
positive surgical results [2, 7, 25].

Once the visceral peritoneum is incised at the midline
longitudinal plane, by monopolar scissors, by the harmonic
scalpel, monopolar scissors, or crochet needle electrode,
the myoma pseudocapsule is easily recognized during dis-
section and then cut to expose the fibroid surface. The
identification of the “cleavage plane” between the fibroid
and the pseudocapsule is important for correct intracapsu-
lar myomectomy, in order not to preserve muscular fibers
and to selectively coagulate blood vessels of the pseudo-
capsule. Atraumatic clamp or irrigator cannula should be
used to gently dissect the myoma from its pseudocapsule.
Hemostasis of the small vessels bleeding can be selectively
achieved by low-wattage bipolar clamps, a harmonic scal-
pel, hook electrode, or monopolar scissors, always at low
wattage (not more than 30 watts), to progressively expose
the hidden part of the fibroid into the uterus (the myome-
trial fovea), incorrectly called “the base of the myoma’, and
the pseudocapsule fibrovascular bridges (selectively co-
agulated). This technique allows for a complete minimally
traumatic removal of the fibroid from its pseudocapsule,
with minimal blood loss and pseudocapsule sparing.

HYSTEROSCOPIC INTRACAPSULAR MYOMECTOMY

The development of hysteroscopic myomectomy in 1976
represented a revolution in the treatment of submucous
fibroids, replacing the laparotomic approach, significantly
improving patients’ surgical outcomes [31]. Nowadays, the
hysteroscopic myomectomy represents the gold standard
in the treatment of submucous myomas [32]. Nevertheless,
the submucous myomas’ treatment is probably a hystero-
scopic procedure that caries greater risk than others, due
to the potential for complications it has, such as cervix
laceration, hemorrhage, uterine perforation, or clinical in-
travasation syndrome [33, 34]. It is not easy to estimate the
right frequency of the abovementioned complications as it
is of high variability according to pathology characteristics,
surgeon skills, and employed technique [35].

Wamsteker et al. [36] and Lasmar et al. [37] investi-
gated and assessed the characteristics of submucous fi-
broids able to influence surgical outcomes in hysteroscopic
myomectomy. The treatment of intracavitary fibroids with
an intramural extension of 50% or more has always been
represented as a challenge for hysteroscopic surgeons, as
it is burdened with an increased risk for intraoperative
complications, sometimes requiring a multiple-step pro-
cedure [5, 36, 38]. Moreover, in cases of multiple myomas,
the risk is even higher.
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Currently, resectoscopic slicing is still the most com-
monly used technique for treating submucous myomas,
and probably for this reason myomectomy represents the
hysteroscopic procedure with a higher complication rate.
Unfortunately, the classical slicing technique, even in ex-
pert hands, does not respect the pseudocapsule and the
adjacent healthy myometrium. During the resection of
the intramural component of a myoma, the “pseudocap-
sular tissue” should be visualized all over the resected area.
Sometimes, due to fibroid dimensions and bleeding, it can
be challenging to make a distinction between the myoma
tissue, the pseudocapsule, and the healthy myometrium.
The problem is the direct action of the electrical loop dur-
ing the myoma slicing and the incorrect dissection of the
anatomical planes. The traditional technique altered the
intrauterine anatomy and it is almost impossible to avoid
the injury of the myometrial fibers, causing a direct (by
cutting) and indirect (by thermal spreading) damage to the
pseudocapsule and the surrounding healthy myometrium.
This fundamental issue is responsible for all the intraop-
erative complications during the hysteroscopic myomec-
tomy. Moreover, the role of surgical trauma to the healthy
myometrium during hysteroscopic surgery can lead to
synechiae and adhesions’” formation [28, 39].

The ideal hysteroscopic myomectomy ideally should be
performed in one surgical step, a safe and effective proce-
dure, which is simple and well-tolerated [32]. In the last
decades, several techniques have been proposed in order
to overcome the limits represented by the classical slicing
for the treatment of the myometrial portion of submucous
myomas [5]. The main objective of these techniques was
the detachment of the intra-myometrial part of the fibroid,
in order to enable the sliding from the myometrium into
the uterine cavity. Some authors proposed the use of uter-
ine contractions, induced by manual massage, drugs, or
changing intrauterine pressure [40-43]. A combination
of multiple techniques and ultrasound monitoring during
myomectomy was also described [44, 45]. Authors pro-
posed the detachment of intramural component of fibroids
by electrical incision of the fibroconnective bridges, an-
choring the myoma to the pseudocapsule [46].

A technique that allowed us to overcome the limits rep-
resented by the classical slicing was described in 1995, as the
cold-loop hysteroscopic myomectomy [46]. This method
allowed to change the approach to the myoma, from the pro-
gressive reduction or electrical power using and its switch-
ing to a mechanical enucleation of the myoma from the
pseudocapsule, by the physiological contraction of the myo-
metrium. It represented a revolution in the hysteroscopic
treatment of submucous fibroids, since it distinguished the
anatomical planes, respected the anatomical and functional
integrity of the myometrium and of the pseudocapsule, at
the same time ensuring a safe and effective procedure. By
the cold-loop myomectomy, the fibroconnective bridges that
anchor the myoma to its pseudocapsule are mechanically
disconnected, enucleating the intramural component of the
fibroid, without any effect to the adjacent healthy myome-
trial tissue. Moreover, the cold loops are applied between the
myoma and the pseudocapsule, allowing to avoid uterine
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perforation by electrical loop and injury to abdominal or-
gans or vessels. Noteworthy, in case of perforation by cold
loops, the damage induced can be considered to be the same
as that with a Hegar dilator [8].

Finally, the respect of the myometrium allows uterine
contractions, facilitating the sliding of the intramural part
of the fibroid into the uterine cavity and at the same time
increases the free myometrial margin thickness [47]. The
uterine contraction and the respect of the myometrial mus-
cular fibers decreases the risk of bleeding and the absorp-
tion of the distension medium, enhancing the possibility
to accomplish the treatment in a single operation [48].

The respect of the pseudocapsule promotes better heal-
ing of the myometrium, avoiding scarring and reducing the
intrauterine adhesions and dramatic complications, such
as subsequent uterine rupture [5, 28, 49, 50].

CONCLUSION

The morphological and molecular investigation performed
on the fibroid pseudocapsule changed the current surgical
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Mceyaokancyna MMoma — 6MON0LLKA M XUPYPLLUKA CTPYKTYpa Kojy Tpeba nowwutosaTty

TOKOM MUOMEKTOMMje

AHppea TuHenu'?3, Pagmuna Cnapuh?®

'bonHuua,Bepuc genn nonTn’, Operbere 3a akyLepcTso 1 riHekonorujy, CkopaHo, Utanuja;
bonHnua,Buto Gaun’, Oferberbe 3a ruHeKonorujy 1 akylepctso, OAceK 3a ekcriepuMeHTaHy eHA0CKOMCKY XMPYPIujy, UMUALIMHT TEXHONOT ]y

1 MUHUMaNHO VHBa3WBHy Tepanujy, Jleye, tanuja;

3MOCKOBCKM MHCTUTYT 3a GU3MKY 1 TexHonorujy (JpxaBHi yHuBep3uTeT), OfCEK 3@ MPUMEHEHY MaTEMATUKY, MHTEPHALMOHAHM NPEHOC
MEAMLMHCKIX Ca3Hakba U UCTPaKMBatbe bronoLwknx mogena, Mocksa, Pycuja;
*KnuHunukm LenTtap Cpbuje, KnuHuka 3a ruHekonorujy 1 akywwepctso, beorpag, Cpbuja;

*YHneep3uTeT y beorpagy, MeanunHckm gakynter, beorpag, Cpbuja

CAMETAK

Mwiomm maTepuLie ce jaB/bajy KO roToBO CBake fpyre bonecHu-
Lie, Y3poKyjy 6pojHe UHTpanensuyHe Terobe 1 3axTeBajy dap-
MaKOMOLLKO VAN XMPYPLUIKO Nleyetrbe. [lyrn HU3 roanHa 3Havaj
MMOMa je nocMaTpaH Kao 6onect matepulie, 6e3 pokycmpatrba
Ha KOMMIEKCHY 6VONOTMjy MOMETPIjYMa KOjii X OKPYXKYje.
Y3 70, TPaAnLMOHaNHa XMpypPLUIKa TEXHVKA YKNatbaba M1MOMa
HWje ncTpaxmBaHa roguHama. Hacynpot Tome, y HoBuje Bpe-
Me, MOpdOJIOLLKe, HeypPOeHJOKPUNHE U aHaTOMCKe cTyauje
Cy NnoKasaJsie 3Hauaj 61MonoLLKe 1 XUpYypLIKE CTPYKType Koja
OKpY»Kyje MnoMm, borate HeypoTpaHCMUTEPKIMA U HEPBHUM
BIaKHMMa, OAHOCHO nceyaoKancyse muoma. OBa CTpyKTypa
ce bopmmpa y matepuLy nepudepHO of MYoOMa, OABaja MIOM
oA MYoMeTpujyma 1 GYyHKLIMOHNLLE Kao pereHepaTop TKMBa
nocne yknarbatba MMoMa 13 MatepuLie. lMprumeHa HayYHUX nc-

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):236-241

TpaXvBarba NceyaoKancyna y XvpypLuKkoj npakcy omoryhuna je
HacTaHaK HOBUX TEXHVKa MOMEKTOMYje, Koje mogpasymeBajy
yKnatbatbe M1MOMa YHyTap nceyfokancyne n npoMoBucate
noLITeHNX onepauuja y ofHocCy Ha nceyaokancysy. Cee 0Bo
noropyje HakHagHMM 6MONOWKUM NpoLiecMMa OXuibaBata
1 3apacTatba MaTepuLie, akTUBaLMjoM HeypoTpaHCMUTEPa 1
HepPBHUX BlakaHa MPYCYTHUX Y MOMETPWjaSTHOj JIOXKI MOMa.
[paBunHoO 3apacTtatbe Nocne yknarbatba MMOMa yCnocTaBsba
aHaToOMMjy MaTepuLie, ca MO3UTUBHMM YTULIajeM Ha KacHujy pe-
NPOAYKTUBHY GYHKLM]Y, CMakbyjyhin KoMmnnvkaluje noBesaHe
Ca OXKWUbKOM Yy MUOMETPUjyMY.

KrbyuHe peum: nceyfokancyna Myuoma; MYoMeKTOMIja; Heypo-

BaCKyNnapHa neTesbka; penpoayKTBHa Xupypruja; TpygHoha;
depTunuteT
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SUMMARY

The temporomandibular joint (TMJ) represents a biomechanically and morphologically complex structure,
tightly connected with the development and growth of mandible and craniofacial complex.
The aim of this article is to comprehensively present contemporary diagnostic modalities and clinical

implications for imaging of the TMJ.

Contemporary imaging modalities, if used properly and according to adequate clinical implications and
criteria, are able to depict different pathological processes and play a crucial role in establishing the
right diagnosis and monitoring therapeutic effect. The key to right diagnosis, however, still lies in good
knowledge of the TMJ developmental and functional anatomy, as well as the TMJ dysfunction related
to the jaws, surrounding muscles, teeth, and cranial base.

Keywords: temporomandibular joint; temporomandibular joint disorders; magnetic resonance imaging;

craniomandibular disorders

INTRODUCTION

The temporomandibular joint (TM]) repre-
sents a biomechanically and morphologically
complex structure, tightly connected with the
development and growth of mandible and cra-
niofacial complex [1]. The superior part of the
joint is formed by articular eminence (part of
the temporal bone), while the inferior part is
formed by the mandibular condyle [2, 3]. The
understanding of growth and development of
the TM]J is necessary for understanding com-
plex pathophysiological fundaments of the TMJ
dysfunction [4]. Furthermore, it is essential for
comprehensive radiological evaluation of the
joint and establishing a clinically valuable di-
agnosis based on the imaging.

One of the most common symptoms that
induce the patient to seek the treatment is pain.
Chronic pain is associated with some psycho-
logical disorders such as depression and so-
matization, which makes the evaluation and
treatment even more complicated [5]. Chronic
pain in the TM]J is considered to be the part of
central sensitization syndrome (CSS), meaning
that even subtle anatomical derangements can
lead to the chronic regional pain [6]. There is a
clinical instrument used as screening for CSS,
considered to be a useful tool in the hands of
an experienced clinician [7, 8, 9].

Imaging of the TMJ was initially performed
using methods of conventional radiography,
such as panoramic, transcranial radiography;,

and cephalometry [10, 11, 12]. Conventional
radiography is of limited use since the anatomy
the TM]J requires three-plane imaging [13].
These methods are limited, due to distortions,
superimpositions of tissues, and poor tissue
contrast. Disadvantages of these two-dimen-
sional radiologic methods opened the door
for three-dimensional imaging modalities in
the TMJ evaluation. Computed tomography
(CT) is an imaging method that provides use-
ful information about osseous morphology
of the joint, but high radiation dose and high
cost make it unfavorable for the TMJ evalua-
tion [14]. Cone-beam computed tomography
(CBCT) is a recently developed imaging modal-
ity and has already become a method of choice
for evaluation of the TM] osseous morphology
[15]. It enables obtaining submillimeter slices
in all three planes, with shorter scanning time,
lower radiation dose, and at lower cost than CT
[16]. However, soft tissue imaging remains a
problem for CBCT, making space for magnetic
resonance imaging (MRI), which is the imaging
modality of choice for assessment of disc and
soft tissue pathology [17, 18].

Imaging of the TM]J requires a dedicated pa-
tient posturing. Adequate mandible position-
ing is essential both for soft tissue and osseous
imaging. It is necessary to obtain images both
in positions of the closed jaw and fully-opened
jaw. Fully-opened jaw position is essential for
evaluating condyle position and disc status. If
the position of fully-opened jaw is suboptimally



Imaging of temporomandibular joint

Figure 1. (a) Applicator - mouth opener; (b) the position of the applicator during the opening

of the jaw in the middle position

Figure 2. The position of parasagittal images
of temporomandibular joint that follow the
axis of the mandibular body

Figure 3. Parasagittal magnetic resonance images of the temporomandibular joint in the closed jaw (a), semiopened jaw (b),
and fully opened jaw (c) positions with the use of the applicator; the translation of the mandibular condyle and the disc move-
ments can be observed in the 12 o'clock position

accomplished, spatial relationships in the TMJ cannot be
reliably examined and the proposed diagnosis is not ac-
curate [1]. However, a number of patients are not able to
remain adequately positioned during the time of scanning
(especially with MRI), so prefabricated mouth openers
(applicators) are commonly used to maintain the position
of opened jaw (Figure 1). Also, sometimes, a scan with a
splint placed between the teeth is necessary to evaluate the
effect of the splint on the position of the condyle.

Clinical implications for the imaging of the TM] are
various, covering a broad span of possible etiologies, in-
cluding developmental (hemifacial microsomia, hypopla-
sia, hyperplasia) [19], traumatic (fractures) [20], inflam-
matory (juvenile idiopathic arthritis, rheumatoid arthritis,
pigmented villonodular synovitis) [13], degenerative [21,
22], neoplastic (benign and malignant tumors) [23], or
vascular disorders [24, 25].

The aim of this article is to comprehensively present
contemporary diagnostic modalities and clinical implica-
tions for the imaging of the TMJ.

Srp Arh Celok Lek. 2020 Mar-Apr;148(3-4):242-250

IMAGING MODALITIES
Magnetic resonance imaging

MRI of the TM] is established as an internationally recog-
nized standard for the evaluation of position, shape, and
mobility of the disc and condyle, as well as for the evalua-
tion of soft tissues surrounding the joint [26]. The advan-
tage of MRI is free choice of the plane in which the images
are obtained. Classical planes used for the TM] assess-
ment are corrected sagittal oblique and coronal oblique,
through the axis of the mandibular body (Figure 2). These
planes are used in order to detect correct spatial relation-
ship between the disc and the condyle, as well as between
the condyle and the glenoid fossa. MRI offers a palette
of different sequences enabling different tissue contrasts,
necessary for detecting pathological processes of different
structures. Conventional MRI protocol of the TM]J consists
of T1-weighted (T1W), T2-weighted (T2W), and proton
density-weighted (PDW) tomograms both in opened- and
closed-jaw positions (Figure 3). TIW and PDW tomo-
grams depict anatomical relationships and morphology
of structures, while T2W tomograms depict the presence
of abnormal fluid collections and bone marrow edema.

www.srpskiarhiv.rs ‘
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Figure 4. The disc at the 12 o'clock position in the closed jaw position in the sagittal view; (a) the anterior zone (A) is below the articular
eminence, the intermediate zone (1) is between the condyle and the posterior slope of the articular eminence, and the posterior zone (P)
is above the tip of the condyle; (b) in the opened jaw position, the condyle (1) performs rotation and then translation anteriorly (2); (c) in
the coronal view, the disc is situated on the condylar head without medial or lateral dislocation

Postcontrast imaging is performed by injecting intravenous
paramagnetic contrast agent (GATPA) and obtaining T1W
tomograms, preferably suppressing the fat signals. Postcon-
trast imaging is indicated when there is clinical suspicion
of inflammatory or neoplastic disorder [3].

MRI represents a non-invasive diagnostic module that
does not imply the use of ionizing radiation and therefore
carries little or no risk for the patient’s long-term well-
being. However, the examination is time-consuming (over
30 minutes), not widely available, and expensive. Further-
more, there are absolute (cochlear implants, pacemakers,
presence of metal foreign bodies, obesity) and relative
(pregnancy, claustrophobia) contraindications for MRI
that prevent a substantial group of patients from undergo-
ing this examination. Finally, MRI is superior in evaluation
of soft tissue pathology, while the evaluation of osseous
structures and the presence of fracture is rather limited.
However, clinical implications regarding the status of bone
marrow (edema, infiltration) should be examined using
MR, since it is able to clearly and reliably depict these
pathological processes [13, 20].

Cone-beam computed tomography

CBCT is a diagnostic modality mostly used for imaging in
dentistry. Imaging protocol using CBCT includes images
axially corrected perpendicular to and along the long axis
of the mandibular condyle. These images are obtained as
three-dimensional volume format and can be reformatted
in the sagittal oblique and coronal oblique planes using
postprocessing on digital workstations. Furthermore, cur-
vilinear reconstructions along the curve of the mandible
(panoramic reformation) and three-dimensional surface
renderings in frontal and lateral views can be obtained.
This enables the visualization of the maxillofacial complex
and the evaluation of the effect of the TM] disorders on
the mandible and the teeth [15]. CBCT provides useful
information about osseous morphology of the TM] by ob-
taining submillimeter slices in all three planes. The scan-
ning time is short and radiation dose is lower than that of
helical CT, so CBCT has been established as the method

‘ DOI: https://doi.org/10.2298/SARH190515099)J

of choice for the assessment of osseous structures and the
TM] morphology [16].

Computed tomography

CT has a small role in the imaging of the TM]J. Although it
has a superior spatial resolution and short scanning time,
it implies a high radiation dose and excessive cost, so it is
not considered a standard imaging tool for evaluating the
TM]J pathology [15, 16].

CBCT and CT both represent fast-performance diag-
nostic modules that obtain high-quality images of the TM].
Nevertheless, both modalities imply ionizing radiation and
therefore should be used carefully and with clear clinical
implications and questions [16]. Finally, those imaging
modalities are superior for examining osseous pathology
and anatomical disorders, while the utility for evaluating
soft tissue processes remains limited [27].

IMAGING EVALUATION OF NORMAL ANATOMY

The examination should start from the position of the
condyle contour in relation to the glenoid fossa. Cortex
of the condyle is thinner on the curvature (above the neck)
both on posterior and anterior surfaces. In a normal con-
dyle, the posterior height of the contour is inferiorly po-
sitioned compared to the anterior one and this distance
grows with growing of the patient (until reaching the adult
size). Equator of the condyle can be observed on coronal
oblique views as the line that passes through medial and
lateral heights of the condyle contour. Loss of bone tissue
in the articular surfaces (above the equator) indicates a
degenerative or inflammatory disorder, and can be key
differential diagnosis between condylar hypoplasia and
degenerative joint disease [10, 28].

Articular surfaces of the condyle and the glenoid fossa
are not congruent. The disc is a fibrocartilaginous struc-
ture used for amortizing this incongruency. The normal
shape of the disc is biconcave, with rounded surfaces,
normally positioned between the anterior aspect of the
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condylar curvature and the posterior slope of the articular
eminence. The irregularity of the disc shape, length, or
position speaks for dysfunction of the TMJ as a structural
unit. The normal posterior zone of the disc (the thickest
part) is situated at the 12 oclock position on the sagittal
oblique view (with the anterior aspect on the left-hand
side) (Figure 4). Thin intermediate zone is positioned
above the maximum height of the condyle curvature.
The anterior zone is positioned on the superior head of
the lateral pterygoid muscle at the point of insertion in
the pterygoid fovea. In the opened jaw position, a nor-
mal condyle translates forward to the point inferior to the
eminence crest (1-3 mm anteriorly or posteriorly) but al-
ways remaining below the eminence, with enough space
for the intermediate zone of the disc between the articular
surfaces (Figure 4b) [10, 11]. CBCT is not able to depict
the disc itself, contrary to MRI. On MRI, the disc is a low-
to-intermediate signal intensity biconcave structure both
on T1W and T2W, due to high amount of fiber tissue. A
small, laminar amount of free joint fluid surrounding the
disc is considered normal [11].

The articular surface cortex should be eggshell-thin
and continuous (in children, the cortex is often invisible),
presented as high-density line on CBCT/CT. On MR, the
articular cortex is hypointense and slightly thicker (com-
pared to CBCT) due to the presence of low-signal fibro-
cartilaginous cap indistinguishable from bony cortex [27].
Thickening of the cortex is observed in degenerative joint
diseases, while the absence of continuity is observed most
commonly in fractures. Increased bone density on CBCT/
CT and T1W and T2W low signal intensity indicates bone
sclerosis, while TIW low and T2W high signal intensity
indicates the presence of excess fluid in the form of bone
marrow edema or cystic fluid collections. The presence of
calcifications can reliably be detected only by using CBCT/
CT, since MRI is not specific enough for the presence of
calcium (at least conventional MRI) [28].

TRAUMATIC CHANGES
Neonatal fractures

Neonatal fractures occur seldomly,
specifically with forceps delivery.
The fracture is located in the condy-
lar neck, with anterior dislocation of
the fragment resulting in acute man-
dibular notch with a classical pair-of-
scissors appearance. This dislocation
of the condyle results in suboptimal
pressure on the fibrocartilage of the
eminence. The articular eminence
consequently remains flat, due to the
lack of stimulating pressure from the
condyle. Mild to moderate mandibu-
lar asymmetry is always additionally
present, since the normal growth of
mandible is also compromised [29].
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Bifid condyle

Bifid condyle represents a rare condition presented with
partial division of the mandibular condyle. The etiology
is unclear, possibly due to congenital, developmental, or
traumatic reasons. The condyle shape is changed, ranging
from a heart-shaped condyle, over vertical depression of
the curvature, to the duplication of the condyle observed
on sagittal oblique views [29].

Ankylosis

Ankylosis of the TM] is most often a consequence of a
trauma (hemarthrosis) and can be both bony or fibrous.
Secondly, it can be due to inflammatory processes and
previous surgery or major infection (osteomyelitis). Bony
ankylosis presents with completely fused bony structures of
the joint, resulting in severely compromised joint function
and movement. Fibrous ankylosis is presented with low-
density joint space and irregular articular surfaces [29, 30].

IMAGING OF INFLAMMATORY CONDITIONS
Rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
order affecting various synovial joints, including the TM].
Inflammation of the capsular synovia in the TM] results
in forming granulomatous pannus that further erodes ar-
ticular fibrocartilage cap and underlying bone structures
of the joint. The process is often unilateral or bilateral with
one-side predominance. The beginning of the process is
characterized by joint effusions and synovial proliferation,
followed by osteopenia and resorption of the articular sur-
face of the bones. Anterior and posterior aspects of the
condyle flatten (sharpened-pencil appearance). MRI is a
modality of choice in depicting changes connected to RA
(Figure 5). Pannus is observed as an intermediate signal
intensity structure displacing the temporal posterior attach-
ment inferiorly and the condylar posterior attachment pos-
teriorly. Condylar height is reduced, mandible rotates and

Figure 5. The contrast enhancement of the synovial thickening (a), due to synovial proliferation,
is observed inside the articular fossa in a patient with rheumatoid arthritis (b)
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the patient presents with anterior open
bite. The advanced phase of the disease
is represented with severely limited func-
tion and movements of the TM], as well
as fibrous or bony ankylosis [31].

Juvenile idiopathic arthritis

Juvenile idiopathic arthritis (JIA) is an
autoimmune inflammatory disorder
presenting primarily in large joints,
during the childhood. Rarely it can also
affect the TM]J. The imaging modality
of choice is contrast-enhanced MRI. In-
flammation usually affects the condyle,
resulting in a flat and wide glenoid fossa.
The condyle is displaced anteriorly and
superiorly. When there is an active inflammatory process
present, the contrast enhancement is present in joint com-
partments on MRI preceding radiographically (and tomo-
graphically) visible bone destruction [32].

Pigmented villonodular synovitis

Pigmented villonodular synovitis (PVNS) is an inflamma-
tory, locally aggressive tumefactive disorder seldomly affect-
ing the TM]J. The imaging modality of choice is contrast-en-
hanced MR, since this condition has a radiologically aggres-
sive appearance with destroying of the condyle and invasion
of the middle cranial fossa. Low signal intensity on TIW
and T2W sequences with peripheral no-signal intensity is
observed in the lesion, representing pigmented portions of
the inflammatory proliferating tissue. After contrast injec-
tion, some portions of the mass may enhance mildly [33].

Cysts

Cyst of the TM] represents a very rare condition that can
be observed in two forms: ganglion cyst and synovial cyst.
Ganglion cyst is a pseudocyst, covered by fibrous tissue,
while synovial cyst is a real cyst, with synovial cysts con-
stituting the inner membrane (Figure 6). Most often it is
found in female population, 20-40 years old. The etiology
remains unclear, potentially traumatic or congenital [34].

IMAGING OF DEGENERATIVE DISORDERS

The TM] is an anatomically and functionally complex joint,
designed to withstand high multidirectional mechanical
forces. At the point when those forces exceed the biome-
chanical threshold of the disc, the derangement of disc in-
tegrity and attachments occur [35]. Disc displacement from
its normal anatomical position is a consequence of gradual
translation of the posterior zone from its normal 12 oclock
position. Disc dislocation can occur in two planes: sagittal
and transversal. Disc dislocations in the sagittal plane are
termed anterior and posterior, while in the transversal one
they can be lateral or medial [26]. Posterior dislocation is
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Figure 6. Incidental synovial cyst of the left temporomandibular joint observed in a 40-year-
old female patient

Figure 7. Perforation of the disc in the parasagittal view, proton den-
sity-weighted sequence, in the fully opened jaw position; the perfora-
tion of the intermediate zone (long arrow) is observed along with the
condyle deformation and osteophytes in the anterior part (arrow tip)

somewhat disputable, since it might also represent pseu-
dodisc due to the thickening and fibrosis of the posterior
attachment (retrodiscal fibrosis due to inappropriate load-
ing of the bilaminar zone), having the same or even lower
signal intensity as that of a disc [27, 33]. Rupture or per-
foration of the disc represents a subgroup of the posterior
dislocation, according to Westesson et al. [36] (Figure 7).
Anterior disc dislocation is present if the posterior zone of
the disc can be observed on MRI anterior to the normal 12
oclock position [37, 38]. Due to clinical implications, it is
important to assess disc mobility during jaw movements.
If the normal disc—condyle relationship is restored in the
opened jaw position, this type is called disc dislocation with
reduction (DDWR) (Figure 8); if not, it is called disc dis-
location without reduction (DDWOR) (Figure 9) [39, 40].
DDWOR may result in a locked joint, with complete restric-
tion of movement [39]. The imaging modality of choice in
establishing diagnosis of disc dislocation is native MRI in
closed and fully opened jaw positions. Osseous changes
occur consequently to soft tissue changes [41]. The mor-
phology of the condyles at the end-stage of a degenerative
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Figure 8. Disc dislocation with reduction in the closed (a) and fully opened jaw position
(b); in the fully opened jaw position, the disc is dislocated anteriorly, and in the closed jaw

position it returns to its normal position

Figure 9. Disc dislocation without reduction in the closed (a) and fully
opened jaw position (b); in the fully opened jaw position, the deformed
disc is dislocated anteriorly and it does not return to its normal position
during the closing of the jaw

process is different in children (this form of joint disorder
is called progressive or idiopathic condylar resorption) and
adults. However, the process of osseous destruction is simi-
lar. When biomechanical stress exceeds the threshold of
fibrocartilage and articular surfaces, cortical thickening and
subchondral sclerosis of the articular bone surfaces occur as
aresponse to stress distribution. With further biomechani-
cal stress, erosions of the cortical bone occur, destroying
the articular surface and reducing its volume. The condylar
height is reduced and the relationship with glenoid fossa
is disturbed. Repair process in adults consists of forming
marginal osteophytes as an attempt to increase the surface
area for load distribution. The imaging modality of choice
for depicting osseous changes is CBCT [15, 18].
According to the motion range of the condyle, the TM]
can be of normal mobility, hypermobile, or hypomobile
(Figure 10). Hypermobility of the condyle is defined as the
condyle motion of more than 120° anterior and superior
to the eminence crest [42]. This condition occurs with the
elongation of the posterior attachments, sphenomandibular
and stylomandibular ligaments, in early cases of internal
derangement of the TMJ or in Ehlers-Danlos syndrome
[43]. If the condyle returns to the anatomical position with
closed jaw, it is manifested as subluxation, but if it remains
in the pathological place, it is considered dislocation (open
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lock). Condylar restriction represents the
state where the condyle is located posteri-
orly and superiorly to the eminence crest.
DDWR usually presents with normal
motion range, while DDWOR presents
with open lock in its acute phase. With
entering the chronic phase, the normal
range of motion could be restored. Hy-
pomobility of the condyle usually appears
as the consequence of disc adhesions
secondary to trauma or disc dislocation,
or synovitis, as well as in the end-stage
phase of inflammatory conditions (such
as RA, JIA, etc.) [31, 32].
Temporomandibular disorders
(TMD) consist of several conditions re-
lated to pain and dysfunction in the TM]
and masticatory muscles. The two most common types
of TMD are TMJ-associated disorders (disc dislocations
and degenerative processes) and pain-related disorders
(myalgia, TMD-associated headache, and arthralgia). This
condition is associated with impaired general health, psy-
chological disorders, and chronic pain, representing an
important cause of reduced quality of life [44, 45, 46].

C

Figure 10. Scheme of hypomobility (a), normal mobility (b), and hy-
permobility (c) of the condyle
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IMAGING OF BENIGN NEOPLASTIC PROCESSES
Osteochondroma

Osteochondroma is a benign exophytic bony lesion with
a cartilaginous cap, arising from the side of the bone. It
can arise either from the condyle or from the coronoid
process [47]. On the imaging, it presents as a pedunculated
mass attached to the condyle, often extending from the
anterior surface of the condyle in the direction if the fibers
of the lateral pterygoid muscle. When it grows large, it is
able to displace the mandible contralaterally, resulting in
contralateral posterior crossbite and ipsilateral posterior
open bite [48].

Osteoma

Osteoma is a benign bone tumor characterized with slow
growth and proliferation of compact or cancellous bone.
Usually it originates from the non-articular surface of the
condyle, which is covered with periosteum. On imaging, it
appears as pedunculated, well-defined bone density mass
with homogenous structure and normal bone pattern. It
can also cause mandibular displacement if the dimensions
are large enough [35].

IMAGING OF MALIGNANT NEOPLASTIC PROCESSES
Chondrosarcoma

Chondrosarcoma is a malignant cartilaginous tumor lo-
cated centrally in the temporal bone or the condyle, par-
osteally or in soft tissues of the TMJ. A non-enhancing,
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CHuMare TEMHOpOMaHAMGYIIapHOI' 3rnoba - caBpemeHe KAMHU4YKe U paanonoLlKke

UMNAKKaLmje

Munuua Jepemuh-Knexesuh', JacmnuHa boban'?, lannena hyposuh-Konprisuua', Bnagummnp Kpctuh', Bnagumup Mapkosuh'3,

AnekcaHpap KHexesuh'*

'YHusep3utet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;

2MHcTUTYT 3a oHKonorujy BojsoauHe, LieHTap 3a ummynHr aujarHoctnky, Cpemcka Kamenuua, Cp6uja;
*KnuHnukn yeHTap Bojsogute, KnuHuka 3a BackynapHy 1 eHgoBackynapHy xvupyprujy, Hou Cag, Cpbuja;
“KnuHunukm LenTap BojBoanHe, KnuHuka 3a MegnumHcky pexabunutaumjy, Hosn Cag, Cpbuja

CAXETAK

TemnopomaHan6ynapHu 3rnob npeactaB/ba 6UOMexaHUYKN
1 MOPGONOLLKN CITOXKEHY CTPYKTYPY, KOja je YCKO noBe3aHa
Ca pacTom 1 pa3Bojem MaHAMOYapHOr 1 KpaHuodaLmjaaHor
Komnnekca.

Linrb oBor papa je fa ce cBeobyxBaTHO NMPUKaXKy CaBPEMEHN
OVjarHOCTUYKM MOAANUTETU U KNNHUYKE MMMNAnKaLunje anjar-
HOCTVIKe CNIMKOM TeMNOpPOMaHANGynapHor 3rioba.
CaBpeMeHU HauVHN CHUMaHa, ako Ce MPABUIHO KOPUCTE 1
npemMa afeKBaTHM KIIMHUYKUM UMNIKaUjama u Kputepujy-
MMMa, MOTY fia MPUKaKy pa3nununTe NaTonoLKe npoLece 1

DOI: https://doi.org/10.2298/SARH190515099)

Urpajy KibyuHy ynory y ycnocTaBibatby afieKBaTHe AujarHose
1 npahetba Tepanujckor edekTa, y3 afeKBaTaH KIMHUYKA NPo-
ToKoJ. Kibyu 3a mcnpaBHy gujarHosy, MehyTum, 1 fasbe Nexm y
BO6POM Mo3HaBakby GyHKLMOHAHE aHaTOMVje TEMMOPOMaHAM-
6ynapHor 3r106a, Kao 1 gucdyHKLja TeMnopomMaHanbynapHor
3rn06a Koje Cy NoBe3aHe ca MaKCUI0M, MaHAVOYIOM, OKOMHIM
mMuhma, 3y6rima 1 6a3om KpaHujyma.

KrbyuHe peun: TeMnopomaHanbynapHu 3ri1o6; 06o/berba Tem-

nopomMaHAnbynapHor 3rno6a; MarHeTHa pe3oHaHLa; KpaHu-
omaHanbynapHe guchyHKLuje
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SUMMARY

This paper deals with euthanasia and assisted suicide in people with mental health problems, based
on the fundamental principles of contemporary medical ethics. In some situations, psychiatric patients
are incapable of realizing they are ill and they need to be treated due to the compromise of cognitive
functions. It is difficult to establish the relationship of negotiation and joint decision-making with such
patients, so it is necessary that the psychiatrist takes responsibility in order to protect both their patient
and the environment from any potentially harmful activity.

Keywords: euthanasia; medical ethics; mental health

INTRODUCTION

As a result of the development of medical sci-
ences and raising awareness of human rights,
there is a series of bioethical dilemmas con-
cerning the conception and the ending of hu-
man life. One of the key questions that intrigue
the human mind is the question of legalizing
euthanasia [1].

Euthanasia has been legalized by the Neth-
erlands, Belgium, and Luxemburg, whereas in
some countries, such as Switzerland, Germany,
Canada, Japan, and the USA (Oregon, Wash-
ington, Montana, California, Vermont), assisted
suicide is allowed [2]. According to the Serbian
Criminal Code, both euthanasia and assisted
sucide represent criminal acts (Articles 117 and
119) [3].

However, when we discuss euthanasia in
people suffering from mental health problems,
we should consider the fact that psychiatry,
more than any other branch of medicine, places
emphasis on working with people who do not
feel the need to get professional help or whose
cognitive functions might be compromised to
such an extent that they are not capable of real-
izing what their real needs are [4].

THE CONCEPT AND TYPES OF
EUTHANASIA

Euthanasia is deliberate and intentional killing
of a human being by a direct action, such as a
lethal injection, or by withdrawing life support
system in order to release that human being
from painful life [5].

There are several forms of euthanasia, each
with a different set of rights and wrongs. Active

euthanasia means that a doctor directly or in-
directly causes the patient’s death. On the other
hand, passive euthanasia means the termina-
tion of a medical treatment (switching off the
machine that is keeping a person alive), or
withholding a treatment which would prolong
the dying patients life (not carrying out surgery
that will extend life for a short period of time).

Voluntary euthanasia is done according
to the patient’s will and upon their exclusive
request. Non-voluntary euthanasia involves
a situation where a person is unconscious or
otherwise unable (for example, a person of ex-
tremely low intelligence) to make a meaningful
choice between life and death, and an appropri-
ate person decides on their behalf. Involuntary
euthanasia occurs when the person who dies
chooses life but is killed anyway. This is usually
called a murder, but it is possible to imagine
cases where killing would count as being ben-
eficial for the person who dies [6].

SUICIDE AND ASSISTED SUICIDE

Suicide is a conscious and deliberate interven-
tion towards ending one’s own life. In order to
commit suicide, there has to be a suicidogenic
disposition, a natural or acquired reduction of
vital instincts or increased psychological sensi-
tivity, as well as a suicidogenic motive (i.e. the
fact that a suicide takes as the cause and the
reason for taking their own life). Suicidogenic
motives can be endogenous (e.g. somatic and
psychiatric disorders) and exogenous, which
can be affective (they originate from misun-
derstandings in love, fear of punishment, etc.),
economic (job loss, impoverishment, etc.), and
moral (embarrassment, defamation, etc.) [7].
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This entire definition is given in the monograph Suicide by
Prof. Dr. Milovan Milovanovi¢, published in 1929.

Apart from the above listed types of euthanasia, as-
sisted suicide is mentioned as a way to end a terminally
ill patient’s life. This act involves any action that doctors
consciously and deliberately do in order to help a person
commit suicide, upon that person’s explicit request [4].

KILLING AND/OR LETTING DIE

An important part of the euthanasia debate is the conflict
between active and passive euthanasia, which is reflected
in the moral distinction between killing and letting die.

Shaw [8], in her article, analyzes two arguments about
the distinction between killing and letting die. To perform
this analysis, she uses an article by James Rachels and the
reply by William Nesbitt. She states that James Rachels
describes in his essay two actors who share the same intent
(murder of a child), the same motive (greed, to inherit
money) but in a different way (the first actor does some-
thing that causes the child to die directly, and the second
does nothing to prevent death). In this way, Rachels shows
that killing and letting die are morally equivalent acts, but
only when measured isolated, without the influence of
other factors. However, euthanasia is not a decision that
can be made without examining other relevant factors that
we encounter in real life, and one of them is certainly the
intention of the physician, which the author himself sug-
gests. On the other hand, William Nesbitt states that, in
order to get closer to real situations, he makes a moral dif-
ference between “being willing to kill someone” and “being
willing to let someone die” Here Nesbitt argues that people
tend to think it is worse to be willing to kill someone rather
than to just let them die, and that it is this difference which
provides justification for the idea that passive euthanasia
is morally better than active euthanasia. But as Sarah Beth
states, if willingness to kill is equivalent to willingness to
help (in most euthanasia cases it is), Nesbit cannot use
this distinction to challenge the idea of the substance of
the benefits of active euthanasia, which was his intention
[8]. It is our opinion, that there is no significant difference
between killing and letting die, since both acts are abso-
lutely unacceptable for any medical professional, since the
consequence of both acts is death.

There is also the claim that causing death is morally
wrong only if it is unjustified and unwarranted. If a person
freely chooses death and realizes that it is a personal gain,
then fulfilling that person’s request does not imply clear
moral harm [9]. We recognize that under this assumption,
the patient’s opinion about personal gain is taken as the
only relevant and dominant factor on the basis on which
it can be justified to cause death, while the opinion, needs
and motives of the executor (physician) are also derived
from the motives and principles of the medical profession
(primum non nocere — do not harm the patient, and salus
aegroti suprema lex — patient’s health is the highest law),
completely neglected. In this case, we consider it neces-
sary to pay attention to what we consider crucial: whether
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the commission of such acts, even if the motive is well-
intentioned, is useful in the context of the purpose of the
medical profession and the physician himself, since the
benefit for the patient should not exclude the expediency
and essential role of physicians and the medical profession.

EUTHANASIA AND ASSISTED SUICIDE IN PEOPLE
SUFFERING FROM MENTAL DISORDERS

Although there are various debates on defining mental
disorders, it is generally accepted that they involve thought
disorders, behavioral disorders, and emotional disorders
serious enough to compromise people’s functioning [10].

Mental health disorders are among the leading causes
of disability in the world, as well as a major risk factor for
suicide. According to the WHO data from 2014, there are
around 800,000 people annualy who commit suicide as a
consequence of a spectrum of mental disorders [11, 12].
Therefore, early detection of people at risk of mental dis-
orders is of great importance in the prevention of mental
disorders and suicide as a significant public health problem
[11, 13].

As the first and foremost argument against euthanasia,
we state our opinion based on the fact that the desire for
suicide and suicide are expression of the reduced urge to
live, that is, a sign of human psychopathology. Therefore,
we believe that assisting a patient by a psychiatrist in the
act of suicide is a radical counter to the tasks of psychiatry
and is a violation of professional and moral responsibility.

According to another important argument, mental dis-
order is not a terminal illness or an illness which deprives
people of physical ability to take their own life if they really
want to. Under such circumstances, there is an additional
argument according to which no one has the right to in-
volve other people in taking their own life, thus putting an
ethical burden on their back [14]. This is especially true of
medical professionals who should always be a symbol of
tight for health and life, in every moment and in all cases.

However, despite clear arguments, the right to euthana-
sia in case of psychological suffering is legally regulated in
the Netherlands, Belgium, and Luxembourg and it neces-
sarily involves fulfilling essential and procedural criteria
envisaged by law.

Belgian law on euthanasia emphasizes essential prin-
ciples according to which a request for euthanasia has to
be voluntary, well considered, repeated and not a result of
external pressure. The person must be in medically hope-
less and futile condition which is the result of unbearable
physical or psychological suffering, and the disorder must
be serious and characterized by poor prognosis, without
reasonable recovery alternatives [15].

Apart from the mentioned legal regulations, it is neces-
sary to underline that there are various ethical and medical
doubts within the essential criteria primarily related to the
(in)ability of meeting these criteria in case of mentally ill
people [15].

According to many authors, psychiatry is in a less fa-
vorable position compared to other branches of medicine
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because the course of mental disorders is prone to varia-
tions in time, so not even prognoses of psychiatric treat-
ments are precise enough to make a final decision on the
curability of an illness, or a definitive prognosis. These
are exactly the arguments owing to which euthanasia and
assisted suicide are not justified in the field of psychiatry
[15, 16].

Respecting autonomy is usually considered the central
reason for giving permission to execute these acts and
within it an accent is put on the right of a person to decide
on their own how they will live their life and how they will
end it. However, when we talk about a mentally ill person,
we should always be aware of the fact that certain psychi-
atric disorders (e.g. depressive and manic episodes in the
spectrum of mood disorders) can considerably compro-
mise the decision-making capacity, so a certain number
of patients are considered incompetent [17]. In case this
capacity is preserved, and a wish to die is a symptom of
the disease, there is tension between respecting patient’s
autonomy on one side and preventing suicide and reducing
damage to life and health of the patient on the other. In the
countries where these procedures are legal, the law requires
that the patient’s wish is exclusively the result of their own
decision, without any external coercion [15]. However, it
is well-known that various social circumstances, which
worsen the psychological status and could cause suicidal
wishes and ideas in those who suffer from depression and
other mental disorders, can affect the patient’s decision.
One study, conducted in the Netherlands, showed that
more than half of the requests for euthanasia and assisted
suicide were based on social isolation and loneliness. So,
difficulties in cases of psychiatric patients do not originate
exclusively from the symptoms of their illness, but they
also reveal defective reactions of society [18].

Finally, we will provide an example of a young, mentally
ill person from Canada who appealed for euthanasia due
to unbearable psychological suffering, emphasizing that he
was not suicidal, that life was beautiful but his suffering
was unbearable. After his request was denied, the young
man committed suicide. It follows from the foregoing that
the young man denied his statement with his deed. At the
same time, he did not need the help of a physician in re-
alizing his own desire for self-destruction. Our position
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CONCLUSION

The question of euthanasia and assisted suicide in psychia-
try is very sensitive, for several reasons — a relative pos-
sibility of precise diagnostic evaluation, doctor’s evaluation
of the course and prognosis of a psychiatric disorder, and
determining the existence of competence for reasoning in
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owing to the nature of their mental disorder.
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the doctor’s role specifically involves removing or reduc-
ing existing symptoms of the disease which are the cause
of their suffering, developing alternatives, and providing
support to the patient in active removal of stressors, devel-
opment and spreading adequate functional coping styles in
relation to the circumstances which are permanent triggers
compromising his psychological health. We believe that
one of the specific roles of doctors and other medical staff
who take care of mentally ill patients involves expanding
their network of social support and reducing loneliness
which is, as we have mentioned, one of the most important
factors for the occurrence of their request for euthanasia
and assisted suicide.

In order to answer the question of applying euthanasia
and assisted suicide in the field of psychiatry, we would
like to emphasize that doctor’s basic or fundamental role, a
sacred role, is maximum commitment in providing medi-
cal help to patients who suffer from mental disorders using
all available and scientifically accepted resources. A doctor
should always mean hope and salvation, in every moment
and for each patient. The task of doctors and medicine is
to fight for life as such, for its preservation, because life
itself has unconditional value.
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BMOETUUYKM aneKTH acucTUpaHor camoybucTBa 1 eyTaHasuje Koa ocoba Koje nate o4
npobnema y Be3u ca MeHTa/HUM 34,paB/beM

bojaHa Masnosuh', laHujena Tnocasmesuh??, faHka CuHaguHoBuh?

'KnuHnukn ueHtap Cpbuje, beorpag, Cpbuja;

YHusepautet y beorpagy, Kategpa xymaHuctnukmx Hayka, beorpag, Cpbuja;

*Knunnuku yeHTap Cpbuje, KnuHuka 3a ncuxujatpujy, beorpag, Cpbuja

CAMETAK

Y oBOM pafly rOBOPMMO O eyTaHa3uju 1 aCUCTUpaHoOM CaMoy-
61CTBY KOA, MeHTanHo obonennx ocoba, ocnarbajyhin ce Ha oc-
HOBHa Hayesla caBpemMeHe MeanLMHCKe eTuke. Mcuxujatpujckm
60necHULY, Y N3BECHUM CUTYaLjama, 360r KOMNPOMUTOBaHbA
KOTHWUTUBHUX yHKLMja HUCY Y MOryhHOCTM Aa cxBaTe Aa cy
60necH 1 fja M je HEOTXOAHO Neyerbe. YNpaBo ca 0BakBM

doi:

6onecHMLMMa HUje Nako YCMoCTaBUTW OJHOC AOroBapaa 1
3ajeqHMUKOT OAJTyuMBatba, Beh je HEONXo4HO Aa NcuxmjaTap
npey3me 04roBOPHOCT Ha cebe Kako 6u 3aWwTuTO camor 60-
NecHWKa, anv 1 oKonnHy, oa Moryhe wrete.

KJ'by‘lHe peun: eyTaHaswja; MeOUNLNHCKa €TUKa; MEHTANTHO
3[paBibe
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY 4YaCOMNM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa Mpo4nuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCalby U IPUIIPEMU Paja y CKIaxy
ca cTaHfiapauMa yacomnnca. Beoma je BasxHo fa ayro-
pu npunpeMe paj npeMa JaTUM IPONO3UIjaMa, jep
YKOIMKO pyKomuc He Oyze ycKkinal)eH ¢ 0BUM 3aXTeBUMa,
Vpenuumrso he omIoKuTy MIu ox6MTH HeroBo myomm-
KoBame. PaoBu o6jaBbenn y CA ce He XOHOpapuury.
3a ywranke koju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3fgaBava yaconuca - Cprcko me-
KapcKo IPyUITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju Jo
cajia HUCY HUTTIe 00jaB/beHN, Y LIeNOCTU UM AeTIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje pagoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHI
u Behe IMTUPaHOCTY IpeTopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa Ipefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnenehe KaTeropuje pajoBa: yBOJHULN,
OPUTVHATHM PafIoBYU, IPETXOIHA U KPaTKa CaolIITeHha,
npuKasy 60eCHUKa U CTy4ajeBa, BUJe0-YIaHIIN, CTIMKe
U3 KIMHUYKe MeIMIIMHE, IPeTIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a MPAKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefIUIIVHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHAapAa y MeIVILMHY, M3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBA, TMYHY CTAaBOBY, 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-UIaHIM, CTIVMKe U3 KIIMHIIKe MeIUINHE,
Iper/IiefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HITIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyO/IMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepanmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM ¥ CPIICKOM je3MKy (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
mm, BeMIYMHY CTpaHNIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM IOPaBHAKEM U YB/IaUeHheM
cBaKor Iacyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTuTu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIiejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha emwupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuyjy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuM6omn),
kopuctutu pout Symbol. I[Tlogauy o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM O6pojeBuma y
yIIacTuM 3arpagama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, TI04eB Off HaC/IOBHE CTpaHe.

ITpy nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce mpupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepiyKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMIKMM HasMBMMa, a MMe VI MeCTO ITPON3-
Bohada Tpe6a HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNepCKPUITY
wm cynckpunry (amnp. Tc, IL-6, O,, b ,, CD8). Ykomko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayqHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y Harmomenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPeTXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIIaH Ha3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBamba, Jja /I je paj; U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTauyjyl HACTIOB VTN CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHIITY Kao MCTpaXMBama yTHUIaja jes-
HOT VTV BUIIe CPECTaBa VIM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonucy o NCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUAY IIMCAHOT
IPYCTaHKa UCIUTYBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIijoM 1 ofo6perbe HaIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE I3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAuMa. EkcriepyMenTanHa ncTpaxuparma
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIeHa Ha XIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTHUYKOT 0f60pa yCTaHo-
Be 1 Tpeba f1a Cy Y carJlaCHOCTH C TPaBHUM CTaHJapAyuMa.

M3JABA O CYKOBY MHTEPECA. VY3 pykomc ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBakoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIMje 0 Pa3IMINTUM BpCcTaMa Cykoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,ITonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KBamuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 3a IIe/IOKYTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba caMO Ha: 6MITHOM JOTIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHATU3U U TyMadery pe3ynTara;
IJIaHMParby PYKOIIVCA U/ EerOBOj KPUTUYKO]j PEBUSU)U
OJl 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIIca KOjy ce IPUIPeMa 3a ITaMIIarbe.

AyTopu Tpeba fa IIpuIoKe OIIC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCUpambe, CaKyI/balbe IoflaTaKa MIN FeHepaTHo
HaJI7Iefambe ICTPaXMBayKe IPyIle CaMI 110 ce61 He MOTy
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oIpaBfiaTy ayTopcTBO. CBU APYTU KOjU Cy OTPUHEN
u3paju paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBemeHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MCAHY IPUCTaHAK.

INTATUJAPU3AM. Ogp 1. janyapa 2019. roguHe cBU
PYKOIICHK TOfIBPTaBajy ce MpoBepy Ha IIarujapusam/
ayromnarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PagoBu ko Kojux ce okaxe Ia-
rujapusaM/ayTorarujapusam 6uhe ogbujenn, a ayropu
CaHKIIMOHVICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniyu pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IPeJIOr KPaTKOT HACTIOBA Pajia, IIyHa VIMEHa U IIpe3yMeHa
ayTopa (6e3 TUTYIa) MHAEKCHpPaHa OpojeBUMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjJIMa ayTOPU pajie, MECTO 1 P>KaBy
(pemocienoM Koju ofroBapa MHAEKCHpPaHUM OpojeBruMa
ayTopa); Ha JHY CTpaHMNIle HAaBeCTU MMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u MMejI afpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO ¥ KPaTKoO
CaoTIIITelbe, IPETIe] IMTepaType, MpyKa3s crydaja (6omec-
HIIKA), Pajl U3 UCTOPUje MEefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3suK MeAVIMHe 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 CAOIIITeme CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Ium paga, Metoze pana, Pe-
3yNnTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Hounbe 60NIOBaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUPEKTHO IIOBe3aH ca
pesynTatuma paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma uma cnepehe genose: YBox (y OCIENHOj pedeHUIIN
HaBecTy Imb), [IpyuKkas 6omecHnKa, 3aK/bydak; CerMeHTe
Takobe mucaTy Kao noce6aH macyc Koju no4nie 60m50-
BaHOM pednt. 3a ocTajie TUIIOBE PafjoBa Ca)keTaK HeMa
OCeOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/bYYHUX peun vy uspasa. He Tpeba ma ce moHa-
B/bajy pedy U3 HAC/IOBa, a KJbYUHe peur Tpeba ma 6ymy
peeBaHTHe UINU ONMCHe. Y n360py K/byIHMX pedn Ko-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLM JOKYMeHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo 1 fip>kaBy. Ha cnenehoj -
YeTBPTOj IO Pefly — CTPAHUIY JOKYMEHTA IPUIOKUTH
caxerak (100-250 peun) ¢ Kby4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjiMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IUTepaType Tpeba ga
Oyze y ByXy cprckor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LleJIOCTY Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasWBe IPHIO-
ra (tabera, rpaduKOHa, CIIMKa, CXeMa) YKOTIMKO X VIMa,
L[eJIOKYTIHM TEKCT Y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy NOffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrvHaIHY paji U IPETXOTHO
U KpaTKo caomluTee 06aBe3Ho Tpebda ga uMajy ciepehe
nopHacnose: YBox (Insb pafa HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, JIuckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype u akTyenHy TeMy
41He: YBOJI, ofiroBapajyhu nognacnosu, 3akbydax, Jn-
tepaTypa. [IppouMeHoBaHM ayTOp NpernesHor pajia Mopa
Ta HaBefle Oap meT ayToryTara (Kao ayTop MM KOayTop)
pazfoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jean
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCONMCHMA C
penensujom. IIpukas ciydaja wam 6omecHNKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecurka, [luckycuja, JIuteparypa. He Tpe6a kopucturu
uMeHa 60JIeCHIIKa, MHMIIMjajle, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO KOje ce OfIHOCK Ha iaTu mpuior. Kpajma nosuiuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a ny6-
NIMKOBambe.

CKPAREHMIE. KopuctuTu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jeiUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmuiie Beh mpemosHar/pu-
Bu (cranpapaHe ckpahenune, kao Hnp. [JHK, cuna, XVB,
ATTI). 3a cBaky ckpaheHUIy TyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaHfapHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHuIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDhemwy y TeKCTY.

HTEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM IIPUIIO-
3MMa JeluMaiHe OpojeBe MUcaTy ca TayKoM (HIp. 12.5
* 3.8), a y TEeKCTYy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenyMary.

JEOIVUHWITE MEPA. Jly>xuHy, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAVHMIIaMa (MeTap — 1,
kutorpaM (rpam) — kg (), mirap — ) Wiy BUXOBUM JIeTIO-
BuMa. Temrmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOONIKNX, KIMHWYKNX VM 6MOXeMMjCKIX
Mepera HaBOJWUTHU Y MeTPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).
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OBVIM PAJTOBA. IlenoxynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTakK, TeKCT pajia, CIMCaK JINTepa-
Type, CBY IIPUIO3Y, OHOCHO TOTIINCY 32 HUX U JIETeH/Ia
(taberne, cnuke, rpadUKOHN, CXeMe, LIPTEX), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VKYy — MOPa M3HOCUTHU
3a OPUTMHAIHY Pajfl, paji U3 VICTOPHje MeUIIHE U Tpe-
rnep mureparype 1o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITEebE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKcy, efyKaTVBHY YWIAHAK U pafl 3a pyOpUKY ,,]e3uk Me-
puiyHe“ 5o 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). ¥ mpeoM xazgpy ¢unmMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXWB 3a LIeJIOKYITHO 1eKapCTBO,
HACTIOB paJia, Ipe3VMeHa U MHUIIVja/y IMEHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTH YCHUM/bEH TEKCT paja y BUIY
arcTpakTa jo 350 peun. Y mocnenmeM Kaapy GpumMa Mory
ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexxija, CHUMATETb,
CBET/IO, TOH, QpoTorpaduja i ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MrycTpauujy npuKasa, usjaBy
MOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba Jla ce Ofpnyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (¢pororpaduje, up-
TEX, CXeMe, IpadVKOHM) 1 BULIEO-TIPUIO3NL.

Cpaka Tabena Tpeba ja Oyzme cama o ceOMu aKko pas-
ympuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Tabene ce 03HaYaBajy aparcKuM
6pojeByMa mpema pefocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kKpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TavHOT 6pOja KOTOHA
u perfoBa koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nomohy onruja Merge Cells u Split Cells -
crajaTit, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopuirhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH y JIeTeHAM UCIIOf, Tabe-
7e. YKOJIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPYUIOKNUTH
HasuBe Tabela U ereHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKaKO He IIPaBUTH [iBe
Tabere ca iBa jesukal).

Ciuke cy cBY 06/ rpadU4KmX OpUIora U Kao ,,CinKe”
y CA ce 06jaBmpyjy dotorpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce ckbydInBo
pururante pororpaduje (LpHO-6eme mmm y 60ju) peso-
nynuje HajMame 300 dpi u popmara sanca tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMIame!). YKONMMKO ayTopy He MOCeRyjy M
HICy y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTHMHAJTHE CIMKe Tpeba CKeHNPATHU Y Pe30myyju
300 dpi M y OpUTMHATHOj BETMYMHN. YKOTMKO je paj Heo-
IIXOJJHO WTyCTPOBATH Ca BUIIE CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasle he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpaunnje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH IOCEOHO CTIMKY Koja Ou OyIa MiycTpalyja BULeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOJMKO je PYKOINC Ha CPTIICKOM je3MKY, IPUIOKUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Crnuke ce y cBecy MOTY IITaAMIIATH y 60jI1, aTu HOJaTHe
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 npexonupaTi u y
Word-oB foKyMeHT, rjje ce rpaduKOHN 03HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTYy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopunthene ckpahennie Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIAHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBaty kopuinhemwe 60ja
y TpaduKOHMMA, MV VX KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOMNKO je PYKOIIUC Ha CPIICKOM je3UKY, IPUITOXUTH
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 Iofialiy Ha cXeMu KyIajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMy Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOKUTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeNN CTBapamy pajia a He CIYkaBajy MepIIa 3a ayTop-
CTBO, Kao0 LITO Cy ocobe Koje 06e36ebyjy TeXxHUUKY 1o-
Moh, moMoh y mvcamy papa M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa M MaTepyjaHa
nomoh, y 06/1MKy CIIOH30PCTBa, CTUIIEHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiy je OATOBOPHOCT ay-
TOpA, a IUTUPAHN WIAaHIM Tpeba fa OyAy mako IPUCTY-
MavHM YMTaoyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jefHCTBEHY
HIICKY KapakTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
ImpeMa pefocieny HaBohema y TekcTy. bpoj pedepeniu
He 61 Tpebarno fa O6yze Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ife UX je fosBosbeHo o 100. bpoj nurn-
PaHMX OPUTMHATHMX pafoBa Mopa 6uTu HajMame 80%
oJ1 YKyIIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerIefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-
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Kallyje ¥ WIAHIY MOTy YBPCTUTH Y pedepeHiie, ayTopu
Cy IY>KHM a uX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT rofu-
Ha. Huje 03BO/beHO IMTHpabe anicTpaKaTa. YKOIMKO je
OMTHO KOMEHTApUCATH Pesy/Tare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy aIICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedepeniie uranaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press v IPUIOKUTH JOKA3 O IPUXBaTaby pajia 3a
objaB/buBabe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopMmcaHnM 3axTeBMMa 3a PYKOIICe KOjI ce Tpe-
Iajy 6¥OMeIUIIMHCKIM YacOIMCUMa), KOjU je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeJHIMKA MEANIIMHCKUX Jaco-
nica (http://www.icmje.org), unju ¢popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX NyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujajla) MOTy ce IpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. ITpunukom HaBobemwa nurTeparype
BeoMa je BayKHO IIPUAPXKAaBaTHU ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpPa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHIX 4acOMMca.

ITPOITPATHO MM CMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje My6IMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIV ¥ OFOOPIIN CBU Ay TOPY KOjI HC-
IyHaBajy MepuIa ayTOpCTBa, M 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 HOCTaBUTH KONUje CBUX [O3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mrycrpanuja 1 ob6jaBbuBame nHpopMarmja o
HO3HATIM JbYAVMA VIV UMEHOBabe /by KOjU CY JOIIpPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, IIPETIUTATA 1 HAKHAJIA 3A OB-
PATY YTAHKA. Jla 6u pan 6uo o6jaB/beH y acomnucy
Cpiicku apxue 3a 1enoKyiHo 1eKapcitiéo, CBU ayTOPU KOju
cy nexapu wm cromatonosu u3 Cpouje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHa[y 3a oOpamy
unaHaka (Article Processing Charge) y usnocy og, 3000 nu-
Hapa. AyTOpu ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
Ia ITaTe HaKHaAy 3a obpapy wianaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiara y jefiHOj Ka/eHaap-
CKOj TofMHM 00yXBaTa M CBe HapefHe, eBeHTYaTHe YIaHKe,
HoCyIaTe Ha pasMaTparbe y Toj rogyHu. CBI ayTopy Koju
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Before submitting their paper to the Editorial Office of
the Serbian Archives of Medicine, authors should read
the Instructions for Authors, where they will find all the
necessary information on writing their manuscript in
accordance with the journal’s standards. It is essential
that authors prepare their manuscript according to
established specifications, as failure to do so will result
in paper being delayed or rejected. Serbian Archives
of Medicine provides no fee for published articles. By
submitting a paper for publishing consideration, au-
thors of a paper accepted for publication in the Serbian
Archives of Medicine grant and assign all copyrights to
the publisher - the Serbian Medical Society.

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

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

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

the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., 99Tk,
IL-6, 02, B12, CD8). If something is commonly written in
italics, such as genes (e.g. BRCAL1), it should be written in
this manner in the paper as well.

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

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

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

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

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

The authors should enclose the description of contribution
to the article of every co-author individually (within the
Submission Letter). Funding, collection of data or general
supervision of the research group alone cannot justify
authorship. All other individuals having contributed to
the preparation of the article should be mentioned in the
Acknowledgment section, with description of their contri-
bution to the paper, with their written consent.
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PLAGIARISM. Since January 1, 2019 all manuscripts have
been submitted via SCIndeks Assistant to Cross Check
(software iThenticate) for plagiarism and auto-plagiarism
control. The manuscripts with approved plagiarism/auto-
plagiarism will be rejected and authors will not be welcome
to publish in Serbian Achieves of Medicine.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

SCHEMES (SKETCHES). Schemes and sketches are to be
submitted in jpg or tiff format. Schemes should be drawn in
CorelDraw or Adobe Illustrator (programs for drawing vectors,
curves, etc.). The text in the schemes should be typed in Times
New Roman, font size 10 pt. Abbreviations used in schemes
should be explained in the legend below the respective scheme.
If the manuscript is entirely in the Serbian language, schemes
and corresponding legend should be both in Serbian and
English.
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the criteria of authorship, such as individuals providing
technical assistance, assistance in writing the paper or run-
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REFERENCES. The reference list is the responsibility of
the authors. Cited articles should be readily accessible to
the journals readership. Therefore, following each refer-
ence, its DOI number and PMID number (if the article
is indexed for MEDLINE/PubMed) should be typed.
References should be numbered in Arabic numerals in order
of citation in the text. The overall number of references should
not exceed 30, except in review articles, where maximum
of 50 is acceptable, and in meta-analysis, where up to 100
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references are allowed. The number of citations of original
articles must be at least 80% of the total number of references,
and the number of citations of books, chapters and literature
reviews less than 20%. If monographs and articles written by
Serbian authors could be included in the reference list, the
authors are obliged to cite them. The majority of the cited
articles should not be older than five years. Use of abstracts
as references is not allowed. If it is important to comment
on results published solely in the form of an abstract, it is
necessary to do so within the text of the article. The references
of articles accepted for publication should be designated as
in press with the enclosed proof of approval for publication.

The references are cited according to the Vancouver style
(Uniformed Requirements for Manuscripts Submitted to
Biomedical Journals), rules and formats established by
the International Committee of Medical Journal Editors
(http://www.icmje.org), used by the U.S. National Library of
Medicine and scientific publications databases. Examples
of citing publications (journal articles, books and other
monographs, electronic, unpublished and other published
material) can be found on the web site http://www.nlm.nih.
gov/bsd/uniform_requirements.html. In citation of references,
the defined standards should be strictly followed, because
it is one of the essential factors of indexing for classification
of scientific journals.

SUBMISSION LETTER. The manuscript must be ac-
companied by the Submission Letter, which is signed by
all authors and includes the following: 1) statement that
the paper has never been published and concurrently
submitted for publication to any other journal; 2) state-
ment that the manuscript has been read and approved by
all authors who have met the criteria of authorship; and 3)
contact information of all authors of the article (address,
email, telephone number, etc.). Blank Submission Letter
form can be downloaded from the journals web site (http://
srpskiarhiv.rs/global/pdf/Submissionletterform FINAL.pdf).

Additionally, the authors should submit the following copies
of all permits for: reproduction of formerly published mate-
rial, use of illustrations and publication of information on
known people or disclosure of the names of people having
contributed to the work.

MEMBERSHIP FEE AND SUBSCRIPTION RATES.
In order to publish their article in the Serbian Archives of
Medicine, all authors and co-authors, medical doctors and
doctors of dental medicine, must be members of the Serbian
Medical Society (according to the Article #6 of the Statute
of the SMYS) for the year in which the manuscript is being
submitted. All authors pay an “Article Processing Charge”
for the coverage of all editing and publishing expenses.
Domestic authors pay 3,000 RSD, and those from abroad
€35. The editing and publishing fee is required for substan-
tive editing, fact and reference validations, copy editing,
and publishing online and in print. An author who had
already paid the fee can have more articles submitted for
publishing consideration in the year the fee was paid. All

authors who pay this fee may;, if they desire so, receive the
printed version of the journal in the year when the fee is
paid. Please note that the payment of this charge does not
guarantee acceptance of the manuscript for publication and
does not influence the outcome of the review procedure,
in accordance with good publishing practice. The journal
accepts donations from sponsors to create a sum for pay-
ment reductions or waivers for authors unable to cover the
Article Processing Charge (a justification of the inability
to pay should be provided in such cases).

The requirement for paying the Article Processing Charge
does not apply to students or to journal subscribers. Insti-
tutions (legal entities) cannot by their subscription cover
this condition on behalf of the authors (natural persons).
Copies of deposit slips for membership and Article Pro-
cessing Charge should be enclosed with the manuscript.
Foreign authors are under no obligation to be members of
the Serbian Medical Society. All the relevant information
can be obtained via email address of the Editorial Office
(office@srpskiarhiv.rs) and on the journal’s web site (http://
srpskiarhiv.rs/en/subscription/).

SUBMISSION. Our online submission system will guide
you through the process of entering your article details
and uploading your files. All correspondence, including
notification of Editorial Office, requests for revision and
Editor’s decision will be sent by e-mail.

Please submit your manuscript and all enclosures via:
http://www.srpskiarhiv.rs.
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