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1874,

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,
MIPETTIIATHMKA YaCOTIVCA ¥ 4IAHOBA IPYTUX APYIITaBa MEUIMHCKIX ¥ CPOTHIX
crpyka. O6jaBibyjy ce: yBOJHMIIN, OPUTMHAIHY PajioOBY, IPETXOHA U KpaTkKa ca-
OINIITEH:A, IIPUKa3y 6O/IECHNKA U CTy4ajeBa, BUJIe0-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

the Journal of the Serbian Medical Society founded in 1872, and with first

issue published in 1874. Serbian Archives of Medicine publishes articles of
the Serbian Medical Society members, subscribers, as well as members of other
associations of medical and related fields. The journal publishes the following
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The authors shall not be remunerated for the published articles, and they
are required to assign copyright of their papers to the publisher. Manuscripts
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SUMMARY

Introduction/Objective of this study is to use scanning electron microscopy (SEM) analysis to examine
surfaces of new and same sets of Ni-Ti instruments after canal preparations, to check their suspectability
to corrosion.

Methods In this study, we used five different endodontic Ni-Ti instruments: K3, Mtwo, ProTaper Univer-
sal, HyFlex and BioRaCe. Instruments were analyzed before and after preparation of canals of different
curvature, using SEM (150-2000 x).

Results Corrosion of the working part was observed in 5.5% of new Ni-Ti instruments of the K3 system
(apical and middle segment), in 5.5% of Mtwo instruments (apical third), and in 11.1% of ProTaper Uni-
versal systems (apical and middle third). Corrosion was not observed on the new instruments of the
HyFlex and BioRaCe kits. After instrumentation, disinfection, and sterilization, corrosion was observed
in all sets of K3 and ProTaper Universal systems and in all HyFlex instruments of the first group. Corro-
sion was observed in the HyFlex system in the second group in 16.7% of instruments (apical and middle
third) and in the third 83.3% in the apical and 66.7% in the middle segment. In the Mtwo set, corrosion
was observed in 16.7% of instruments in the first (apical and middle third), in the second group in 33.3%
of instruments in the apical part and 50% in the middle third, while in the third group, corrosion was
observed in 16.7% of instruments in the middle third of instruments.

Conclusion Rotary Ni-Ti instruments K3 and ProTaper Universal are susceptible to corrosion in a very
high percentage. Ni-Ti systems with post-heat treatment of the working part (HyFlex) are somewhat
more resistant to corrosion, while in Ni-Ti systems with electropolished surface (BioRaCe), corrosion is
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INTRODUCTION

During the last decades, machine instrumenta-
tion of root canals with the use of rotary Ni-Ti
instruments has become a standard clinical
procedure and this Ni-Ti instruments, have
enabled easier and faster instrumentation with
a predictable outcome [1, 2]. The fact is that
various factors during mechanical instrumen-
tation of the canal can affect the occurrence
of deformations and unexpected fractures of
Ni-Ti instruments (anatomomorphological
characteristics of the canal, inadequate choice
of endodontic instruments and preparation
techniques, means and techniques of irrigation,
knowledge, expertise and experience), which
significantly frustrates many practitioners and
limits the use of these instruments in certain
clinical indications [3]. One of the factors that
can affect the efficiency and safety of their ap-
plication is the occurrence of corrosion on the
working part of Ni-Ti rotary instruments [4].
Analyzing the surface of new, unused Ni-
Ti instruments, many studies have shown
that on the surface of their working part there

are numerous defects (pitting, fretting, metal
strips...) [5, 6, 7]. The reason for this is the
significantly more complex process of making
rotating Ni-Ti instruments than the making
of steel instruments, which often leads to ir-
regularities on the surface of new Ni-T1i instru-
ments [6, 7]. These changes represent centers
with dislocation of the crystal structure that
can compromise the cutting efficiency of the
instruments and become sites for potential cor-
rosion. Also, these points represent the sites of
initiation of defects and may contribute to the
degradation of mechanical properties and the
appearance of micro or complete fractures dur-
ing the clinical use of Ni-Ti instruments [8].
The presence of numerous defects on the work-
ing part of the instruments as a consequence of
the production process often leads to corrosive
effects on the used instruments.

Corrosion, as an oxidative reaction, leads
to the release of electrons from metals, their
movement towards the surface and the forma-
tion of molecular hydrogen [4]. It has been
confirmed that the occurrence of corrosion
can affect the reduced blade efficiency of rotary
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Ni-Ti instruments, as well as the possible propagation of
other defects [2].

Although it has been proven that there are several
types of corrosion (uniform, galvanic, cracked, pitted,
intergranular, selective corrosion, corrosion in the form
of erosion and grooves, corrosion caused by material
stress), pitting corrosion is the type of corrosion most
common on Ni-Ti alloy surface [4]. The big problem with
this form of corrosion is that the defects are difficult to
detect, until the moment of exposure to aggressive ions
(mainly chlorides) which further propagate this defect.
In the mechanism of this type of corrosion the main role
is played by the microstructure of the material and envi-
ronmental conditions, such as Ph chloride concentration
and temperature [4].

The appearance of corrosion on Ni-Ti instruments
can be caused by the use of different irrigants during
instrumentation, specific conditions of the oral environ-
ment (body temperature, saliva with salts and electrolytes,
blood) as well as multiple cycles of chemical disinfection
and sterilization [9]. The most commonly used irrigant,
sodium hypochlorite (NaOCI), is highly corrosive to Ni-Ti
alloy, ranging in concentrations 1.2-5.25% [2, 10]. Namely,
NaOCl selectively removes nickel from the surface of the
instrument, and thus leads to the formation of micro-
cracks, which negatively affect the physical and mechani-
cal properties of rotary Ni-Ti instruments [2].

Although many studies have been conducted in the last
two decades regarding the effect of NaOCl on Ni-Ti instru-
ments, using microscopy and electrochemical analysis,
quantitative data on corrosion of Ni-Ti rotary instruments
are still scarce [2].

The aim of this research was to analyze the surfaces of
new (unused) and the same sets of rotary Ni-Ti instru-
ments after the preparation of the canals, ie to check their
susceptibility to corrosion.

METHODS

The study included five sets of new rotary Ni-Ti in-
struments of different design: K3 (SybronEndo Co,
Orange, CA, USA), Mtwo (VDW, Munich, Germany),
ProTaperUniversal (Dentsply Maillefer, Ballaigues,

Table 1. Basic characteristics of tested sets of rotary Ni-Ti instruments

Switzerland), HyFlex (Coltene Whaledent group,
Altstétten, Switzerland) and BioRaCe (FKG DENTAIRE
Swiss Dental Products, Le Crét-du-Locle, Switzerland)
(Table 1).

The research was performed in vitro conditions, on per-
manent, multi-rooted teeth, extracted for various reasons
after obtaining the consent of the Ethics Committee of
the School of Dentistry, University of Belgrade number
36/6 from January 21, 2013. After extraction, the teeth
were stored for two hours in 4% sodium hypochlorite so-
lution, and until the beginning of the preparation, they
were stored in physiological solution with 0.2% thymol.
With the help of a high-speed elbow with water spray and
a tungsten-carbide cylindrical drill with a rounded tip
E0153/012 (Dentsply/Maillefer), the existing fillings and
carjously changed tissues were removed, and a round drill
with an extended handle E0123/014 (Dentsply) has done
trepanation of the coronary chamber. With the diamond
disk, the crown of the tooth was shortened to the level of
2 mm coronally from the enamel-cement border.

The final treatment of the walls of the access cavity and
the coronal chamber was completed with a carbide coni-
cal drill with a passive tip Endo Z (Dentsply/Maillefer).
Probing and assessment of the initial patency of the chan-
nel was determined by K-files of ISO 15 size (MicroMega,
Besancon, France) and the working length was determined
to be 1 mm shorter than the length obtained by the appear-
ance of the instrument at the top. An X-ray was performed
on each canal and then the degree of bending for each
canal was determined using an online protractor (https://
www.ginifab.com/feeds/angle_measurementy/).

The degree of canal curvature was determined by
Schneider’s radiographic technique [10] and based on that,
the teeth were divided into three categories:

a) 50 straight canals — less than 10°

b) 50 slightly bent canals - from 10° to 25°

c) 50 strongly bent canals — over 25°.

To mimic in vivo conditions, the apex was sealed with
pink wax to simulate apical counter-pressure and prevent
irrigation from leaking during instrumentation.

In order to achieve uniform experimental conditions,
each instrument was used in ten canals or until the mo-
ment of its fracture (one set from all five examined threads
of the system was applied for processing of 10 canals in

Instrument manufacturer | Design specifics Diameter Taper The process production
K3 SybronEndo triple blades with, positive angle and asymmetric radial 55 0.12-0.02 m|crom|!||ng o
surfaces conventional Ni-Ti
0.04 micromillin
Mtwo VDW S-shape with two active cutting surface angle 10-35 0.05 rng
0.06 conventional Ni-Ti
ProTaperUniversal convex triangle variable progressive taper along the 17-30 regressive | micromilling
Dentsplay-Sirona instrument taper conventional Ni-Ti
0.04 micromillin
HyFlex CM Coltene double Hedstrom design with positive rake angle 20-40 0.06 - 9
0.08 CM-wire
0.04 micromilling
BioRaCe FKG tr|ar)gular with alterations of the cutting edges along 15-40 0.05 conventional Ni-Ti
the instrument 0.06 -
008 electropolished surface
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Table 2. Presence of the signs of corrosion on new rotary Ni-Ti instruments

K3 Mtwo ProTaper Universal HyFlex BioRaCe
Apical third | Middle third | Apical third | Middle third | Apical third | Middle third | Apical third | Middle third | Apical third | Middle third
(5.5%) (5.5%) (5.5%) 0 (11.1%) (11.1%) 0 0 0 0

each experimental group). The instrumentation of the
canal was realized in accordance with the manufacturer’s
instructions, crown-down technique and application of
X-Smart Endodontic Rotary Motor (Dentsply, Sirona,
Maillefer, Ballaigues Salzburg, Austria).

As irrigants, after each instrument, in the amount of
5 cm?, 2% NaOClI solution (Chloraxid 2%, Cerkamed,
Stalowa Wola, Poland) and then distilled water (Iva, Serbia)
were used. Irrigants were applied using a plastic syringe and
an endodontic irrigation needle with a closed tip and side
openings (Side-vented needle, SmearClear, SybronEndo).
Ethylenediamine tetra-acetic acid gel (Glyde-Dentsply,
Maillefer, Switzerland) was used as a lubricant during the
preparation, applied to the working part of the instruments.
During the processing of the canal, each used instrument
was carefully inspected with a magnifying glass, in order to
detect any change (possible cracks, fractures, unscrewing
of twist or other deformations).

The experimental protocol included:

1. Scanning electron microscopy (SEM) analysis, new
unused instruments directly from the factory packag-
ing, the apical and middle thirds of the instrument
from two different directions were analyzed and three
SE images were made for each surface of the instru-
ment

2. preoperative preparation, cleaning in an ultrasonic
bath using a mild disinfectant Orocid Multisept plus
(Oro Clean Chemie AG, Fehraltorf, Switzerland) for
15 minutes

3. Instrumentation according to the proposed proto-
col with abundant irrigation (2% NaOCI solution,
Distilled water, and EDTA)

4. Cleaning in an ultrasonic bath after use with a mild
disinfectant (Orocid Multisept plus) for 15 minutes

5. Sterilization of used instruments performed in an
autoclave (MELAG Medizintechnik GmbH & Co.

KG - Vacuklav 23B +, Berlin, Germany) at 134°C
for five minutes.
6. SEM analysis of used instruments
For defect analysis, the following was inspected:
« 540 recordings of new instruments and 700 recordings
of instruments after canal preparation
o Reconciliation of the results of the two researchers was
performed by Cohen’s kappa analysis

Statistical analysis

Statistical analysis the obtained data was performed using
the Fisher test.

RESULTS

The results of the SEM analysis are shown in Tables 2 and
3 and Figures 1-6.

Corrosion of the working part of new Ni-Ti instruments
was not observed in HyFlex and BioRaCe instruments,
while in other Ni-Ti systems it was observed in a small
percentage (Table 2).

In new Ni-Ti instruments, corrosion was observed in
5.5% of K3 system instruments (apical and middle seg-
ment), in 5.5% of Mtwo instruments (apical third) (Figure
1) and in 11.1% of ProTaper Universal system instruments
(apical and middle third). Corrosion was not observed on
the new sets of HyFlex and BioRaCe instruments (Table 2).

SEM analysis of Ni-Ti instruments after their use, clean-
ing and sterilization indicated the occurrence of corrosion
in 62.8% of the analyzed instruments. After chemo-me-
chanical instrumentation, disinfection and sterilization,
the presence of corrosion was not registered on the Ni-Ti
instruments of the BioRaCe system. The presence of cor-
rosion was observed on all analyzed Ni-Ti instruments

x170 100um

Figure 1. Spin echo image of the new Mtwo instrument (10/0.4): A - surface of the middle third on which the pres-
ence of corrosion is observed (170 x); B — detail from the previous image at higher magnification (600 x)
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Table 3. The presence of corrosion on the sets Ni-Ti instruments after
instrumentation, disinfection and sterilization

Ni-Ti instruments | group Il group Ill group
K3 100% | 100% | 100% | 100% | 100% | 100%
Mtwo 16.7% | 16.7% | 33.3% | 50% 0 16.7%
ProTaper Universal | 100% | 100% | 100% | 100% | 100% | 100%
HyFlex 100% | 100% | 6.7% | 16.7% | 83.3% | 66.7%
BioRaCe 0 0 0 0 0 0
100%
80%
60%
40%
20%
0%

MTWO  PROTAPER  HYFLEX BIORACE

C

Figure 2. Prevalence of corrosion on Ni-Ti instruments after instrumen-
tation of disinfection and sterilization in the canals of the first group;
letters (a or b) indicate no statistically differences (p > 0.05)

120%
100%
80%
60%
40%
20%
. ]
MTWO b PROTAPER a HYFLEX a BIORACE b
m Apical third = Middlethird

Figure 3. Corrosion prevalence on Ni-Ti instruments after instrumenta-
tion, disinfection and sterilization in the channels of the second group;
letters (a or b) indicate no statistically differences (p > 0.05)

Figure 4. Spin echo image K3 instrument (25-0.08), second experi-
mental group (corrosion on the apical third) (45 x)

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):254-260
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Figure 5. Prevalence of corrosion by Ni-Ti instruments after instru-
mentation, disinfection and sterilization of third group; letters (a or
b) indicate no statistically differences (p > 0.05)

|
»
.« -
X

SEI 500pm

Figure 6. Spin echo image BioRaCe instrument no. 4 without incor-
rection and corrosion (30 x)

(100%) K3 and ProTaper Universal system (apical and
middle third), in all three experimental groups (Table 3).

In the first group, corrosion was observed on all instru-
ments K3, ProTaper Universal and HyFlex systems (api-
cal and middle third), and in Mtwo systems on 16.7% of
instruments (apical and middle third). Corrosion was not
observed in BioRaCe instruments. A statistically signifi-
cant difference was observed between the K3, ProTaper
Universal and HyFlex systems compared to the Mtwo and
BioRaCe systems of the first experimental group (p < 0.05)
(Table 3, Figure 2).

In the second experimental group, corrosion was ob-
served on all analyzed Ni-Ti instruments K3 (Figure 3)
and ProTaper Universal system (apical and middle third),
in HyFlex set on 16.7% of instruments (apical and middle
third), and in Mtwo set instruments, to 33.3% of instru-
ments in the apical segment and 50% in the middle third.
No corrosion was observed on BioRaCe instruments.
A statistically significant difference was observed between
K3 and ProTaper Universal systems compared to Mtwo,
HyFlex and BioRaCe system (p < 0.05) (Table 3, Figure 4).

In the third experimental group, corrosion was ob-
served on all analyzed Ni-Ti instruments K3 and ProTaper
Universal system (apical and middle third), in 83.3% of
HyFlex set instruments in the apical and 66.7% in the

www.srpskiarhiv.rs ‘
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middle segment (Figure 5). In the Mtwo set, corrosion
was observed only in the middle third in 16.7% of the
instruments. A statistically significant difference in the oc-
currence of corrosion was observed between K3, ProTaper
Universal and HyFlex systems in relation to Mtwo and
BioRaCe system (p < 0.05) (Table 3, Figure 6).

Comparing the results of SEM analysis, it was found
that corrosion is the only defect that shows a statistically
significant difference between new and used instruments.
This difference was found between new and used K3 and
ProTaper Universal instruments in all groups, and between
new and used HyFlex instruments in the first and third
groups (p < 0.05).

DISCUSSION

The results of this study indicate a low prevalence of corro-
sion on K3, ProTaper Universal and Mtwo sets, as well as
the absence of corrosion on HyFlex and BioRaCe system
instruments. This result is in accordance with the state-
ments indicating the biocompatibility and good corrosion
resistance of Ni-Ti alloy [2, 11, 12].

Corrosion resistance of Ni-Ti alloy is based on the pres-
ence of a passive oxide film of titanium oxide on the sur-
face which prevents the development of uniform corrosion.
However, beneath this thin layer of titanium oxide (which
also contains small amounts of nickel) is a nickel-rich sub-
layer that is responsible for corrosion [11]. It is believed
that this surface oxide film of titanium oxide increases the
stability of the surface layers of the alloy, protects against
corrosion and ensures the stability of the material itself
[13]. According to the results of research by Stokes and as-
sociates who examined the corrosive effect of new, unused
Ni-Ti instruments from five different manufacturers, it was
confirmed that the occurrence of corrosion on new instru-
ments is influenced by the instrument production process,
ie the quality of control of the manufacturing process [14].

The finding of a significantly higher percentage of cor-
rosion of Ni-Ti rotating instruments after instrumentation,
disinfection and sterilization is in line with the results of
studies confirming that corrosion processes and mecha-
nisms can be activated during chemo-mechanical treat-
ment of channels and application of various organolytic
and mineralolytic substances (CHX, citric acid, etc.) which
with their chemical and electrochemical potential can act
on the surface structure of instruments [15]. It was found
that changes in the surface of the working part of Ni-Ti
instruments can occur as a result of chemo-mechanical
treatment of instruments after instrumentation (cleaning,
chemical disinfection or sterilization) [2, 9, 11].

The current results of studies on the impact of steriliza-
tion on the occurrence of corrosion are contradictory and
there is no clear position on this issue. Multiple steriliza-
tion cycles can cause corrosive changes on the surface of
Ni-Ti files due to changes in the surface layer of titanium
oxide [16, 17]. However, it has also been observed that after
sterilization, resistance to cyclic fatigue and torsional stress
increases in certain types of Ni-Ti instruments because

‘ DOI: https://doi.org/10.2298/SARH210321035)J

Jovanovi¢-Medojevi¢ M. et al.

the sterilization process acts as a form of heat treatment
[18]. Manufacturers recommend the mandatory use of gel
lubricants during machine instrumentation, either directly
on the active part of the Ni-Ti instrument or by application
to the pulp chamber [9]. The most commonly used chelat-
ing, mineralolytic agent is ethylenediaminetetraacetic acid
(EDTA, 15-17%), which according to the literature has no
effect on the surface structure of Ni-Ti instruments [19,
20]. In the study of Fajad and Mahran, after immersing
the instruments in a 17% solution of EDTA, there was
no change in their surface structure [19]. According to
research by Reinhard et al. [20], EDTA protects and passiv-
ates the surface of Ni-Ti instruments by forming complexes
with metal ions (at pH values less than four), thus creating
an inhibitory barrier to oxidation and corrosion.

Experimental evidence does not support the use of these
gels, as they not only do not reduce the friction between
the instrument and the dentinal canal, but in some cases
even increase it [13]. Aqueous solutions (or even distilled
water) are much more useful, as they wash the dentinal de-
tritus from the grooves of the instruments more efficiently
[9, 13]. The use of NaOCl solution during instrumentation
is standard because in addition to acting on bacteria and
dissolving tissue debris, it is also very effective as a lubri-
cant. NaOCl was confirmed to be highly corrosive to Ni-Ti
alloy (in the concentration range 1.2% to 5.25%). A lower
NaOCI concentration (1%) does not lead to corrosion and
does not affect torsional and cyclic resistance after a cumu-
lative exposure of 2.5 hours, while a longer exposure of 18
hours indicates clear signs of corrosion [21, 22].

The problem that arises during the disinfection process
and the long-term complete immersion of the instruments
in the sodium hypochlorite solution, arises due to the met-
allurgical characteristics of the instruments. The handle of
the instrument is usually made of different metal in rela-
tion to the working part, so the presence of two metals in
the solution can affect the release of ions and the creation
of galvanic reactions that can accelerate corrosion [21]. It
was confirmed that Ni-Ti alloy corrodes in NaOCl solution
with high pH values (pH 12.3) due to galvanization (due
to gilding on the handle). It is believed that the corrosion
resistance of Ni-Ti alloy can be increased by lowering the
pH value of the solution to about 10, because then passive
oxides, TiO, and NiO, are formed [23].

The occurrence of corrosion on Ni-Ti instruments in
this study could be explained by the fact that the appli-
cation of various chemical procedures before or during
instrumentation (disinfection, sterilization and irrigation)
can cause corrosion or deepening of existing corrosive
defects [22, 23]. Although the surface of rotating Ni-Ti
instruments is usually covered with a protective film of
titanium oxide, this layer can be easily disturbed and dam-
aged during instrumentation and contact of the instrument
with the root canal wall [23, 24, 25].

O’Hoy et al. [22] showed strong corrosion after immer-
sion of instruments in NaOCI solution and Yokoyama et
al. [26] pointed to corrosion as the main reason for the
occurrence of Ni-Ti instrument fracture due to stress due
to cyclic fatigue. Berutti et al. [27] pointed to a significant
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effect of 5% NaOCI solution (within five minutes) on the
appearance of pits and cracks on the surface of Ni-Ti
instruments and Peters et al. [28] proved a decrease in
resistance to cyclic fatigue of Race and ProFile instru-
ments after their exposure to NaOCI. The reason for such
contradictory results is probably a consequence of dif-
ferent methodological procedures (different immersion
times of instruments, different concentration of solution,
different exposure during irrigation, cleaning and disin-
fection) [21-28].

The results of the study by Darabara et al. [29] indicated
that continuous irrigation with 2.5% NaOCl solution does
not lead to corrosion of stainless-steel instruments and Ni-
Ti instruments, but that mechanical rather than corrosive
factors are responsible for the fracture.

The results of studies by Shahi et al. [30] indicated
the resistance of Mtwo instruments to NaOCI solution.
Immersion of Ni-Ti instruments in 2.5% NaOCl solution
for 12-48 hours did not indicate significant changes in the
working part of the instruments, which is in accordance
with the findings of this study [30].

The BioRaCe system of Ni-Ti rotating instruments is
subjected to an electropolishing procedure during final
processing, which reduces the possibility of surface irreg-
ularities and increases resistance to corrosion and cyclic
fatigue, which is also in accordance with the results of this
study [2, 9]. Shahi et al. [30] hypothesized that corrosion
occurs due to manufacturing defects on the surface of
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instruments that amplify the effect of cyclic fatigue and
change the fracture mechanism due to cyclic fatigue into
a corrosive fracture [30].

Improving corrosion resistance, manufacturers are
trying to achieve by additional surface treatment of the
working part by electropolishing, heat treatment, imple-
mentation, physical deposition or coating of various ele-
ments 2, 9].

CONCLUSION

The results of this study showed that the rotary Ni-Ti in-
struments of the K3 and Pro aper Universal systems are
subject to corrosion in a very high percentage. Ni-T1i heat-
treated systems are somewhat more resistant (HyFlex),
while corrosion is not observed in instruments with elec-
tropolished surface (BioRaCe).
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YTuuaj HaTpujym-xmnoxaopuTa Ha nojasy Koposuje potupajyhux Ni-Ti uHcTpymeHaTa

- CEM aHanuza

Munwuua JoBaHoBuh-Megojesuh', JeneHa Hewwkosuh', MapujaHa Monoswuh-bajuh', hophe Crpatummposuh?,

CnaBomy6 KukoBuh'

'YHuBep3utet y beorpagy, CromatonoLuku dpakyntet, KnuHika 3a 6onect 3yba n engofoHuujy, beorpag, Cpbuja;
YHusep3utet y beorpapy, Cromatonowku dakynteTt, UHctutyTckn npeamet, beorpag, Cpbuja

CAMETAK

YBoa/Llwmb Linrb nctpaxvearba je 610 fja ce NprMeHOM CKEHM-
pajyhe enektpoHcke Mukpockonuje (CEM) aHanu3vpajy nosp-
LUMHE HEKOPULLAEHNX Y UCTUX CETOBA HUKA-TUTaHUJMCKUX (Ni-Ti)
poTupajyhnx nHCTpymMeHaTa HakoH Npenapatuje KaHana, of-
HOCHO Aia Ce MPOBePU HUX0Ba NOASIOKHOCT 3a NojaBy KOpo3uje.
Metopa Y nctpaxmBarbe je yKibyuYeHo neT pasanymTux ceTo-
Ba MalLMHCKNX eHpofoHTcKux Ni-Ti uHcTpymeHata: K3, Mtwo,
ProTaper Universal, HyFlex n BioRaCe. IHCTpymeHTM Cy aHanu3u-
paHu npe ynoTpebe 1 HAaKOH NpenapaLuje KaHana pasnuuute
nosujeHocTy, nomohy CEM-a (150-2000 x). CBaKM CeT MHCTPY-
MeHaTa je kopuwwheH 3a o6pagy 10 KaHana y Tpu ekcneprmeH-
TanHe rpyne (npasu, 61aro 1 N3pasnTo NOBUjeHN KaHanu).
PesyntaTtu Kopo3suja pagHor fena youeHa je kog 5,5% HoBux
Ni-Ti vHcTpymeHaTa cuctema K3 (anuKkanHu 1 cpeftby CerMeHT),
Kop 5,5% Mtwo nHcTpymeHTa (anukanHa TpehuHa) n kog 11,1%
cvctema ProTaper Universal (anvkanHa n cpeptba TpehuHa). Ko-
po3uja Huje youeHa Ha HOBUM MHCTPyMeHTUMa HyFlex 1 BioRaCe
ceToBa. HakoH MHCTpymeHTauuje, aesnHdeKLje u ctepunu-
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3auuje Kopo3uja je npumeheHa Koa CBUX ceToBa cuctema K3
un ProTaper Universal n kop cBux HyFlex nHcTpymeHaTa npee
rpyne. Kopo3uja je youeHa kog HyFlex cuctema y gpyroj rpynm
Kop 16,7% nHcTpymeHaTa (anukanHa n cpefha TpehnHa), a y
Tpehoj rpynu kop 83,3% MHCTPyMeHaTa y anvkanHom 1 66,7%
y cpearem cermeHTy. Kog Mtwo ceta Kopo3uja je youeHa Ko
16,7% VWHCTpyMeHaTa y NPBOj rpynu (@anukanHa u cpefma
TpehuHa), y apyroj rpynu koa 33,3% MHCTpyMeHaTa y anvikan-
Hom peny 1 50% y cpefh0j TpehnHy, AoK je y Tpehoj rpynu
Kopo3wuja npumeheHa Kog 16,7% MHCTPyMeHaTa y CpefAH0j
TpehnHU NHCTPYyMeHaTa.

3aksmyuak Potupajyhu Ni-Ti uHctpymeHTu K3 n ProTaper
Universal nopnoxHu cy Kopo3wujyi y BeoMa BUCOKOM MPOLIEHTY.
Ni-Ti cuctemy ca HakHagHOM TEPMIYKOM 0OPafioM paiHoOT Aena
(HyFlex) HewwuTo cy oTNOpPHMj1 Ha Kopo3wjy, Aok kog Ni-Ti cuc-
TeMa Ca eNeKTPonoapaHoM noBpLUHOM (BioRaCe) Kopu3snja
Huje youeHa.

KmyuHe peun: kopo3suja; potupajyhiv Ni-Ti IHCTpyMeHTU; cKe-
Hupajyha enekTpoHcka Mukpockonuja (CEM)
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SUMMARY

Introduction/Objective The class [l malocclusion results in disbalanced facial harmony, primarily notice-
able in the profile and the lower facial third. Aside from skeletal evaluation, orthodontic diagnosis and
treatment planning should include facial soft tissue analysis. The aim of the study was to identify the
soft tissue profile outcomes of orthodontic treatment of class Il, division 1 malocclusion patients and to
determine if these changes are related to different treatment protocols.

Methods The first group was the non-extraction group (25 patients) initially treated with the Herbst appli-
ance, and the second group was four premolars extraction group (25 patients) treated with a multibracket
appliance. The patients’ cephalograms and pre- and post-treatment profile photographs were used.
Results The improvement in the non-extraction group was evident in the decrease of the nasomental
angle, the angle representing the projection of the upper lip to the chin, as well as the upper lip angle.
In the extraction group, the nasolabial angle showed a significant increase. Soft tissue variables showed
significant differences between the groups: the total facial angle or facial convexity including the nose
and the angle presenting the projection of the upper lip to the chin.

Conclusion The patients treated without extractions showed a significant improvement of the convex

profile and favorable soft tissue changes in the lower third of the face.
Keywords: facial esthetics; class Il malocclusion; facial convexity; profile changes; soft tissue profile

INTRODUCTION

The improvement of facial features is the
patient’s main aspiration when starting an
orthodontic treatment, and thus of primary
importance for clinicians. An attractive facial
appearance affects social acceptance and psy-
chological well-being, which has a profound
effect on a person’s self-esteem and social
adjustment ability [1]. Soft tissue of the face,
together with the underlying dentoskeletal tis-
sues, determines the facial features of a person
[2]. Orthodontists, maxillofacial, and plastic
surgeons are expected to achieve not only func-
tional, but also esthetic goals for their patients,
both equally important [3].

Patients with class II, division 1 malocclu-
sion have undesirable facial esthetics caused by
increased overjet and convex profile. Previous
studies showed that the convex profile is one
of the least desirable features of the face [4].
Patients with class II, division 1 malocclusion
are unsatisfied with their smile and facial look,
especially in their teenage years, since they are
often being perceived by peers as unattractive
[5]. As self-esteem is strongly influenced by
facial appearance, solving this problem is of
primary importance in achieving esthetic treat-
ment goals. Therefore, improvement of facial
appearance in teenage patients could improve
their quality of life through their most vulner-
able years [4, 5].

Orthodontists should comprehensively
understand the importance of developing an
individualized treatment plan, adjusted to the
patient’s specific dental and skeletal problems,
needs, and desires. Class II, division 1 maloc-
clusion can be treated with functional or fixed
functional appliances combined with the mul-
tibracket appliance, with or without extractions.
Small skeletal discrepancies may only need mul-
tibracket appliance treatment for the correction
of existing malocclusion and teeth alignment
[6]. On the other hand, more severe skeletal
discrepancies may require an orthognathic
surgical treatment to modify the position and
length of skeletal structures, to obtain better es-
thetic results [7]. Despite the numerous studies
conducted on the consequences of extractions,
it is still a question of debate among orthodon-
tists. Some investigators reported flattening of
the soft tissue profile after extraction treatment,
while others claim no such effect [8-11].

Although cephalometric analysis is one of
the most common parts of diagnosis and treat-
ment planning among orthodontists, the valid-
ity of cephalometric measurements has been
questioned [3]. Several authors proposed lateral
photographs for the esthetic facial profile evalu-
ation [12, 13, 14].

This study, therefore, aimed to identify the
soft tissue profile outcomes of the orthodontic
treatment of class II, division 1 malocclusion.
A further aim was to determine if soft tissue
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Figure 1. Non-extraction case; superimposition of the cephalometric drawing to the patient’s profile: a) before treatment, b) after
treatment, c) superimposition of the cephalometric drawings before (brown) and after (gray) treatment with visible changes of

the soft tissue profile

Figure 2. Extraction case; superimposition of the cephalometric drawings to the patient’s profile: a) before treatment, b) after
treatment, c) superimposition of the cephalometric drawings before (brown) and after (gray) treatment with visible changes of

the soft tissue profile

profile changes are connected with different treatment
protocols. The hypothesis underlying this investigation is
that orthodontic treatment of class II, division 1 maloc-
clusion changes the soft tissue profile, and moreover, that
those changes depend on different treatment protocols.

METHODS

The sample for this study consisted of 50 Caucasian pa-
tients (22 males; 28 females), with a mean age of 15.8 + 1.4
years, treated at the Clinic for Orthodontics between 2014
and 2018. This retrospective study was approved by the
Ethics Committee of the University (Protocol number
46/15) and informed consent was obtained from the pa-
tients’ parents/guardians. All subjects were selected ac-
cording to the following inclusion criteria (pretreatment):
full permanent dentition (excluded third molars), class
II molar occlusion, division 1 (with characteristic convex
profile, deep mentolabial sulcus, retruded chin, and re-
verted lower lip), overjet of more than 7 mm, moderate
irregularity of anterior crowding according to the Little’s
Irregularity Index [15], and post-pubertal stage of skel-
etal maturity (CS6) [16]. Exclusion criteria encompassed
patients with a systemic disease, craniofacial anomalies,
patients with vertical growth pattern, impacted teeth, and

‘ DOI: https://doi.org/10.2298/SARH210913048M

poorly visible cephalograms. After successful orthodontic
treatment, all the patients achieved class I occlusion, and
received a vacuum-formed retainer on the same day the
appliance was removed.

The subjects were divided into two study groups.

1. The first group consisted of 25 patients treated with
the combined two-phase therapy. The first phase in-
cluded the cast splint Herbst appliance type I for an
average period of seven months. Afterwards, each
patient underwent a standardized non-extractive
treatment protocol. The treatment duration was on
average 20 months. The skeletal and dentoalveolar
changes in this group of patients are visible with su-
perimposition in Figure 1.

2. The second group consisted of 25 patients treated
with four premolars extractive treatment proto-
col, followed by class II intermaxillary elastic. The
treatment duration was on average 19 months. The
skeletal and dentoalveolar changes in this group of
patients are visible with superimposition in Figure 2.

The patients’ pre-treatment and post-treatment profile

photographs were used [4]. The right-side profile photo-
graphs were taken in the standing position, in central oc-
clusion. The subjects’ Frankfort horizontal plane was kept
as parallel to the floor as possible during the taking of the
photographs. Before every recording, the operator ensured
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N-Prn/N-Pg
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Figure 3. Soft tissue profile landmarks and angular parameters

that the subject’s forehead, neck, and ear were clearly vis-
ible [6]. The photographs were then printed, and the soft
tissue landmarks were identified. The landmarks used in
this investigation were the following: glabella (G), nasion
(N), nasal dorsum (Nd), pronasale (Prn), columella (Cm),
subnasale (Sn), labiale superior (Ls), labiale inferior (Li),
supramentale (Sm), pogonion (Pg) [10]. Afterwards, the
angular parameters were determined on each photo and
used in evaluating soft tissue profile changes. The pho-
togrammetric analysis was based on comparing changes
in parameter values before and after the treatment, re-
gardless of the average values for these parameters. These
measurements are illustrated in Figure 3. Table 1 provides
the definition of angular measurements used in the study.
The whole sample was measured by one researcher (JM),
repeated once again after two months. Also, all measure-
ments were performed by the second researcher (NN).
This was done to evaluate intra- and inter-observer reli-
ability. Radiographic analyses rely on skeletal and dental
measurement, whereas soft tissue facial measurements are
less emphasized. Therefore, for providing a complete over-
view of changes during and after orthodontic treatment,
photogrammetric analysis has been used.

Table 1. Definitions of angular measurements

Angular measurement | Definition

N-Prn-Pg (°) Nasomental angle

N-Prn-Cm (°) Nose tip angle

Cm-Sn-Ls (°) Nasolabial angle

Li-Sm-Pg (°) Mentolabial angle

G-N-Nd (°) Nasofrontal angle

N-Prm-Pg (° T;);ﬁjgfﬁéalr?g%l:s:r facial convexity
G-Sn-Pg (°) Eiziihai:gltehzr:gsgele of facial convexity
N-Pg-Ls (°) Projection of the upper lip to chin
Sn-Ls-Pg (°) Upper lip angle

N-Pg-Li (°) Projection of the lower lip to chin

Statistical analysis

The collected data were subjected to statistical analysis us-
ing SPSS Statistics for Windows, Version 17.0 (SPSS Inc.,
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Chicago, IL, USA). The Kolmogorov-Smirnov test was
applied to test whether the data distribution fits the prob-
ability density function, also known as Gaussian function
or the bell curve. Subsequently, had the test not rejected
the assumed normal distribution, the parametric tests
would have been used. Paired-sample t-test was used for
intragroup comparisons. For testing the differences in all
parameter values between groups, the two-sample t-test
was used. In all analyses, the significance level was set at
0.05. The Kolmogorov-Smirnov test showed normality of
distribution of the obtained data in both groups. In order
to evaluate intra- and inter-observer reliability, intra-class
correlation coefficient (ICC) was calculated.

RESULTS

Intra- and inter-observer agreement was found to be
excellent (ICC = 0.983 for intra-observer, ICC = 0.974
inter-observer agreement). Angular measurements in the
first group treated with the Herbst appliance and without
extractions are demonstrated in Table 2. Several statisti-
cally significant profile changes could be observed. The
nasomental angle (N-Prn-Pg) decreased significantly
(x=-1= 1.0; p = 0.02); furthermore, the angle represent-
ing projection of the upper lip to the chin (N-Pg-Ls)
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Table 2. Descriptive statistics of the soft tissue profile variables in Herbst/

non-extraction group

Herbst/non-extraction treatment protocol

Before After Difference p-value
Variable Mean + SD Mean + SD Mean + SD change

over time

N-Prn-Pg 35.93+2.69 3493 +£2.81 -1£1.01 0.02*
N-Prn—-Cm | 80.37 +5.61 7893 £6.1 -1.44 +£0.19 0.41
Cm-Sn-Ls | 107+6.64 | 108.33+9.88 | 1.33+2.81 0.01*
Li-Sm-Pg | 107.06 + 15.65| 119.74 +20.16 | 12.68 + 12.57 0.02*
G-N-Nd 141.54+7.38 | 14043 +£6.84 | -1.11£0.19 0.08
N-Prn-Pg 121.8 £3.91 12417 +£73 2.37 £0.95 0.18
G-Sn-Pg 159.56 £5.55 | 163.41+£7.07 | 3.85+4.43 0.05
N-Pg-Ls 10.46 + 1.46 835+2.54 | -2.11+2.04 0.01*
Sn-Ls-Pg | 21.33+5.17 | 1639+577 | -494+10.1 0.01*
N-Pg-Li 415+233 6.59£10.75 244+£13 0.29

*Statistically significant differences at p < 0.05
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Table 3. Descriptive statistics of the soft tissue profile variables in the
extraction group

Extraction treatment protocol

Before After Difference | p-value
Variable Mean + SD Mean =SD | Mean +SD change

over time

N-Prn-Pg | 35.68 +3.01 36.3+294 | 0.62+3.73 0.21
N-Prn-Cm | 78.62+6.5 79.92+797 | 1.3+344 0.56
Cm-Sn-Ls | 103.26 +7.39 | 107.22+£10.16 | 3.96 £ 4.43 0.03*
Li-Sm-Pg | 112.18+24.18119.92+15.86 | 7.74 + 2.89 033
G-N-Nd 138.04+6.79 | 136.28+9.18 | -1.76 + 2.04 0.29
N-Prn-Pg | 123.96+6.2 | 12476 £758 | 0.8+2.1 0.29
G-Sn-Pg 162.88+6.45 | 163.3+£3.92 | 042+ 1.61 0.52
N-Pg-Ls 9.94 +3.32 8.96+1.88 |-0.98+1.01 0.07
Sn-Ls-Pg 20.24 + 4.65 18.38+3.46 |-1.86+1.72 0.06
N-Pg-Li 4.62+1.71 536+2.07 | 0.74+1.47 0.08

*Statistically significant differences at p < 0.05

showed a significant decrease (X =-2.11 £ 2.04; p = 0.01).
The upper lip angle showed a significantly large decrease
(x=-4.94 £ 10.1; p = 0.01) over time in the non-extraction
group of patients. On the other hand, the nasolabial angle
(Cm-Sn-Ls) increased significantly in this group of pa-
tients (X = +1.33 £ 2.81; p = 0.01). Moreover, the mentola-
bial angle (Li-Sm-Pg) showed a significantly large increase
(X =+12.68 + 12.57; p = 0.02).

Changes in soft tissue profile variables in the extrac-
tion group of patients are presented in Table 3. This group
showed a greater significant increase in nasolabial angle
(Cm-Sn-Ls) (X = +3.96 + 4.43; p = 0.03). However, no
significant differences were detected in other soft tissue
variables.

Table 4 describes intergroup comparisons of the soft tis-
sue variables. Only two soft tissue variables showed signifi-
cant differences between two groups: total facial angle or
facial convexity including the nose (N-Prn-Pg) increased
significantly (X = -2.09 + 1.1; p = 0.04). As for the angle
presenting projection of the upper lip to chin (N-Pg-Ls),
its value showed a significant decrease (X = +0.65 * 3.73;
p =0.01).

Table 4. Descriptive statistics of the soft tissue profile variables com-
paring both treatment groups

Herbst/non-extraction versus extraction treatment protocol
Before After Difference | p-value
Variable AMean +SD | AMean =SD | Mean £ SD change
over time
N-Prn-Pg | -1.04+3.08 | 1.04+2.25 | 2.08+2.92 0.33
N-Prn-Cm | -1.08 +5.89 123+43 | 231+281 0.71
Cm-Sn-Ls | -3.52+7.04 | -1.45+8.26 | 2.07 +3.71 0.34
Li-Sm-Pg |-8.39+17.35|-11.95+21.54| -3.56 +7.32 0.61
G-N-Nd 0.96+6.69 | 1.34+4.45 | 0.38+1.46 0.51
N-Prn-Pg | -0.52+5.18 | -2.61+5.84 | -209+ 1.1 0.04*
G-Sn-Pg | -0.78+5.69 | -3.89+4.61 |-3.11+2.29 0.05
N-Pg-Ls 146 +2.2 211+225 | 065+3.73 0.01*
Sn-Ls-Pg 1.78+4.77 509+5 331+0.24 0.11
N-Pg-Li -0.72+1.14 | -2.66 £10.39 | -1.94+2.04 0.15

*Statistically significant differences at p < 0.05

DOI: https://doi.org/10.2298/SARH210913048M
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DISCUSSION

The success of orthodontic treatment is closely related
to facial appearance improvement. A balanced soft
tissue profile is an important factor to achieve during
orthodontic treatment [2]. This type of malocclusion is
frequently reported as the irregularity that alters facial
proportions, symmetry, and balance. Thus, correction
of facial features will lead not only to facial profile cor-
rection, but also to long-term psychosocial well-being of
patients [5]. Orthodontic treatment modifies the posi-
tion, length, and relation between skeletal and dentoal-
veolar structures, and subsequently, facial expressions
and esthetics are modified and enhanced (these effects
are shown in Figures 1 and 2). Facial harmony can often
be described as dependent on morphological relations,
and proportions between three facial structures — nose,
lips, and chin [17]. The facial profile consists of five
facial prominences - the forehead, nose, lips, chin, and
submental-cervical region.

The nasomental angle (N-Prn-Pg), or nasal promi-
nence angle, is in the 20-30° range in class I patients [18],
whereas the value is increased in class II patients. In this
study, the nasomental angle showed a statistically signifi-
cant decrease in the non-extraction group of patients, al-
though it was not clinically relevant (-1°). This favorable
outcome could have occurred as a result of anterior move-
ment of the soft tissue point pogonion (Pg). This move-
ment promoted positive changes on the soft tissue profile
and was reported also by do Rego et al. [19].

Significant improvements in facial profile were recorded
in the first group of patients (treated with the Herbst ap-
pliance without extractions). In particular, the nasolabial
(Cm-Sn-Ls) and mentolabial (Li-Sm-Pg) angles showed
significant increase after the treatment. The nasolabial
angle (Cm-Sn-Ls) can be changed with both orthodon-
tic and surgical treatment. It plays an important role in a
facial profile appearance, and in some cases, it can be used
as a guideline for the extraction decision. According to a
study by Bergman [20], regardless of the type of treatment
needed for the patients (whether it is surgical or orthodon-
tic correction), this angle should be 102 + 8°. After orth-
odontic treatment, this angle increased significantly, since
the upper lip moved backwards and downwards, and its
prominence has been decreased, mostly due to retrusion
of the upper incisors. The nasolabial angle also showed a
significant increase in the second group of patients, treated
with premolar extractions. The increase of this angle was
also reported by Iared et al. [21], who confirmed that a
backward movement of the upper lip occurred because
of orthodontic treatment with extraction of premolars.

The mentolabial angle (Li-Sm-Pg) also showed great
varijability. A more pronounced mentolabial angle can be
seen in class II and vertical maxillary deficiency cases. In
both groups of patients, this angle has been increased after
the treatment, as a result of achieving a balanced dentoal-
veolar relation, due to upper incisors retrusion [22].

Significant improvements in facial profile concerning
the chin and the upper lip balance were recorded in the
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Soft tissue profile changes during treatment of patients with class Il malocclusion

first group of patients. In particular, the angle determining
the projection of the upper lip to the chin (N-Pg-Ls), as
well as the upper lip angle (Sn-Ls-Pg), showed a signifi-
cant reduction. This result is related to a less pronounced
upper lip. The value of these angles showed a statistical
significance in the non-extraction group, given the fact that
point Pg moved forward, while point Ls moved backward,
which is an expected result of treatment with the Herbst
appliance [23]. Moreover, this is also a result of decreasing
of the upper lip prominence, as a consequence of upper in-
cisors retrusion, in a ratio of 1:3. Many authors confirmed
the relation between the upper lip position and the upper
incisors retrusion, in the ratio of 1:3 [24, 25]. Furthermore,
esthetical modification depends on the upper and lower
incisors position, as well as on the change of the position
and development of the lower jaw [26].

The angle N-Pg-Ls showed a statistically significant
difference comparing the two groups of patients. The
lower lip is the adjacent esthetic subunit to the chin, and
its features play an important role in determining facial
esthetics in the lower third of the face [27]. As such, the
prominence of the lower lip may influence the perception
of chin prominence and thus the overall management plan
in terms of camouflage vs. orthognathic surgery and ex-
traction vs. non-extraction decisions [21, 28, 29].

Therefore, a change in the lower lip position and con-
sequent change in the lip/chin relation influences facial
esthetics, as these entities determine the profile type. As
mentioned, the facial profile in patients with this type of
malocclusion is altered and considered unattractive before
treatment. As a result of improvement of these proportions
and of the profile, the esthetic perception is changed from
unattractive to attractive, which is one of the main reasons
why patients seek orthodontic treatment [30].

The profile angles are used to assess convexity or con-
cavity of the facial profile. The angle of facial convexity ex-
cluding the nose or facial angle (G-Sn-Pg) is supposed to
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CONCLUSION

Photogrammetric analysis is a simple and valid method
to assess orthodontic treatment effects on the soft tissue
profile. This study confirms previous reports on the im-
provement of the convex profile, and favorable soft tissue
changes at the lower third of the face, after the orthodontic
treatment of class II, division 1 malocclusions. Patients
treated with the Herbst appliance without extractions pre-
sented better results in facial profile parameters than the
group of patients treated with premolar extractions. This
result is important for orthodontists treating patients with
this type of malocclusion, as facial esthetics improvement
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achieving patients’ satisfaction.
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JoBaHa MunyTtuHoBuh', 3opaHa CtameHkoBuh', KceHuja 3enuh? Hemarba MapuHkosuh', HeHag Heperbkouh!

'YHuBep3utet y beorpapy, Cromatonoluku dakynteT, KnuHnka 3a optonegujy Bununua, beorpag, Cpbuja;
2YHnusepautet y beorpagy, MeanunHcki Gakyntet, AHaTOMCKI UHCTUTYT, JlTabopaTopuja 3a aHTpononorujy, beorpag, Cpbuja

CAMETAK

Yeoa/Lum Manoknysuje |l knace foBoge [0 HapyLuaBatba Xap-
MOHUje N1La 1 MoropLIaHor urneaa npoduna v gowe Tpehu-
He nuua. OpTOAOHTCKa AMjarHo3a 1 NiaH Tepanuje Tpeba aa
YKIbyue 1 aHanu3y MEKOTKMBHOT npoduna.

Linb paga je 6uo pa ce oppene NpoMeHe MeKMX TKrBa npodua
nauujeHata ca manokinysujom Il Knace, 1. ogerbetba, Kao v a ce
YTBPAW Aa M OBe NPOMEHE 3aBlCe Of HauMHa neyera.
Mertoge MpBa rpyna o 25 6onecHriKa feyeHa je XepbctoBum
anapatom 6e3 Bahera 3y6a. [ipyra rpyna o 25 6onecHuka ne-
yeHa je GUKCHMM anapaTom ca Baherem yeTnpy npemonapa.
Mepema cy BpLieHa Ha NPOGUNHIM CHAMUMMA rnaBe v o-
Torpadujama npe v nocne Tepanuje.
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Pesyntatu [obosbluaH je n3rneg Mekux TKMBa npoduna npse
rpyne 60necH1Ka y BUAY CMakbetba Ha30MEHTAJHOT Yr1a, Kao
1 YrnoBa KOju roBope O NONI0Xajy roptbe ycHe. Y Apyroj rpynu
naumjeHaTa 3HavajHo je nosehaH Ha3zonabwujanHu yrao. Cra-
TUCTUYKM 3HaYajHa pa3nuka nopeherem obe rpyne 6onecHnKa
HaheHa je 3a yrao KoHBeKcuTeTa NnLa yKibydyjyhn Hoc 1 yrao
ropte ycHe.

3aksbyyuak Pasnivka y u3rnegy MEKOTKMBHOF npoduna nocToja-
na je y rpynuv naumjeHata neyeHux 6e3 saherba 3yba y Buay
CMarbeHba KOHBeKCMTeTa Npodina 1 MpoMeHa y Ioroj TpehunHm
nmua.

KrbyuHe peun: ecteTuka nvua; manoknysuja Il Knace; KOHBeKc-
HO NVILIE; MEKOTKMBHW Npodun
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SUMMARY

Introduction/Objective Somatosensory evoked potentials are a neurophysiological tool for testing the
effects of drugs in humans and animals.

The aim of this study was to estimate the way that bromazepam and ibuprofen had on tooth pulp-evoked
potentials (TPEPs) after non-painful stimuli, as well as to detect possible differences in this activity.
Methods Sixty young healthy subjects were included in the study. They were arranged into three groups:
ibuprofen, bromazepam, and placebo. To record TPEPs response, dental pulp were electrically stimulated
through intact enamel with non-painful stimuli. For stimulation and registration we used Xltek Protektor
32 system, software EPWorks, version 5.0 (Natus Medical Incorporated, Oakville, ON, Canada). The experi-
ment consisted of two testing sessions. Five recordings were performed in each session. The first test
session was before, and the second was 45 minutes after administration of a single dose of the ibuprofen
(400 mg), bromazepam (1.5 mg) or placebo.

Results The results of the present study exhibit that both ibuprofen and bromazepam significantly in-
creased all the latencies; ibuprofen decreased amplitudes of all the waves except the first one (p < 0.05),
and bromazepam decreased amplitudes of all the waves except the first one (p < 0.05); placebo did not
modified TPEPs waves (p > 0.05). Additionally, there were no significant differences in influence on TPEPs
between bromazepam and ibuprofen (p > 0.05).

Conclusion Our study showed that both bromazepam and ibuprofen had the same influence on TPEPs
after non-painful stimuli. That indicates that anxiolytic dose of bromazepam affects neurotransmission

in the same manner as non-opioid analgesics ibuprofen.
Keywords: somatosensory evoked potentials; non-painful stimulus; analgesic; anxiolytic

INTRODUCTION

Somatosensory evoked potentials (SEPs) rep-
resent electrical activity changes of the nervous
system caused by a somatosensory stimulus.
Their waves reflect neural activations along so-
matosensory pathway with different sensory
information processing at subcortical and cor-
tical levels. Contrary to spontaneous electrical
activity, evoked response occurs at a specific
time after stimulation in a particular corti-
cal region. Although electroencephalography
equipment is used to record evoked potentials,
only signals from electrodes placed above the
region of interest are observed [1]. Therefore,
the region of interest for tooth pulp-evoked po-
tentials (TPEPs) is vertex because TPEPs show
a bilateral symmetrical scalp distribution with
a maximum at the vertex [2].

Since the middle of the previous century,
SEPs have been the standard assessment tool for
nociception, as well for testing and quantifying
the effects of analgesics in humans and animals
[3-6]. Various studies have shown specific ef-
fects on SEPs characteristics in an experimen-
tal pain model after analgesic application [2, 3,
6, 7]. Furthermore, it has also been observed
that SEPs were useful neurophysiological tool

for assessing the emotional aspects of pain.
Examining the effect of sedatives on pain-re-
lated SEP components, it was revealed that they
also change SEPs characteristics by modifying
emotional responses to pain [8-11].

It is widely accepted that ibuprofen, a non-
steroidal anti-inflammatory drug, in contrast to
opioid analgesics, does not show sedative non-
specific side effects [12, 13, 14], as well as that
bromazepam, acting via gamma aminobutyric
acid (GABA) type A receptors, reduces anxi-
ety and consequently reduces the emotional
response to pain, but provide no analgesia [15,
16, 17]. However, recent studies suggest that
GABA agonists show anti-nociceptive effects,
too [13, 18, 19, 20].

So far known to us, no studies have com-
pared the effect of both anxiolytic and analgesic
drugs on TPEPs in humans. Therefore, the aim
of this study was to analyze the influence of bro-
mazepam and ibuprofen on TPEPs in healthy
subjects. Since SEPs are objective method for
assessing neurotransmission, we also included
a placebo in the study, assuming it would not
cause change of TPEPs. Considering that emo-
tional and cognitive aspect of pain could affect
perception and consequently SEPs [10, 21], we
decided to use non-painful stimulus.
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METHODS
Ethical approvals

The study was conducted at the Clinic for Oral and
Maxillofacial Surgery at the Institute of Faculty of
Stomatology, Pancevo, between October 2018 and March
2019. The study was approved by the Ethics Committee of
the Institute (1240/1-20-2015) and was in accordance with
the Principle of Good Clinical Practice and the Declaration
of Helsinki [22]. All subjects gave their written informed
consent after a full explanation of the study, focusing on
the purpose of the study and the precise procedures.

Subjects

Sixty young healthy male and female participants were
included in the study. They were randomly arranged into
three equal groups of 20 subjects each. The first group re-
ceived ibuprofen, the second group received bromazepam,
and the third group received placebo.

Regardless of using any drug, exclusion criteria were
avital central incisors of the upper jaw, as well as fillings
and prosthetics on the same teeth. In addition, exclusion
criteria were oral mucosal changes, and fractures, trauma or
surgery in the maxillofacial region. All subjects were exam-
ined under the same conditions, between 8 a.m. and 2 p.m.

Drugs

Ibuprofen (Brufen®, Galenika AD, Belgrade, Serbia),
film coated tablet 400 mg, was used as an analgesic.
Bromazepam (Bromazepam HF°®, Hemofarm AD, Vr$ac,
Serbia), tablet 1.5 mg, was used as an anxiolytic. As placebo
was used Betavitevit Folna 400 (folic acid, 400 pg, and vita-
min B12, 3 pg, Esensa d.o.o., Belgrade, Serbia), tablet. All
tablets were in same bottles. Subjects were told they were
receiving one of the investigated tablets.

Evoked potentials registration and analysis

Before starting the TPEPs registration, stimulus inten-
sity for dental pulp stimulation was determined for each
subject based on two criteria: subjective experience of the
stimulus intensity and sufficient intensity to evoke charac-
teristic SEPs curve. The stimulus intensity was rated by a
5-level ordinal category scale (1 - no sensation, 2 - barely
perceptible, 3 - tingling, 4 — mild pain, 5 - moderate pain).
The stimulation of central maxillary incisor began with
an intensity of 0.2 mA and increased by 0.2 mA until the
subject reported a tingling sensation, level 3 on the scale.
The average pulse intensity for dental pulp stimulation
was 1 mA.

The cortical somatosensory-evoked responses were
recorded from vertex, with reference to inion, after pulp
of central maxillary incisor were electrically stimulated
through intact enamel (for more information of stimula-
tion parameters and the recording technique see our pre-
vious study [23]).
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The experiment consisted of two testing sessions; five
recordings were performed in each session. The first was
before, and the second test session was 45 minutes after
the single dose of the drug administered.

Obtained average recordings were numerically, graphi-
cally and statistically processed. The peak latency and the
peak amplitude of all components were measured. Values
of latencies and amplitudes after drug administration
were compared with the same values before drugs, as well
as with previously standardized values of latencies and
amplitudes. Finally, SEP records after administration of
ibuprofen, bromazepam and placebo were compared with
each other.

Statistical analysis

Data were statistically analyzed with SAS (The SAS System
for Windows, release 9.3. Cary, NC, USA) [24]. To de-
termine statistical significance, we used the Wilcoxon
signed rank sum test and the Kruskal-Wallis test. Values of
p < 0.05 were considered significant. Results are expressed
as mean =+ the standard error of the mean.

RESULTS

TPEPs were successfully recorded in 56 subjects (31 male
and 25 female participants mean age 22.5 + 0.7). Four sub-
jects from the bromazepam group were rejected because
the records after drug administration were illegible.

At the beginning of the research, in a pilot study, we
have standardized values of latencies (LN1 55 ms, LP1
100 ms, LN2 145 ms, LP2 195 ms) and amplitudes (AN1
7.5uV, AP1 8.0 uV, AN2 9.5 uV, AP2 8.5 uV), which repre-
sented the control group. In this pilot study, no significant
differences in TPEPs between the sexes were found (data
not shown).

The effect of ibuprofen on tooth pulp-evoked
potentials

The results obtained 45 minutes after ibuprofen adminis-
tration showed significantly longer all latencies compared
to the same group pre-drug and to the control group
(p < 0.05). Furthermore, the amplitudes of the first three
waves were significantly decreased post-drug versus pre-
drug and control group (p < 0.05). The detailed data are
shown in Figure 1 and Table 1.

The effect of bromazepam on tooth pulp-evoked
potentials

All latencies 45 minutes after bromazepam administra-
tion were significantly longer compared to the same group
pre-drug and to the control group (p < 0.05). Additionally,
the amplitudes of the last three waves were significantly
decreased post-drug versus pre-drug and control group
(p < 0.05). The detailed data are shown in Figure 2 and
Table 2.
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Figure 1. Influence of ibuprofen on tooth pulp-evoked potentials

A) Original waveforms recording from vertex after toot pulp stimulaton
before and after ibuprofen administration; B) the pattern of the mean
values of evoked potentials before and after ibuprofen administration
and control group; all latences were significantly longer (p < 0.05)
after ibuprofen compared to the same group pre-drug and control
group; the amplitudes of the first three waves significantly decreased
(p < 0.05) after ibuprofen compared to the same group pre-drug and
control group

Table 1. Comparison of tooth pulp- tooth pulp-evoked potentials pa-
rameters before and after ibuprofen administration and control group

Figure 2. Influence of bromazepam on tooth pulp-evoked potentials

A) Original waveforms recording from vertex after toot pulp stimulaton
before and after bromazepam administration; B) the pattern of the
mean values of evoked potentials before and after ibuprofen admin-
istration and control group; all latences were significantly longer (p <
0.05) after bromazepam compared to the same group pre-drug and
control group. The amplitudes of the last three waves significantly
decreased (p < 0.05) after bromazepam compared to the same group
pre-drug and control group

Table 2. Comparison of tooth pulp-evoked potentials parameters be-
fore and after bromazepam administration and control group

Evoked Pre-drug vs. | Post-drug
potentials Pre-drug | Post-drug | post-drug | vs.controls
parameters p* p**
Latency (ms)
N1 529+22 | 80.6+4.6 <0.0001 <0.0001
P1 945+3.1 | 127.1+45| <0.0001 <0.0001
N2 1428 +35 | 175.7+48| <0.0001 <0.0001
P2 191.8+59 | 218.7+6.5 0.0037 <0.0001
Amplitude (uVv)
N1 89+28 59+0.8 0.0153 0.0021
P1 104 £3.5 6.7+0.2 0.0056 0.0078
N2 122+38 | 7107 <0.0001 0.0078
P2 99+53 8.2+0.8 0.0826 0.1502

Pre- and post-drug values are expressed as mean + standard error;
*Wilcoxon signed rank sum test;
**Wilcoxon-Mann-Whitney test
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Evoked Pre-drug vs. | Post-drug
potentials Pre-drug | Post-drug | post-drug | vs.controls
parameters p* p**
Latency (ms)
N1 579+£1.1 | 785+ 1.7 <0.0001 <0.0001
P1 1006 +19|1258+13| <0.0001 <0.0001
N2 1441 +£2.7 [ 171.1 £ 2.1 <0.0001 <0.0001
P2 190.5+3.1 | 216.8+28 | <0.0001 <0.0001
Amplitude (uVv)
N1 79+0.7 | 63+09 0.4615 0.4839
P1 9.5+0.5 6.5+0.6 0.0087 0.0057
N2 12015 | 68+04 0.0087 0.0059
P2 89+0.3 6.7+0.3 0.0087 0.0112

Pre- and post-drug values are expressed as mean + standard error;
*Wilcoxon signed rank sum test;
**Wilcoxon-Mann-Whitney test
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The effect of placebo on tooth pulp-evoked potentials

After placebo administration, there were no significant
differences in the TPEPs components either within the
same group pre-drug, or in relation to the control group
(p > 0.05). The detailed data are shown in Figure 3 and
Table 3.
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Figure 3. Influence of placebo on tooth pulp-evoked potentials

A) Original waveforms recording from vertex after toot pulp stimulaton
before and after placebo administration; B) the pattern of the mean
values of evoked potentials before and after placebo administration
and control group; there were no significant differences (p > 0.05) in
the all latencies and amplitudes either within the same group pre-drug
or in relation to the control group

Comparison between influence of ibuprofen,
bromazepam and placebo on tooth pulp-evoked
potentials

Comparing the obtained mean values of wave latencies and
amplitudes after ibuprofen administration and the mean
values of same parameters after bromazepam adminis-
tration, no statistically significant differences were found
(p > 0.05). Contrary, all latencies of both, ibuprofen and
bromazepam, were significantly longer than latencies after
placebo, while the first three values of amplitudes after
ibuprofen, and the last three values of amplitudes after
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Table 3. Comparison of tooth pulp-evoked potentials parameters be-
fore and after placebo administration and control group

Evoked Pre-drug vs. | Post-drug
potentials Pre-drug | Post-drug | post-drug | vs.controls
parameters p* p**
Latency (ms)
N1 585+2.1 | 61.9+19 0.1272 0.8858
P1 1054+28 | 107.1£2.6 0.5879 0.2017
N2 152.9+3.8|1542+3.6 0.7869 0.0545
P2 199.7+4.7 | 201.2£4.5 0.7737 0.1078
Amplitude (uV)

N1 6.8+0.4 7.1+05 0.6355 0.3469
P1 7.9+0.5 82+0.7 1.0000 0.9700
N2 8.5+0.6 9.5+0.38 0.2439 0.9400
P2 89+0.5 9.1+0.6 0.2163 0.1879

Pre- and post-drug values are expressed as mean * standard error;
*Wilcoxon signed rank sum test;
**Wilcoxon-Mann-Whitney test
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Figure 4. The pattern of the mean values of evoked potentials after
ibuprofen, bromazepam and placebo

There were no significant differences (p > 0.05) in the all latencies and
amplitudes between groups after ibuprofen and after bromazepam;
the amplitudes were significantly less comparing to amplitudes after
placebo (p < 0.05)

Table 4. Comparison of tooth pulp-evoked potentials parameters after
drug administration between ibuprofen, bromazepam and placebo
groups

Evoked ibuprofen ibuprofen bromazepam
potentials | vs. bromazepam vs. placebo vs. placebo
parameters p p p
Latency (ms)
N1 0.6327 < 0.0001 <0.0001
P1 0.8986 0.0002 <0.0001
N2 0.3897 0.0005 0.0006
P2 0.5664 0.0128 0.0075
Amplitude (uV)
N1 0.2141 0.0024 0.2141
P1 0.1810 0.0081 0.0018
N2 0.3724 0.0072 0.0024
P2 0.5664 0.5664 0.0014

Pre- and post-drug values are expressed as mean + standard error;
Wilcoxon-Mann-Whitney test

bromazepam were significantly decreased comparing to
the same parameters after placebo. The detailed data are
shown in Figure 4 and Table 4.

Having in mind that all groups consisted of different
subjects, we compared TPEP components between controls
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and each group before drug administration, as well as be-
tween all groups before drug administration. Analysis
showed no significant differences in all comparisons
(p > 0.05) (data not shown). Therefore, post-drug results
could be compared between groups.

DISCUSSION

In this study TPEPs modulation by analgesic and anxiolytic
was studied. TPEPs are the most appropriate method for as-
sessing orofacial pain, because any supra-threshold stimulus
that affects the tooth-pulp is perceived as pain [2, 9, 25].
Each of the four waves is characterized by two components:
latency and amplitude. An upward deflection of the TPEPs
waveform was defined as N (negative) and downward de-
flection as P (positive). The latency reflects rate of neuro-
transmission, and the amplitude stimulus intensity [7, 26].
Amplitudes with peak occurring at a mean latency less than
100 ms (exogenous SEP components) were proportional to
stimulus intensity, while amplitudes with peak occurring
at a mean latency greater than 100 ms (endogenous SEP
components) were proportional to the intensity of percep-
tion [26]. Therefore, early waveform components manifest
the energy transmission at the first-order synapses in the
pons and along trigeminal lemniscus, and the late compo-
nents reflect the brain processes during stimuli perception
at thalamus-cortical and thalamus-limbic levels [7, 8].

The results of the present study, that ibuprofen at a dose
of 400 mg significantly increases all latencies and decreases
amplitudes of first three waves, are in accordance with the
previous studies which examined the influence of different
doses of analgesics on SEPs [2, 3, 6, 7]. Moreover, our find-
ings indicate that ibuprofen, as a cyclooxygenase inhibi-
tor that affects transmission at the first-order synapses in
the pain pathway [14, 20], slows down neurotransmission
along the entire pain pathway and reduces the stimulus
intensity perception at the level of the pons and trigeminal
lemniscus, despite non-painful stimuli.

The dose-dependent effects of benzodiazepines range
from anxiolytic and sedative to loss of consciousness [13,
15]. It is well-known that sedative doses of benzodiazepine,
as well as opioid analgesics, affect the emotional aspect of
pain, in contrast to non-opioid analgesics which affect the
sensory aspect of pain [9]. Gonzalez-Liencres et al. [27]
reported that endogenous evoked potentials are associated
with attention and stimulus evaluation. Since their com-
ponents correlate with state of the subject, attention level
and meaning of the stimulus [10, 21], they can be affected
by centrally acting drugs [10, 20]. Many previous studies
showed that sedative drugs modify late SEP waves. In fact,
they cause a dose related significant increase in latencies
and decrease in amplitudes [8-11]. The same modifica-
tions of these SEP components caused by analgesics were
actually a consequence of their nonspecific sedative effects
[2, 28]. In order to avoid sedative effect of bromazepam, in
this study, anxiolytic dose was administered. Furthermore,
non-painful stimuli were applied since various studies have
shown that intensity of painful stimuli positively correlated

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):267-273

with amplitudes and negatively correlated with latencies [2,
3,7, 11], as well as non-painful stimuli did not affect ampli-
tudes [29]. Moreover, in order to eliminate the influence of
fear of pain, the subjects were told that the stimulation of
TPEPs would be painless and that the drug they receive is
an analgesic. Indeed, our findings exhibit that bromazepam
even at a dose of 1.5 mg significantly increased all latencies,
and decreased amplitudes of last three waves.

According to other studies, benzodiazepines increase
the inhibitory postsynaptic potential via GABA-ergic mem-
brane hyperpolarization, which leads to a decrease in the
firing rate of neurons [13, 15, 30]. Our results indicate that
anxiolytic dose of benzodiazepines slows down neurotrans-
mission along the entire somatosensory pathway and re-
duces the stimulus intensity perception from the trigeminal
lemniscus, through the thalamus, to the limbic system and
cortex, even if non-painful stimuli were applied.

Our results showed that placebo did not modify TPEPs
waves, as we assumed. Furthermore, there are significant
difference between results of placebo and other drugs,
which implies that the drug effects on TPEPs are valid.
Cruccu et al. [31] examined whether the late components
of TPEPs are a reliable index of pain intensity. They found
that changing the experience of expected pain under the
influence of placebo reduces the amplitude of TPEP and
subjective assessment of pain, while input from the periph-
ery remains unchanged. Because TPEP, instead of being
an event specifically related to the nociceptive message,
represents the electrical equivalent of an unspecific asso-
ciative activity which seems to depend more on the novelty
and affective correlate of the stimulus than on the stimulus
intensity. According to Thiirauf et al. [10] and von Mohr
et al. [21], emotional and cognitive aspect of pain could
affect perception and consequently SEPs. Since we applied
non-painful stimulus and our subjects did not expect pain,
there was no change in the characteristics of the evoked
potential, as we assumed.

Even though we found that bromazepam changed last
three TPEPs amplitudes, as well as the ibuprofen changed
first three TPEPs amplitudes, there were no significant
differences in influence on TPEPs when these two groups
are compared. Considering that there are no studies that
examined the effect of both anxiolytic and analgesic on
TPEPs, and based on the knowledge of all factors that
affect the SEPs, which we mentioned earlier, we assume
that these findings are outcome of non-painful stimuli
application.

It is important to note that this part of our experiment
have certain limitation. The second part of our exploration
is including the effects on TPEPs after painful stimulation
of the dental pulp. Due to the appropriate procedures re-
garding the selection and consent of patients, it was neces-
sary to include a modified sample of patients in the study.
We thought that due to the change in study conditions,
participants and sample size, it would be more correct ap-
proach to present this part of the study separately after
completion, and also to compare these subsequent results
with result presented here. Further ongoing research, that
involves painful stimulation of the dental pulp, will provide
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a more complete insight into the effects on TPEPs of these
two drugs with different modes of action.

CONCLUSION

In this study, we showed that both bromazepam and ibu-
profen had the same influence on TPEPs after non-painful
stimulus. In other words, that indicates that anxiolytic dose
of bromazepam affects neurotransmission in the same
manner as non-opioid analgesics ibuprofen.
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Mopehetbe yTuuaja 6pomasenama n ubynpodeHa Ha esoumpaHe noteHuymjane 3ybHe

nynne Koa /byam

bpaHuncnasa Bykosuh', 3opaH Jlasuh? CreaH ABpamos'?, Maja Masnosuh', MunaHa Yabpuno-Jlasuh', Agam Manewwesuh',

JoBaHka TpudyHosuh', XKusopag Hukonuh!

'YHuBep3utet MpuBpeaHa akagemuja y HoBom Cagy, CromatonoLuku ¢pakynter, MaHueso, Cpbuja;
2YHnBep3uTeT ogbpaHe y beorpagy, MeauumuHckn dakynteT BojHomeanUmMHCKe akapemuje, Beorpag, Cpbuja;
YHnsepauTet y beorpagy, MHCTUTYT 3a Bronoluka nctpaxusama ,CuHuia CraHkosuh', beorpag, Cpbuja

CAXETAK

YBop/Llnmb ComaToceH30pHM eBoLpaHu MOTEHLMjanN Cy He-
ypodU3MONOoLKO CPefCTBO 3a TeCTUpabe edeKata JiekoBa Ha
JbY[E U KUBOTUHSE.

Linrb oBor McTpaxuBarba 610 je fa ce MPOLEHN HauVH Ha Koju
6pomasenam 1 nbynpodeH yTuuy Ha eBoLMpaHe NoTeHujane
3y6He MyJine HaKOH NpKMeHe 6e360/HOT CTUMYITYCa, Kao U Aa
ce OTKpyjy Mmoryhe pasnuke y 0BOj akTVBHOCTU.

Metope Y ncrpaxuBatrbe je ykibyuyeHo 60 mnagux 3apaBumx nc-
MUTaHWKa, Koju Cy CBPCTaHW y TpU rpyne: nbynpodeH, 6poma-
3enam 1 nnauebo. Y unby fobrjaka 0aroBopa Ha eBoLupaHe
noTeHuwjane 3ybHe nynne, 3ybHa nynna je cCTMMyn1caHa enek-
TPVUYHOM CTPYjOM MPEKO NHTAKTHE rnehi cTumynycuma Koju He
13a3uBajy 6o1. 3a cTUMynauwjy u peructpaLjy KOpUcTuam cMo
anapart Xltek Protektor 32 cuctem, copteep EPWorks, Bepauja 5.0
(Natus Medical Incorporated, Oksun, OH, KaHaga). Ha ceakom
MCNTaHUKY je ypaheHo fBa nyTa no neT cHUMarba eBOLMPaHNX
noTeHLUmjana, NpByY MyT Npe NpYMeHe neka, a Apyrv nyT 45 My-
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HyTa HakoH NpVMeHe nojeanHayHe fose néynodera (400 mg),
6pomaszenama (1,5 mg) unu nnaeba.

Pesyntatm Pe3yntaTu oBe cTygmje cy nokasanu cnegehe: u
néynpodeH 1 6pomasenam 13asBanv Cy 3Ha4ajHO MPofyxere
CBWX NaTeHLM; MOYNpodeH je n3a3Bao CHUXEHbE aMNInTyAa
CBUX Tasiaca ocum npsor (p < 0,05), a 6pomasenam je n3a3Bao
CHWXXetbe aMmInTy/ja CBKX Talaca ocMm nocneftber (p < 0,05);
nnaue6o Huje MoaVPUKOBaO Tanace eBOLMpPaHX NoTeHLWjana
(p > 0,05). Takohe, HUCY youeHe 3HauajHe pa3nKe y MPOMeHa-
Ma eBoLVpaHuX NoTeHLMjana noj AejctBom 6pomasenama y
ofHocy Ha néynpodeH (p > 0,05).

3aksbyuak Hawa cTtyauvja je nokasana ga cy 6pomasenam v
nbynpodeH umanu NCTu yTrLaj Ha eBoLMpaHe NoTeHumjane
3y6He mynne HakoH nprmeHe 6e36onHor ctumynyca. lobrjeHu
pe3ynTtatu ykasyjy fa 6pomasenam y Manum fo3ama Ha Nctu
HauMH yTn4e Ha HeypoTpaHCMUCKjy Kao 1 nbynpodeH, Koju je
HEONMOWIHWN aHaNTETHK.

KmbyuHe peun: comaToceH30pHM eBoLMpaHy NoTeHumjany;
6e36051HM CTUMYITYC; aHaNreTUK; aHKCUONNTUK

www.srpskiarhiv.rs

273



DOI: https://doi.org/10.2298/SARH211214044C

UDC: 612.433.013

ORIGINAL ARTICLE / OPUTUHAJTHN PA[]

Morphometric analysis of somatotropic and
folliculostellate cells of human anterior pituitary
during ageing

Jovana Cukuranovi¢-Kokoris', Miodrag Dordevi¢'?, Ivan Jovanovi¢', Braca Kundali¢',

Miljana Pavlovi¢', lvana Graovac', Vladimir Ajdzanovi¢®, Natasa Risti¢?,

Jelena Markovi¢-Filipovi¢?, Verica Milosevic!

'University of Ni$, Faculty of Medicine, Department of Anatomy, Nis, Serbia;

University of Nis, Faculty of Medicine, Ni$ University Clinical Center, Clinic for Endocrine Surgery, Nis, Serbia;
3University of Belgrade, Sinisa Stankovi¢ Institute for Biological Research - National Institute of the Republic
of Serbia, Department of Cytology, Belgrade, Serbia;

“University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Novi Sad, Serbia

SUMMARY

Introduction/Objective In this study, we have pointed out the immunohistomorphometric characteristics
of somatotropic (GH) and folliculostellate (FS) cells of the male pituitary gland during ageing.
Methods On histological sections of the pituitary gland of 14 male cadavers of different ages, the GH
and FS cells were immunohistochemically labeled with corresponding antibodies, monoclonal anti-GH
antibody, and polyclonal anti-S100 antibody, respectively. Immunopositive GH- and FS-cells were further
morphometrically analyzed using ImageJ software.

Results The obtained results of morphometric analysis showed that the surface area of GH cells in-
creased significantly with age. In these cells, the nuclear-cytoplasmic ratio gradually decreased and
became significantly higher after the age of 70 years. The volume density of GH cells has not changed
during ageing, while in FS cells this parameter significantly increased in the cases older than 70 years.
The nuclear-cytoplasmic ratio of GH cells is negatively correlated with the volume density of FS cells.
Conclusion Based on the obtained results, we concluded that hypertrophy of GH and FS cells occurs in
men with ageing and that correlation between the morphometric parameters of these two cell types
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INTRODUCTION

It is well known that ageing brings with it vari-
ous physiological changes within the human
organism, which are especially pronounced in
the functioning of the somatotropic and repro-
ductive axis. Decreased secretion of the growth
hormone (GH) with ageing is referred to as so-
matopause [1]. The basis of somatopause is a
multiple neuroregulatory collapse, such as the
lack of secretion of the growth hormone (regu-
lated by growth hormone-releasing hormone
from the hypothalamus), ghrelin and insulin-
like growth factor 1 (IGF-1), as well as excessive
secretion of somatostatin [1, 2].

This ultimately results in a reduced amount
of secreted GH per one secretory pulse. Ageing
does not have an impact on the frequency of
pulsatile secretion of GH, basal secretion of
GH, half-life of GH and its elimination kinet-
ics [3]. These changes in GH secretion pat-
terns with ageing are probably in part the con-
sequence of certain structural changes at the
hypothalamic level [4], and in part the conse-
quence of changes in anterior pituitary somato-
tropic cells, which have not been sufficiently
studied so far [5]. In contrast to hypogonadism,

the negative feedback mediated by GH and/or
IGF-1 becomes stronger with advancing age.
The consequence of this phenomenon is the
biochemical hyposomatotropism with an expo-
nential decline of GH and IGF-1 concentrations
starting from early adult age, which clinically
manifests in the form of osteopenia, sarcopenia,
intraabdominal obesity, insulin resistance, hy-
perlipidemia, increased risk for atherosclerosis
and lower quality of life [1, 6].

The knowledge of the function of hypothal-
amo-somatotropic axis during ageing has led
to therapeutic use of GH and other hormones
in the elderly as a certain ‘elixirs of youth.
However, the expected results have not been
obtained, and the incidence of adverse effects
and potential malignancy risks in the elderly
have led endocrinologists to decide that there
are no valid reasons for clinical use of GH to
reverse age-related changes [7]. Naturally, fu-
ture research of the pathways responsible for
GH deficiency during ageing should hopefully
resolve the present dilemmas as to the use of
GH in the attempts to reverse ageing and to
prolong human life.

In their fundamental work, Schwartz et al.
[8] reported that the function of the anterior
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lobe of the pituitary gland probably relies on the integra-
tion of multiple received input signals, including hypo-
thalamic, peripheral, and intrapituitary, which may have
stimulatory or inhibitory effects on the hormone produc-
tion. Interactions of somatotropic (GH) cells with other
hormonal and non-hormonal pituitary cells in healthy
elderly appear to be very important [9, 10, 11]. Pituitary
folliculostellate cells (FS) can release various products into
the intercellular space, and thus can influence the function-
ing of neighboring hormone-producing cells [12].

The internal hormonal milieu of older men changes
with advancing age, and we may well suppose that such
changes can stimulate FS cell interactions with somato-
tropes via paracrine loops [13]. These interactions can
consequentially alter the function of somatotropes, which
would ultimately result in age-related changes of GH levels
in the plasma.

In view of the fact that hyposomatotropism during ageing
can occur as the consequence of structural changes at all
levels of the somatotropic axis and that age-related histo-
morphometrical changes at the level of the anterior lobe of
the pituitary gland are insufficiently studied, the aim of our
study was to detect and quantify the changes in morphology
and density of human pituitary gland anterior lobe somato-
tropic cells, using immunohistochemical and morphometric
analysis in cases of different ages. We also tried to discover
similar changes in adenohypophyseal folliculostellate cells,
as the structures which, via paracrine pathways, could have
an impact on the function of anterior pituitary somatotropic
cells. Additionally, we evaluated statistically the possible as-
sociation of the above changes during human ageing.

METHODS
Pituitary tissue sampling

The study material consisted of pituitary tissue samples
taken from 14 men corpses, aged 41-87 years, which were
divided into three groups. The first (I) group consisted of
cases aged 41-49 years; the second (II) group implied cases
aged 50-69 years, and the third (III) group included cases
older than 70 years.

Tissue samples were taken at a routine autopsy at the
Center for Forensic Medicine in Ni$, Serbia, with the ap-
proval of the Ethics Commission of the University of Nis,
Faculty of Medicine (Decision No. 12-2307-2/8 of March
10, 2016), described in detail in our previous work [14].

Pituitary tissue processing and
immunohistochemistry

Isolated pituitaries of the male corpses were histologically
prepared according to the procedure described in detail
earlier, while the morphometric analysis of GH and FS
cells was performed according to the previously described
procedure [15, 16]. The stained histological sections were
then immunohistomorphometrically analyzed using light
microscopy under 4 x and 40 x magnifications.
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Morphometric analysis

Morphometric analysis was performed on digital images
obtained by a 1.3-megapixel digital camera. Thirty visual
fields were selected from both dorsal and ventral halves,
i.e. 60 visual fields in total per analyzed case. We obtained
10 visual fields each from both lateral anterior pituitary
wings and 10 from the middle portion of both dorsal and
ventral halves from all analyzed cases (20 visual fields in
total from each lateral anterior pituitary wing and 20 from
the middle portion in each analyzed case). Image analysis
was performed using the Image] software (https://imagej.
nih.gov/ij/).

Regarding GH immunoreactive cells, our analysis in-
volved measurements of their area (A,,) and the area of
their nuclei (A ). The nuclear-cytoplasmic ratio (N/
C,,,) was calculated as the quotient of nuclear area and
cytoplasmic area, with the cytoplasmic area obtained as the
difference of area of the above cells and the area of their
nuclei. We performed the measurement of 60 GH cells
and 60 FS cells in the dorsal and ventral anterior pituitary
halves in all analyzed cases (in total, 120 cells per case).

The analysis was performed using the multipurpose test
system M168 (d = 17.88 pm, a = 15.49 pm?, AT = 2601.54
pum?, LT = 1501.92 um), placed over the analyzed digi-
tal image of histological sections. Volume density of GH
(Vi) and FS cells (V) was obtained as the quotient of
the number of dots in the test system which hit immu-
nopositive cells (PF) and the total number of dots in the
system (PT = 168) per each analyzed field of the dorsal
and ventral pituitary halves [17].

The values of area, nuclear area, nuclear-cytoplasmic
ratio, and volume density of GH cells and volume density
of FS cells per each analyzed case were obtained as average
values for all measured visual fields.

Statistical analysis

The statistical analysis was performed using SPSS, Version
16.0 (SPSS Inc., Chicago, IL, USA). Dynamics of the values
of morphometric parameters for the studied age groups
was analyzed using the One Way ANOVA and Tukey-
Kramer post hoc test. Due to a small size of the analyzed
sample, the obtained statistically significant differences
were additionally verified by the calculation of the cor-
responding effect sizes.

RESULTS
Qualitative histological analysis

In younger individuals (the first group; age 41-49 years),
pituitary somatotropic cells were rare and scattered within
the pars intermedia, while their presence was markedly
greater in anterior pituitary lateral wings. They were pre-
dominantly polygonal, with eccentric euchromatic nuclei
(with prominent nucleoli in some of the cells). A posi-
tive immunohistochemical reaction was observed in the
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Figure 1. Representative micrograph of a young man’s (41 years old)
pituitary somatotropic cells A); older man’s (87 years old) pituitary so-
matotropic cells B); S100 immunopositive folliculostellate cells in the
41- (C) and the 87-year-old man (D); Novocastra Peroxidase Detection
System; magnification 40 x, bar = 30 um

cytoplasm of somatotropes, while in their nuclei the re-
action was immunonegative (Figure 1A). Somatotropic
cells in older cases (the third group; above 70 years) dem-
onstrated a slightly stronger immunopositive reaction in
the pars intermedia of the anterior pituitary. In contrast to
the above, in these cases there was a significant decline of
the number of somatotropes in both pars intermedia and
anterior pituitary lateral wings. Somatotropes were either
single or in groups, located near the capillaries. The cells
were larger, with an eccentric, hyperchromatic, immuno-
negative nuclei and occasional transparent cytoplasmic
vacuoles (Figure 1B).

Folliculostellate cells in the anterior pituitary of younger
cases (age 41-49 years) were irregular to star-shaped in ap-
pearance. Their immunopositive cellular body has thin pro-
jections extending between endocrine cells. These cells were
rare and irregularly distributed within the lateral wings, as
well as in the mucoid wedge of the anterior pituitary (Figure
1C). The bodies of FS cells and their projections were visu-
alized between endocrine cells. In cases over 70 years of age
(the third group), we encountered a significantly increased
number of FS cells in the middle and in the lateral wings of
the anterior pituitary (Figure 1D). Although the irregular
shape of their bodies made it difficult to estimate the size of
the cells, it could be concluded that in general their bodies
became larger and that the immunopositivity was stronger
in the more advanced years of life.

Morphometric analysis

The results of morphometric analysis of anterior pituitary
immunoreactive GH and FS cells in the studied cases are
shown in Table 1.

The correlation analysis of age and morphometric pa-
rameters of GH immunoreactive cells showed that their area
significantly increased (R = 0.7; p = 0.005; N = 14) (Figure
2A), and nuclear-cytoplasmic index significantly decreased
with advancing age (R = -0.69; p = 0.006; N = 14) (Figure
2B). Volume density of FS cells significantly increased
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Table 1. Morphometric analysis of immunoreactive growth hormone
and folliculostellate cells of the anterior pituitary in all 14 analyzed
cases

Case Age Group \(/ov/ﬁ)“ \({)};)S
1 41 | 19.87 1.59
2 45 | 15.2 1.16
3 48 | 19.56 1.88
4 48 | 2143 1.6
5 57 I 11.71 1.33
6 61 I 19.72 294
7 65 I 25.35 3.44
8 65 I 26.35 2.46
9 66 I 19.65 2.26
10 76 1] 28.32 2.26
11 76 1] 22.69 2.81
12 77 1] 19.35 3.13
13 78 11} 13.42 3.37
14 87 11l 22.74 4.79

V, o — Volume density of growth hormone cells; V,

of folliculostellate cells T

\rs — Volume density

Table 2. Regression analysis between the age as predictor and area,
nucleocytoplasmic ratio of somatotropes (GH) immunoreactive cells,
as well as volume density of folliculostellate cells (FS) cells as outcome
variables

AGH
Variable B SEB B t p
Constant 94.00 18.53 5.07 < 0.001
Age 0.97 0.28 0.70 341 0.01
R?=0.49; F(1,12) = 11.63, p = 0.005; Model: A_, = 94.00 + Age x 0.97
(N/Q)g,
Variable B SEB B t p
Constant 0.35 0.04 8.57 < 0.001
Age -0.002 0.0006 -0.69 -3.32 0.06
R?=0.48; F(1,12) = 11.05, p = 0.006; Model: (N/C) ,, = 0.352 - Age x 0.002
VVFS
Variable B SEB B t p
Constant -1.06 0.78 -1.37 0.20
Age 0.06 0.01 0.80 4.62 0.001
R?=0.61;F(1,12) =21.32, p=0.001; ModeI:VVFS =Age x 0.06 - 1.06

A, —area of GH cells; (N/C),, - nuclear-cytoplasmic ratio of GH cells;
Vs — volume density of folliculostellate cells; R? - the coefficient of
determination; B - unstandardized coefficient; SEB - standard error of B;
{3 - standardized coefficient beta; t - t-test

during ageing (R = 0.80; p = 0.001; N = 14) (Figure 2C).
Nuclear area of GH immunoreactive cells did not change
significantly with ageing (p > 0.05), while volume density
of these cells increased with ageing, but the increase was
not significant (p > 0.05). The results of bivariate linear
regression additionally demonstrated that age was a sig-
nificant predictor of area and nuclear-cytoplasmic ratio of
GH immunoreactive cells and volume density of FS cells
as well (Table 2). The factor of age was able to explain 49%
of area variance, 48% of nuclear—cytoplasmic ratio of GH
immunoreactive cells, and 61% of volume density variance
of adenohypophyseal FS cells. In all three instances, age
represented a large effect size and could be shown using
the models presented in Table 2.
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Table 3. Results of univariate ANOVA, testing between the average values
of morphometric parameters of somatotropic cells immunoreactive cells
and folliculostellate cells of the anterior pituitary in the analyzed age groups

Tukey-Kramer test showed that volume density of FS
cells showed an increasing tendency with advancing

age, with the values in age group III being signifi-

(V)
Parameter | Group | N | Average | SD | SE 25 T;(I)(sety cantly higher than those in age group I (p < 0.05),
L UB Ihoctest|  but not when compared to age group II (p > 0.05).
| |4] 14139 | 13.94 1697 |119.20 | 163.57| a The average value of this parameter in age group II
Ag, (Hm?) I 150.55 | 21.18 | 9.47 | 124.26 | 176.85 | / was higher compared to age group I, but the differ-
I |5] 17246 | 9.20 |4.12|161.03 | 183.89 a ence was not statistically significant (p > 0.05). The
ANOVA F(211)=477,p=0.03 remaining two analyzed morphometric parameters
I 4] 2905 | 227 |1.13] 2544 | 32.66 / did not differ significantly between the studied age
A (Um?) Il 26.99 5.27 |236| 2045 | 33.53 / groups (p > 0.05).

M _[5] 2670 | 530 |237] 2012 | 33.29 | / The analysis of correlation between the morpho-
ANOVA F(211)=0.32,p=073 metric parameters of GH immunoreactive and FS
| _|4] 026 |002]001| 023 | 0.29 a cells indicated the presence of a statistically signifi-
(N/C)gq L 022 | 004 j002] 017 | 027 / cant negative correlation of average volume density
W _|5] 018 | 004 |002] 014 | 023 a of anterior pituitary FS cells and nuclear-cytoplas-
ANOVA F(2,11)=6.38, p =0.01 mic ratio of GH immunoreactive cells (R = -0.71,
| 4] 1902 | 267 |1.34| 1476 | 23.27 / p = 0.005, N = 14). The linear regression analysis
Vi (%) ! 2055 | 584 | 261 1331 | 27.80 / showed that volume density of FS cells in examined
M_15] 2130 | 546 |244] 1453 | 2808 / cases represented a statistically significant predictor
ANOVA " Tal 156 i 1013)0: Ojj’sp = ]O.gg 503 ; of nuclear—cytoplasmic ratio of GH immunoreactive
cells (F(1,12) = 12.08, p = 0.005), which could be rep-

Vs (%) I 241 | 083 [037] 137 | 344 | / . .
i 15| 321 | 094 l042] 202 | 438 s resented using the following model: (N/C),, = 0.287
AT F211)=5.08, p=0.03 - VVFS X 0.031..In p.ar’Flcular, the increased Volur.ne
2l p< 005, density of anterior pituitary FS cells was accompanied

A, - area of somatotropic cells; A, ., — area of somatotropic nuclei;
(N/Q),, - nuclear-cytoplasmic ratio of somatotropic cells; V , — volume density
of somatotropic cells; V. - volume density of folliculostellate cells; SD - standard

deviation; SE - standard error; LB - lower bound; UB - upper bound; CI - confidence

interval

A detailed dynamics of age-related changes in average
values of morphometric parameters of adenohypophyseal
immunoreactive GH and FS cells in the studied age groups
was evaluated using the One Way ANOVA test. The results
showed that the mean values of area and nuclear—cytoplas-
mic ratio of GH immunoreactive cells differed significantly
between the studied age groups (Table 3). The average area
of anterior pituitary GH immunoreactive cells significantly
increased during the process of ageing (F(2,11) = 4.77,
p = 0.03) (Figure 2D). The post hoc Tukey-Kramer test
showed that this parameter had an increasing tendency
during ageing, with the value in age group III being sig-
nificantly higher compared to group I (p < 0.05), although
not compared to age group II (p > 0.05). The average value
of this parameter in age group II was higher than that in
group I, but the difference was not statistically significant
(p > 0.05). The average nuclear-cytoplasmic ratio of an-
terior pituitary GH immunoreactive cells significantly
declined with ageing (F(2,11) = 6.38, p = 0.01) (Table 3,
Figure 2E). The post hoc Tukey-Kramer test showed that
this parameter had a declining tendency during ageing,
with the value in age group III being significantly lower
than that in group I (p < 0.05), but not compared to age
group II (p > 0.05). The average value of this parameter
in age group II was lower compared to group I, but the
difference was not statistically significant (p > 0.05).
The average volume density of anterior pituitary FS cells
(F(2,11) = 5.08, p = 0.03) significantly increased during
the process of ageing (Table 3, Figure 2F). The post hoc
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by a statistically significant decline of nuclear-cyto-
plasmic ratio of GH immunoreactive cells (Figure
2G), with the FS cell volume density of the studied
cases being able to explain 46% of overall variance
of nuclear—cytoplasmic ratio of GH immunoreactive
cells (R* = 0.46), which represented a large size effect.

DISCUSSION

Ageing of the pituitary gland functionally manifests by its
declining secretory activity, especially affecting the levels
of growth hormone, prolactin, and thyroid-stimulating
hormone in the blood. These changes lead to so-called
age-related diseases, which predominantly affect the target
organs of these hormones [6, 18]. Some previous studies
reported a fall in different parameters of somatotropic cells
with ageing in detail [1]. In the study conducted by Sano
et al. [19], the presence of interstitial, perivascular fibro-
sis was documented semiquantitatively: the fibrosis pro-
gressed with time and involved anterior pituitary paren-
chyma in 88% of older individuals (predominantly males).
The study reported a declining number of somatotropes
in the lateral portions of the organ with ageing, but could
not establish the dynamics of this decline. According to
the same study, the number of other anterior pituitary cells
did not change significantly during ageing. In the pituitary
glands of individuals aged over 90 years, focal necrosis or
scarring tissue, iron or amyloid deposits, basophilic inva-
sions, accumulations of squamous cells, adenomas, and
granular cells were occasionally seen.

The results of our present immunohistomorphometric
study of anterior pituitary glands, obtained from human
male cadavers, indicated a significant increase in size of
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Figure 2. The graphical representation of the anterior pituitary gland parameters in the analyzed cases: correla-
tion between age and area (A), nuclear-cytoplasmic ratio (B), average area (D), and average nuclear-cytoplasmic
ratio (E) of somatotropic cells; correlation between age and volume density (C) and average volume density (F) of
folliculostellate cells; correlation between volume density of folliculostellate cells and nuclear-cytoplasmic ratio of

somatotropic cells (G);

Ve — volume density of somatotropic cells; V. .

(N/Q),, - nuclear-cytoplasmic ratio of somatotropic cells

somatotropic cells with ageing, while the size of their nuclei
remained unaffected by this physiological process. The
increase in size of somatotropic cells was slow and steady;,
so statistically significant differences exist only between
age groups I and III. On the other hand, nuclear-cyto-
plasmic ratio declined uniformly with years of age, given
that statistically significant differences were observed only
between age groups I and III. The increase in size of so-
matotropes during ageing, as shown in this study, is in
accordance with the research of Anti¢ et al. [20]. However,

‘ DOI: https://doi.org/10.2298/SARH211214044C

- volume density of folliculostellate cells; A , — area of somatotropic cells;

in contrast to these authors, we could not confirm any
significant decline of volume density of somatotropic cells
with advancing age. Our study showed that the appropriate
structural changes in somatotropic cells are responsible for
the functional decline of the GH/IGF-1 axis during human
aging, which is consistent with the earlier work of Anti¢ et
al. [20]. The dynamics of these changes at the cellular level
was influenced by numerous, insufficiently known, distant
and local factors in the cell environment. It is certain that
the reported age-related changes of somatotropes can be
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at least partly explained by structural changes at the level
of hypothalamus occurring with advancing age [4].

Our results showed an increase in the volume density
of FS cells in the elderly, compared to younger cases. This
fact may indirectly indicate increased FS cell function in
the elderly, as shown by Pavlovi¢ et al. [21] during examina-
tion of this parameter in the case of both sexes, when the
significant increase was noticed after the age of 80 years.
However, except for the fact that the male cases studied
by Pavlovi¢ et al. [21] were older and with greater volume
density of FS cells than in our study, this significant increase
of volume density of FS cells was explained with simultane-
ous increases in the size and number of these cells in the
pituitary mucoid wedge in their oldest group. Our histo-
logical analysis could not reveal any regional differences
in the dynamics of FS cells during the process of ageing.
From our results, we could make an assumption that age-
related increased volume density of FS cells is a two-phase
process. The first phase, probably occurring in men aged
50-70 years, would predominantly be the consequence of
increased size of FS cells or their hypertrophy, while in the
second phase, occurring in men aged over 70 years, a fur-
ther increase in size of FS cells occurs with a simultaneous
increase of their number, leading thus to their significantly
greater volume density. These facts may indirectly indicate
increased function of FS cells in the elderly.

Analysis of the correlation between morphometric pa-
rameters of GH and FS cells indicated the presence of a
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statistically significant negative correlation between the
average volume density of anterior pituitary FS cells and
the nuclear—cytoplasmic ratio of GH cells, suggesting that
homeostasis of the growth hormone production/secretion
exists [22].

CONCLUSION

From all the above, we concluded that in men, the size of
GH cells increased with age. According to our results, it
can be indirectly hypothesized that long-term hypertrophy
of GH cells results in their functional decline after the age
of 70. Furthermore, density and size of FS cells increased
during ageing, which indicated their increased function.
The strong correlation between morphometric parameters
of FS and GH cells might point to age-related interactions
between these two cell groups.
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MopdomeTpujcka aHann3a COMATOTPONHMX U ponnKynocTenatHux henuja

afeHoxunoguse YoBeKa TOKOM CTapera

JoBaHa YykypaHosuh-Kokopuc', Muogpar hophesuh? MeaH JosaHosuh', bpaua KyHganuh', Mumbara Masnosuh!,
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2YHuBep3auTeT y Huwy, MeanumHcKn GakynTeT, YHUBEP3NTETCKU KNMHUYKN LieHTap Huw, KnuHnka 3a eHgoKpuHy xupyprijy, Huw, Cpbuja;
*YHusep3utet y beorpapy, HCTUTYT 3a bronoLuKa ncTpaxmBarwa,,CuHuwwa CraHkoBuh” — VIHCTUTYT of HaLMOHaNHOT 3Havaja 3a Peny6nuky

Cpbujy, Operserbe 3a uutonorujy, beorpag, Cpbuja;

*Yunsep3auteT y HoBom Capy, MpupoaHo-maTematnuki ¢pakynter, lenaptmaH 3a 6uonorujy n ekonorujy, Hosu Cag, Cpbuja

CAXETAK

YBop/LUnm Y 0BOj CTyAmjy CMO yKa3anu Ha IMyHOX1CTOMOP$O-
MeTpujcKe KapakTepucTmke comatotponHux (MX) n ponmkyno-
crenatHux (OC) henwja xunoduse myluKapaLa TOKOM CTapetba.
Metope Ha xuctonowkmm npeceyyma xunodrse 14 MyLukmnx
KapaBepa pasnuunte ctapoctu, X n OC henuje cy umyHoxmc-
TOXeMujcKu obenexxeHe ogrosapajyhum aHTutennma (MoHo-
KNIOHCKO aHTW-TX aHTUTENOo 1 MOAMKIOHCKO aHTK-C100 aHTK-
Teno). imyHonosutreHe X n OC henuje cy mopdomeTpujckm
aHanusmpaHe kopuwherem codptBepa Image..

Pesynratu [JobujeHn pe3yntatn MopdomeTpujcke aHanmse cy
roKasanu a ce NoBpLUMHa Kojy 3ay3umajy X henvje 3HauajHO
nosehasa ca ctapetbeM. Y oBUM henvjama HykneapHo-LuTon-

DOI: https://doi.org/10.2298/SARH211214044C

Na3MaTCKM OAHOC Ce MOCTENEHO CMakbMBao U HakoH 70. rogu-
He CTapOoCTV NOCTao 3HauajHo Behu. BonymeHcka ryctmHa MX
henwja ce Huje Merana TOKOM CTapekba, JoK je kog OC henwja
0Baj NapameTap 3HauajHo nosehaH y ciyyajeBrMma cTapujum og,
70 roguHa. HykneapHo-uutonnasmatckm ogHoc X henuja je y
HeraTMBHOj Kopenauuju ca BonymeHckom ryctHom OC henvja.
3aKk/byuyak Ha ocHoOBY fo6ujeHmx pe3ynTaTa 3aKkibyuniy cMo
Aa ce xuneptpoduja X n O®C henvja jaBrba Koa MylLKapaLa ca
CTapereMm 1 Aa Kopenauuja nsmehy moppomeTpujckux napa-
MeTapa oBa [Ba Tuna henwja ykasyje Ha brxoBy MefhycobHy
NHTEpaKLKjy.

KrbyuHe peun: ctapeme; mywkapuy; X hennje; ®C henuje;
numyHoxuctomopdometpuja

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):274-281



DOI: https://doi.org/10.2298/SARH211103037C

UDC: 616-056.7:616.61-78-056.24(497.113)

ORIGINAL ARTICLE / OPUTHANTHW PA
High risk population screening for Fabry disease in
hemodialysis patients in Vojvodina — pilot study
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SUMMARY

Introduction/Objective Fabry disease (FD) is an X-linked lysosomal storage disease that develops as a
consequence of mutation in the alpha-galactosidase A (GLA) gene. There are more than 1080 known vari-
ants in the GLA gene. Some of them are pathogenic, but most of them are benign or represent the genetic
change that can be classified as a genetic variant of unknown significance or simply be a representation of
genetic polymorphism. There are two main features of FD, classic form and late-onset variants of disease.
The main target organs in patients with FD are the kidneys, heart, and nervous system. Bearing in mind
the fact that FD is a rare disease, the best way for active searching of patients is high-risk population
screening, after which family screening for every proband case should be performed.

Methods In this paper, we present results of a multicentric pilot study that represents findings from the
screening of hemodialysis patients for FD in six hemodialysis units in Vojvodina.

Results We have found one patient with benign mutation and 16 patients with genetic polymorphisms
in GLA gene. We have learned that genetic changes in GLA gene can be frequent, but very rarely are of
clinical significance and lead to manifestations of FD.

Conclusion Results of this screening study will give us important insights into our future work.
Keywords: Fabry disease; hemodialysis; high-risk population screening

INTRODUCTION

Fabry disease (FD) (OMIM 301500) is an
X-linked lysosomal storage disorder caused
by mutations in the GLA gene that result in
markedly reduced or absent activity of the en-
zyme a-galactosidase A (a-Gal A, EC 3.2.1.22).
This leads to the intracellular accumulation of
substrates like globotriaosylceramide (Gb3)
and also its deacylated derivative globotriao-
sylsphingosine (lyso-Gb3). Lyso-Gb3 is a valu-
able biomarker and speaks mainly about the
burden of FD, since it reflects the severity of
disease and also corresponds well with tissue
accumulation of Gb3. So, Lyso-Gb3 is of great
importance in establishing the diagnosis of
FD, but also in assessing the disease severity
and therapeutic monitoring [1-4]. Until now,
more than 1080 variants in the GLA gene have
been identified in the Human Gene Mutation
Database (HGMD) [5]. Some of them are
pathogenic but others are benign or represent
genetic change that can be classified as a ge-
netic variant of unknown significance. After the
findings of genetic change in GLA gene in each
patient, we can scroll through the HGMD and

seek information about the clinical significance
of found mutation [1, 5, 6].

Prevalence of FD is in the range of 1:40,000-
1:117,000 live male newborns, but the exact
prevalence is very hard to establish due to the
very heterogeneous nature of the disease (even
within a group of patients with the same ge-
netic variant) and lack of awareness about the
disease [7]. In contrast to other X-linked dis-
eases, in which females can only be carriers, in
FD females may be as severely affected as male
patients [8]. There are two basic phenotypes of
FD: a classic form of the disease that is mainly
associated with deletions, frameshifts and non-
sense variants in the GLA gene, and late-onset
variants of FD that are associated with missense
variants in the GLA gene [9]. The classic form
of FD starts at a younger age with earlier mani-
festations on target organs (the heart, kidneys,
nervous system) and usually with some other
clinical presentations of the disease, like cornea
verticillata, angiokeratomas and acroparesthesia
(burning sensations on hands and feet). On the
other hand, later-onset variants are becoming
clinically evident later in life, with cardiomyopa-
thy and/or nephropathy alone [1]. Diagnostic
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criteria for FD require the confirmation of low enzyme
activity and presence of genetic variants in the GLA gene
for male patients or GLA gene variants for female patients
together with characteristic clinical features of the disease
and/or a family member with the diagnosis of FD and/
or elevated plasma lyso-Gb3 level [10]. In some cases of
suspected FD target organ biopsy should be performed,
with electron microscopy analysis of the tissues, so typi-
cal cellular inclusions, “zebra bodies,” can be found [1, 2].

The current mainstay of treatment for FD patients in-
cludes the administration of enzyme replacement thera-
py. Nowadays, in clinical practice, there are two available
forms of the drug: agalsidase alpha and agalsidase beta,
with different dosage regimes (0.2 mg/kg intravenously
every other week and 1 mg/kg intravenously every other
week, respectively) but similar therapeutic efficacy. In
some countries, there is also a possibility for oral therapy
with migalastat for some types of amenable mutations [11].

There are only six established cases of FD in Serbia,
for now. The exact number of FD patients in our country
is hard to establish, but should probably be in the range
of 50-100 patients. One way of finding of FD patients is
high-risk population screening which represents an active
search for FD patients in certain patient populations like
hemodialysis patients, patients with hypertrophic cardio-
myopathy of unknown/uncertain origin or patients with
an early stroke (before the age of 55).

FD often remains undiagnosed according to the preva-
lence calculated in some studies because of the hetero-
geneous nature of its clinical manifestations. The clinical
diagnosis of both phenotypes (classic form and late-onset
variants) is challenging, since many of the main symp-
toms and signs are common in other diseases, and the time
between the first symptoms and the settling of diagnosis
can take more than ten years [1, 10]. Therefore, the pre-
cise establishment of the molecular-genetic diagnosis and
the earliest possible treatment is essential to avoid signifi-
cant disease progression. Molecular analysis of FD is also
crucial for segregation studies, enabling early diagnosis
of family members with pathogenic variants in the GLA
gene allowing monitoring before the first symptoms ap-
pear, and therefore promoting better disease management.

The aim of this study was to perform molecular-genetic
analysis of FD in the group of hemodialysis patients to
provide an early application of appropriate therapy as well
as the provision of genetic advice to families with a high
risk for the birth of a child with FD.

METHODS

After the approval of ethic committees from every institu-
tion which participated in the screening program and the
signing of full informed consent by every patient who partic-
ipated in the study, we performed a multicentric pilot study
from December 2020 until May 2021. The study was based
on a FD screening of patients in six hemodialysis centers
from different parts of Vojvodina (Stara Pazova, Pancevo,
Kikinda, Subotica, Backa Palanka and Sremska Mitrovica).

‘ DOI: https://doi.org/10.2298/SARH211103037C

Celi¢ D. et al.

At the time of the screening process, these hemodialysis
centers had a dialysis population of 529 patients in total (58,
135, 82, 70, 64, and 120, respectively). Patients eligible for
screening were male patients under 55 years of age and with
an unknown cause of end-stage renal disease (ESRD), as well
as female patients of all ages and unknown cause of ESRD.
Because of the variable clinical presentations of FD we ana-
lyzed the presence of other clinical manifestations, besides
ESRD, that can be a part of the clinical spectrum of FD in
our patient eligible for screening process (left ventricular
hypertrophy (LVH), stroke before the age of 55, existence
of white matter lesions, cornea verticillata, angiokeratoma,
tinnitus, hearing loss, heat or cold intolerance, postprandial
pain, acroparesthesia, hypo-, or hyperhidrosis). The screen-
ing protocol for FD was based upon genetic analysis of pe-
ripheral blood from 117 selected patients. Genetic analysis
was performed at the Institute of Molecular Genetics and
Genetic Engineering, University of Belgrade.

In patients with genetic polymorphisms or genetic
variants of unknown significance in the GLA gene, we
performed biomarker (Lyso-Gb3) analysis in Centogene
(Centogene Rostock, Germany) from the blood of our
participants through dried blood spots (DBS, CentoCard,
Centogene) analysis with the liquid chromatography mass
spectrometry method (HPLC-MS/MS; Thermo Fisher
Scientific, Waltham, MA, USA).

Detection of genetic variants in the GLA gene

Genomic DNA was isolated directly from whole peripheral
blood using QIA amp DNA Blood Mini Kit (QIAGEN, Hilden
Germany), and quantified with a Qubit® 3.0 Fluorimeter
(Thermo Fisher Scientific) and Qubit™ dsDNA HS Assay Kit
(Thermo Fisher Scientific). All seven exons and flanking in-
tron regions of the GLA gene (GenBank: NM_000169.3) were
individually PCR amplified using PCR System (Eppendorf,
Master cycler Nexus, Hamburg, Germany). Primers were
designed in the way that an average length of fragments was
between 400 and 700 bp and that all known single nucleotide
polymorphisms were avoided. We used different online avail-
able tools: single nucleotide polymorphisms Check [http://
www.ngrl.org.uk], OligoAnalyzer [http://www.idtdna.com/
pages/tools/oligoanalyze r], In silico PCR [http://genome.
ucsc.edu]. A list of all primers is given in Table 1.

Reactions were carried out in a final volume of 25 ul
containing 100 ng of genomic DNA, 1 x PCR buffer (with
Mg*), 1 x Q solution, 1.0 mM MgCl,, 0.2 mM dNTP each,
1 U of HotStarTaqg DNA" Polymerase (QIAGEN, Hilden,
Germany), 10 pmol of each primer and distilled water.
Cycling conditions for PCR were as follows: initial dena-
turation at 95°C for 15 minutes; 30 cycles at 94°C for 30
seconds, 54°C for 30 seconds, and 72°C for one minute,
followed by a final extension at 72°C for five minutes.

All PCR fragments were directly sequenced using the
Big Dye terminator cycle sequencing kit and the ABI
PRISM 310 automated sequencer (Applied Biosystems Life
Technologies, USA). Segregation analysis was performed
in families when it was possible to determine the carrier
status of detected genetic variants.
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Fabry disease in hemodialysis patients

Table 1. List of all primers used for amplification of coding and flanking
regions of alpha-galactosidase A (GLA) gene

rl:rairr::r Sequence 5'-3' Ligg)th
GLA _ex1_F 5'-AGCGGAACGTCTTACGTGAC-3

GLA_ex1_R 5 -CGGGACAGTTTGCTGGG-3" >22
GLA_ex2_F 5'-AGGGCGGGAATATTAACGGG-3'

GLA_ex2_R 5'-GTTACAGGCGTTCACCACC-3° 620
GLA_ex3_F 5'-CTAGCTCAGCAGAACTGGGG-3

GLA_ex3_R 5 -GAGATGGGAGCTCTGGCAC-3" >
GLA_ex4_F | 5-GGGAAGCTGAGACAGAAGAGTC-3°
GLA_ex4_R 5'-CCAGGTGATGGTAGCTTAGGC-3 77
GLA_ex5_F | 5 -GGTTTAGACCTCCTTATGGAGACG-3
GLA_ex5_R | 5-GCATCCTGCTCTAAGTACTCTCAC-3 420
GLA_ex6_F | 5-GTGAGAGTACTTAGAGCAGGATGC-3
GLA_ex6_R 5'-AGCAACTAGTGATAAGTGGCCC-3 >
GLA_ex7_F 5'-CAATACCAACTTTGTCTTGGGCC-3
GLA_ex7_R 5°-AGGCGGGTCTCAAAGTCC-3° o7

Table 2. Patients involved in Fabry disease screening per hemodialysis
(HD) center

= 2 = @ = s =

] fEc | sE| BE

22| E2 En <0 kS g
HD center So | 55| 85| ©d %=

ST | 85 | 25 g c <3

ET 58 28] 3% =

S = &

Backa Palanka 64 4 18 22 55.4+6.4
Stara Pazova 58 3 2 5 36.2+7.5
Kikinda 82 5 8 454 +7.1
Subotica 70 5 9 14 51.2+6.3
Sremska Mitrovica | 120 13 29 42 55.7+4.4
Pancevo 135 10 16 26 47.7 +7.5
In total 529 40 77 17 48.6 + 6.3

RESULTS

Hemodialysis, together with peritoneal dialysis and kidney
transplantation, represents methods of renal replacement
therapy. There are 16 hemodialysis centers in Vojvodina,
with around 1600 patients. From the yearly reports of

Table 3. Comorbidities in patients involved in Fabry disease screening

the Registry of Serbian Society of Nephrology, we have
learned that around 8% of patients with ESRD in Serbia
have chronic kidney disease of unknown etiology [12].

FD is a rare disease that physicians usually don’t think
about in their everyday clinical practice. Having in mind
that hemodialysis patients belong to a high-risk popula-
tion group for FD, we decided to perform a pilot study
of screening for FD patients in hemodialysis centers in
Vojvodina. According to the previously mentioned crite-
ria for screening eligibility, we have screened 117 patients
(40 females) from the aforementioned hemodialysis units
with a total dialysis population of 529 (22%) (Table 2).
The majority of screened patients had LVH (63.2%), but
stroke before the age of 55 and white matter lesions were
rare (4.3% and 2.6%, respectively). Around one-fifth of
screened patients also had tinnitus, hearing loss, heat or
cold intolerance, postprandial pain and acroparesthesia.
Complete list of comorbidities is given in Table 3.

In this study, we conducted the genetic analysis of 117
patients suspected of FD, and the GLA sequencing revealed
only one male patient (with a frequency of 0.8%) with a
variant in a coding region (p.Asp313Tyr), 16 patients
(13.7%) had only non-coding variants, while 100 subjects
had no variants in the analyzed regions (85.5%). All de-
tected genetic changes were previously described in the
literature. Five different combinations of number of cited
variants, described as complex intronic haplotypes (CIHs),
in the GLA gene were identified in our group of subjects
(Table 4 and 5). The most frequent haplotype is formed by
the four variants c.-10C>T, ¢.370-81_370-77del CAGCC,
€.640-16A>G, ¢.1000-22C>T, and was detected in eight
of 117 (6.8%) patients. Lyso-Gb3 biomarker levels were
within normal range in each tested patient, so all genetic
changes we have found could be accounted for nonpatho-
genic.

DISCUSSION

FD is a rare systemic metabolic disorder that leads to the
accumulation of lipid substrates in lysosomes in various
tissues and organs. Having in mind a fact that most im-
portant target organs in FD patients are kidneys, heart

Comorbidities Backa Palanka Stara Pazova Kikinda Subotica Sremska Mitrovica | Pancevo In total
(N=22) (N=5) (N=8) (N=14) (N=42) (N =26) (N=117)
t?ge"r‘i?;gf]‘;'ar 12 (54.5%) 2 (40%) 3(37.5%) | 6(42.8%) 28 (66.7%) (92?% ) ( 63?;‘% )
geggk)’/'e‘;‘i“”'a””c'de“ts 2 (9%) 0 1025%) | 1(7.2%) 1(2.4%) 0 5 (4.3%)
White matter lesions 1 (4.5%) 0 1(12.5%) 0 0 1 (4%) 3(2.6%)
Cornea verticillata 0 1(20%) 0 0 1(2.4%) 1 (4%) 3(2.6%)
Angiokeratoma 0 0 0 2 (14.4%) 1(2.4%) 0 3 (2.6%)
Tinnitus 3(13.5%) 1(20%) 1(12.5%) 9 (64.3%) 2 (4.8%) 7 (27%) 23 (19.7%)
Hearing loss 8 (36.4%) 0 1(12.5%) 2 (14.4%) 6 (14%) 4 (15%) 21 (18%)
Heat/cold intolerance 1 (4.5%) 2 (25%) 8(57.2%) 1 (2.4%) 8(31%) 20 (17%)
Acroparesthesia 0 2 (40%) 2 (25%) 2 (14.4%) 6 (14.3%) 13 (50%) 25 (21.4%)
Hypo-/hyperhidrosis 0 1 (20%) 0 3(21.4%) 7 (16.4%) 0 11 (9.4%)
Post prandial pain 2 (9%) 3 (60%) 1(12.5%) 2 (14.4%) 3 (7%) 16 (62%) 27 (23%)
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Table 4. The summary of complex intron haplotypes found in patients with suspicion of Fabry disease
] K Patients
Genes Alpha ehllaioietss A Variant/Haplotype
region N=117 %
Variant 1 5'UTR c-10C>T 2 1.7
complex ntronic S'UTR intron 2,intron4, | ¢ 1057, ¢370-77_-81delCAGCC, c640-16A>G, 1000-22C>T | 8 | 658
haplotype 1 intron 6
Complex intronic . . . ¢.370-77_370-81delCAGCC, c.640-16A>G,
haplotype 2 intron 2, intron 4, intron 6 €1000-22C>T 4 34
Complexintronic 5'UTR, intrond C-12G>A, 639+68A>G 1 08
haplotype 3
Complexintronic S'UTR, intron 2,intron4, | ¢ 1G>, ¢370-77_-81delCAGCC, c.640-16A>G, c.1000-22C>T | 1 | 038
haplotype 4 intron 6
Table 5. Genetic changes in alpha-galactosidase A gene in our patients
Patient | Gender | Age |Genetic change Importance
1. Q 44 Incomplete CIH (c.-10C>T (g.1170 C>T)) Polymorphism
2. ) 51 | p.Asp313Tyr (D313Y) Benign
3 o 61 CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G Polymorohism
: ¥ (g.10115A>G), €.1000-22 C>T (9.10956 C>T)) ymorp
ClIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
4 ? 32 1(g.10115A5G), ¢.1000-22 C>T (10956 C>T)) Polymorphism
ClIH (c.- 10C>T (g.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
> ? 32 | (9.10115A5G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
Q
6. ¥ 47 1(9.10115A>G), .1000-22 C>T (10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
/ ? 44 1(5.10115A5G), €.1000-22 C>T (910956 C>T)) Polymorphism
8. Q 53 Incomplete CIH (c.-10C>T (g.1170 C>T)) Polymorphism
CIH (c.- 10C>T (g.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
2 d 31 1(9.10115A5G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
CIH (c.- 10C>T (9.1170 C>T), ¢.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G .
10. 3 46 1(3.10115A5G), €.1000-22 C>T (10956 C>T)) Polymorphism
11. Q 35 Incomplete CIH (c.-12G>A (g.1168 G>A), c.639+68A>G (9.8479>G)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), .640-16A>G (g.10115A>G), .
12 ? 63 | ¢1000-22 C>T (10956 C>T)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G (g.10115A>G), .
13. 3 44 1 £1000-22 C>T (g.10956 C>T)) Polymorphism
Incomplete CIH (c.370-77_-81delCAGCC (g.7188-7192 del5), c.640-16A>G (g.10115A>G), .
14. 3 29| £1000-22 C>T (g.10956 C>T)) Polymorphism
15. 3 33 CIH (c.-12 G>A (9.1168 G>A), ¢.639+68A>G (9.8479>G), ¢.1000-22 C>T (g.10956 C>T)) Polymorphism
16. Q 66 | Incomplete CIH (c.370-81_-77delCAGCC (g.7188-7192del5), c.1000-22C>T (g.10956C>T)) Polymorphism
17 o 53 Incomplete CIH (c.-12G>A (9.1168 G>A), ¢.370-81_-77delCAGCC (g.7188-7192del5), Polvmorphism
¥ €.639+68A>G (g.8479>G), ¢.1000-22 C>T (g.10956 C>T)) ymorp

and brain, most of the screening programs worldwide are
directed at patient populations on renal replacement thera-
pies, patients with LVH on unknown origin and patients
with early cerebrovascular incidents.

In this paper we have summarized the efforts from
our pilot study in the screening of hemodialysis patients
from six hemodialysis centers in Vojvodina. In different
screening studies on patients in hemodialysis units the
prevalence of GLA mutations was up to 0.87% [13, 14],
but if only pathogenic mutations were checked for, then the
prevalence of FD dropped to around 0.14-0.3% [15]. Some
screening programs are oriented just on male patients
which is unacceptable, since female patients can be as se-
verely affected as their male counterparts. Inconsistency
of genotype—phenotype correlation in females is due to
X-chromosome inactivation.

Detection of genetic variants in the GLA gene is es-
sential to confirm the clinical diagnosis of FD [16]. In the
present study, we sequenced the entire GLA gene including

‘ DOI: https://doi.org/10.2298/SARH211103037C

coding regions and flanking intron sequences to find alter-
ations that could explain observed FD-like characteristics
in our group of subjects. In 13.7% (16 of 117) of subjects,
we identified five different combinations of CIHs in the
GLA gene. The most frequent (6.8%) was the haplotype
consisting of four variants (c.-10C>T, ¢.370-81_370- 77del-
CAGCC, ¢.640-16A>G, c.1000-22C>T), which coincides
with the results of other studies, where the frequency of
this haplotype varied 8.9-3.4% in subjects with clinically
suspected FD [17, 18].

According to van der Tol et al. [19], the prevalence
of pathogenic variants in the GLA gene is 0.12%. When
variants of uncertain significance (VUS) are included, this
number increases to 0.62%. The frequencies reported in
our study do not reflect the Van der Tol data since these
intronic variants have been reported as polymorphic vari-
ants in the general population and, as in most cases, have
been observed individually rather than in haplotypes.
Furthermore, most studies perform sequencing only

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):281-287
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Figure 1. Diagnostic algorithm for Fabry disease patients with end-stage renal disease

through coding regions of the GLA gene and thus fail to
detect heterozygosity in intron regions [20]. Depending
on the sequencing design, CIHs often remain unidentified
since these regions are not investigated routinely by gene
sequencing; consequently, the prevalence of FD may be un-
derestimated [21]. Previous reports have found that CIHs
can be associated with different clinical manifestations
reflecting mild renal, neurological, and cardiac disorders
[22-25]. However, measuring the level of biomarker Lyso-
Gb3 in DBS showed the normal level in all tested patients
with detected CIHs in this study. Our results are in agree-
ment with the findings of Ferri et al. [18], in which are
detected seven different GLA haplotypes in control males,
indicating that these CIHs are not involved in the develop-
ment of FD manifestations. But Gervas-Arruga et al. [21]
suggest that in patients with CIHs, environmental factors,
as a pro-inflammatory state, in addition to the accumu-
lation of Gb3 may influence the symptoms. Moreover, it
has been shown that DBS lyso-Gb3 levels are not solely

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):281-287

enough for defining diagnosis of FD and that secondary
analysis should be made, due to possible false-positive
or false-negative results. The estimated sensitivity of the
HPLC-MS/MS method used for measuring DBS lyso-Gb3
levels is 67%, which indicates the limits of accurate/precise
screening outcomes [26]. Hence, the lack of abnormality
in Lyso-Gb3 levels is not a reliable parameter for excluding
FD. Therefore, further analysis, such as gene expression
analysis, should be performed to confirm or reject the FD
diagnosis in subjects with detected CIHs in the GLA gene
and doubtful diagnosis of disease.

High-risk population screening program represents
the best and the easiest way of finding a new FD patient.
A diagnostic algorithm can be proposed for screening of
patients with ESRD in hemodialysis centers (Figure 1). It
is based on the appropriate usage of enzyme activity test-
ing, genetic testing as well as other types of testing that
can helped physicians in determining the significance of
tindings during screening process. This algorithm can also

www.srpskiarhiv.rs ‘
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be used for patients with milder degrees of chronic kidney
disease. In male patients, first step should be enzyme test-
ing, and if needed (when enzyme levels are below normal
values), further genetic testing should ensue, while in sus-
pected female FD patients genetic testing should be the
first step due to the well-known process of X-chromosome
inactivation.

After appropriate high risk population screening is
performed, on every index case one could find 3-5 new
cases during family screening that should comprise three
generations in the family tree.

Having in mind the fact that the prevalence of a patho-
genic mutation in the GLA gene is very low in hemodi-
alysis population, there is a place for future investigations
since the total number of patients on hemodialysis in
Vojvodina is around 1600 and in Serbia around 5500-6000
patients [12].

CONCLUSION

The challenges in the establishment of the precise diagno-
sis of FD and indications for treatment are part of today’s
clinical practice. In the literature has been described that
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CKPUHUHT BUCOKOpU3UYHE nonynauuje Ha Pabpujesy bonect mehy
XemogmjanusHum 6onecHuymma y Bojsoautu

[JejaH henuh'? Cotba MaBnosuh?®, AHuta Ckakuh?, Jenuua ByueHosuh?, [iparaHa Mununosuh?®, Cotba fonybosuh'?,
TaTjaHa Crojwmh®, Onueepa Munuhesuh’, lopaH BojuHosuhe, CeetnaHa Jyanh?®, Jlaga Metposuh'?, irop Mutuh'?

'KnuHnykn ueHTap BojogunHe, KnuHika 3a Hedponorujy 1 KnuHuuky umyHonorujy, Hosu Cag, Cpbuja;
2YHuBep3uTteT y HoBom Cagy, MeanunHckn dakyntet, Hosu Cag, Cpbuja;

3YHneep3uTeT y beorpagy, IHCTUTYT 3a MONeKynapHy reHeTUKY 1 FeHETUYKO NHXerepcTBo, beorpan, Cpbuja;
‘Onwra 6onHnua Cpemcka Mutposuug, LieHTap 3a xemopgujanusy, Cpemcka Mutposuua, Cpbuja;

*[lom 3gpaema,[p MnageH CrojaHoBUR", LieHTap 3a xemopaujanu3y, bauka Mananka, Cpbuja;

¢Onwrta 6onHuua Cy6otnua, LieHTap 3a xemogujanuy, Cy6otuua, Cpbuja;

’Onwta 6onHuua KnknHga, LieHTap 3a xemopujanusy, Kukunga, Cpbuja;
0nwra 60nHuLa MaHueBo, LieHTap 3a xemogujanu3y, MaHueso, Cpbuja;
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CAXETAK

YBoa/LUnmw Dabpujesa 6onect (DB) X-Be3aHa je N1n3030MHa
60necT cKnaguLTerba Koja Ce pa3Buja Kao nocneuua MyTa-
umje reHa anda-ranakrosugase A ([T1A). MocToju BuLwe o 1080
No3HaTux BapujaHTy reHa [TTA. Hekun of Hbux Cy natoreHu, anu
BehrHa ux je 6eHNrHa nny NpeacTaBbajy reHETCKY NPOMEHyY
Koja ce Moxe KJlacuduKoBaTh Kao reHeTcka BapujaHTa Heno-
3HaTOr 3Hayaja U1 jeRHOCTaBHO NPeACTaB/baTh FeHETCKN NON-
mopodrzam. MocToje ABe rnaHe KapakTepucTuke OB, KnacuuHm
061K 1 KacHuje BapujaHTe 6onecTu.

[MaBHY LU/bHY OpraHn Kop 6onecHrKa ca oBom 6onelwhy cy
6y6pesu, cpue 1 HepsHM crucTeMm. Mimajyhn y Bugly untbeHumuy
na je Ob peTtka 6onecT, HajbosbK HauVH 3a aKTUBHY NpeTpary
60J1eCHVIKa je CKPVMHMWHT NorynaLmje BUCOKOT pU3MKa, HaKoH
yera 61 Tpebano U3BPLLINTV NOPOANYHY CKPUHVHT 3a CBaKM
cnyyaj npobaHga.
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MeTope Y oBOM pagy npeacTaB/baMo pesyntate MynTULeH-
TPUYHEe NUIOT CTyAWje Koja NpeAcTaB/ba Hasla3e CKPUHUHIA
6onecHrKa Ha xemogujanvsm Ha OB y WecT XeMoAWjanu3HNX
LieHTapa y BojsoanHn.

PesynTatm VipeHTndurKoBaH je jesaH 6onecHnk ca 6eHurHom
MyTaLMjoM 1 16 6onecHMKa ca reHeTCKM NoAMMOPGr3MOM
reHa [J1A. YTBpAuAn cmo fa reHeTcke npomeHe Ha reHy 1A
Mory 6UTK YecTe, anu Cy BeOMa PETKO Of KIIMHUYKOT 3Havaja 1
peTko foBoge Ao MaHudecTaumja OB.

3akrbyu4ak Pe3yntati oBe CKpyHUHT cTyauje he Ham omoryhu-
TV yBug y npeBaneHuunjy ®b y xemogujanusHoj nonynauuju v
ycmepuTu Haw 6yayhi pag.

KmbyuHe peun: ®abpujeBa 6onecT; xeMoaujansa; CKOUHUHT
nonysnauuje BUCOKOT pUsnKa
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and left anterior descending artery doses to
cardiovascular diseases developed eight years after
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SUMMARY

Introduction/Objective Left breast cancer patients undergoing radiotherapy are at higher risk of car-
diovascular diseases (CVD), as a partial volume of the heart is anatomically close to target volume. This
may cause CVD in the years following cancer treatment.

The aim of this work was to develop a scoring system which identifies patients with increased risk of
development of CVD, as a consequence of the left breast irradiation.

Methods The patients followed up in this study were treated during 2009. Eight years later, they were
invited to participate in a study where they underwent a cardiology evaluation. Their current condition
was statistically correlated to the doses received by their heart and left anterior descendant artery (LAD).
Results Out of 114 patients, 31 women were evaluable for cardiology assessment. Out of these 31 sub-
jects, six women were with a history of CVD before cancer treatment. Four women never developed any
kind of heart associated disease, while in the other 27, newly onset CVD were diagnosed ranging from
hypertension to myocardial infarction, strongly positively correlated to doses to heart and LAD (p = 0.003).
Severity of developed cardiovascular toxicity was formulated through the correlation of mean heart and
mean LAD doses with CVD developed in the form of a scoring system.

Conclusion The doses to critical organs depend on patient anatomy and technique of irradiation. The
cardiovascular complications are proven as consequence of radiotherapy. Scoring system based on doses
received by heart and LAD is a reliable tool in predicting CVD.

Keywords: cardiotoxicity; computer-assisted radiotherapy planning; left-sided breast cancer; radiotherapy

INTRODUCTION

Breast cancer is a global health care problem
worldwide and in the Republic of Serbia: 26% of
all new cancer cases in Serbian female popula-
tion were breast cancer patients, where approxi-
mately half of them are left-breast patients [1, 2].

Cardiovascular diseases (CVD) are the first
cause of death worldwide according to the World
Health Organization. Together, malignant and
CVD are the cause of 3/4 of all deaths (both
sexes, all ages) in Serbia, where CVD are re-
sponsible for 52.1% and cancer for 22.8% of all
deaths [3]. Incidences of both diseases are rising.

Radiation therapy of the breast is known
to contribute to CVD, and has been reported
as a possible cause of cardiac mortality since
1950s [4].

Due to increased reporting on correla-
tion between cancer therapy and CVD,
the European Society of Cardiology and
International Atomic Energy Agency have pub-
lished documents on the cardiovascular toxic
effect of cancer therapy, including radiotherapy

and chemotherapy summarizing evidence [5,
6]. Increase in number of patients receiving
chemotherapy and radiotherapy, earlier detec-
tion of disease and longer survival, lead to an
increase in the number of new patients in car-
diology, and may pose a global future problem.

The implementation of modern radiation
therapy techniques has significantly lowered
the dose to the heart and to the left descending
coronary artery (LAD) both often very close
to target volume. The usual doses to these two
structures are far above 0.5 Gy, stated as limit
in International Commission on Radiological
Protection (ICRP 118).

The objective was to assess the toxic effect
to these structures in our patient set, from ra-
diotherapy aspect. The constraints given in the
literature were very limited, so we conducted
a retrospective analysis of treatment plans and
patient conditions, to determine scoring system
based on threshold values of mean heart dose
(MHD) and mean LAD (MLAD) dose that
would have clinical significance for develop-
ment of CVDs.
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METHODS

The subjects were patients with left breast cancer treated
during 2009. The Radiotherapy department of our Institute
was equipped at that time with two linear accelerators,
by Varian Medical Systems, Clinac series (Palo Alto, CA,
USA). The computed tomography simulator was manufac-
tured by Siemens (Munich, Germany). The treatment plan-
ning system XIO used was manufactured by Computerized
Medical Systems (nowadays Elekta, Stockholm, Sweden),
and the dose was calculated by the convolution algorithm.
Treatment plans were generated using a 6 MV beam, which
was verified according to the International Atomic Energy
Agency recommendations [7, 8].

The treatment planning strategy at that time was two
opposed tangential fields with enhanced dynamic wedges,
and sub-fields [9].

Patients were immobilized on the Wing board® (Civco,
Coralville, IO, USA) or Thorawedge® (Civco). Radiation
oncologists delineated the target volume (breast), both
lungs, and the heart. The LAD was not delineated at the
time of treatment. Dose prescribed to the center of the
breast (The International Commission on Radiation Units
and Measurements reference point) was 50-60 Gy, with or
without boost and supraclavicular lymph nodes, depend-
ing on the type and stage of the disease. Treatment plans
were evaluated based on dose volume histograms. Patient
position was verified before the first fraction on a portal
imaging device and then checked weekly.

The patients in this study were invited eight years after
cancer treatment, to a clinical cardiological examination.
Out of the 114 patients invited, 31 attended examina-
tions, while others either did not answer, or members of
the family reported their death (three patients). Out of
the subset of 31 women who responded to the cardiology
examination and finally entered the study, 27 women were
confirmed with CVD and only four women had never had
any kind of CVD.

Patient’s cardiology assessment consisted of a physical
examination, an electrocardiogram, an echocardiography,
an exercise stress test and included further diagnostic
and therapeutic procedures. echocardiography evaluated
atherosclerotic changes of aortic walls, aortic valves, left
atrium dimension and volume; mitral valve; left ventricle
walls and dimension, systolic (ejection fraction) and dia-
stolic function; cavities of the right heart and systolic pres-
sure and systolic function of the right ventricle; pulmonary
artery and valve as well as pericardium. The stress tests
were conducted for patients with symptoms of coronary
artery disease or an irregular heart rhythm (arrhythmia).
The overall conclusion of cardiologist for each patient was
included in data analysis.

At the time of treatment planning in 2009, the LAD
artery was not contoured. Since LAD cannot be visualized
reliably on computed tomography images made for treat-
ment planning, radiation oncologists delineated the LAD
structure on the de-archived plans according to guidelines
and clinical atlases, and the heart [10, 11]. The physicists
re-calculated treatment plans by the clinical version of the
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treatment planning system XIO (Elekta) to obtain doses to
these two new structures (heart and LAD).

Figures were generated by the software Origin Pro 8.0
(Northampton, MA, USA).

The patients at the hospital are treated according to
the approved clinical radiation therapy protocols, by the
Ethical board. Every patient signed approval for their treat-
ment, and the cardiological study was purely volunteered.
Patients examined by cardiologists got their cardiologist
report, and also signed approval before any treatment was
initiated based on findings from this study.

RESULTS

The patients were identified from the hospital registry,
with their clinical data.

There was in total 114 left breast cancer patients irradi-
ated during 2009, of which 92 could be successfully de-
archived seven years after treatment, and returned to the
treatment planning system, without any errors during the
de-archiving procedure. Out of this number, 86 patients
could be recalculated without an error in the treatment
planning system. Six plans had unknown calculation error.
Finally, 31 patients responded to the appointment with
cardiologist at the time when study was conducted and
were included in dose/CVD evaluation.

At the time of the treatment, age distribution was as
follows: there were no patients younger than 30 and older
than 80. Four patients (3.5%) of 114 patients were in their
30s, 28% of patients in their 40s, 30.7% patients in their
50s, 34.3% patients in their 60s and 3.5% of patients in
their 70s.The mean age of female left breast patients during
the year 2009 was 60.9 years.

The distribution of diagnosis was as follows: most of
the 114 patients had ductal carcinoma (55.3%), medullar
carcinoma was present in 4.4% patients, lobular carcinoma
in 9.6%, mixed type in 3.5%, tubular, micropapillary and
mucinous in 0.9%. In 28 patients (24.6%) there were no
data on the type of carcinoma.

When the tumor grade was evaluated in the group, there
were 11% of patients with G1 grade, 28% of patients with
G2 grade, 13% of patients with G3 grade, while no data
was present for 52% of the patients.

There were no records in the hospital database about
CVD risk factors associated with heart diseases prior to
cancer treatment.

The chemotherapy drugs before, during and after radia-
tion therapy were: 32% patients received two drug com-
bination, mainly FAC and tamoxifen, 6% received three
drugs, 0.9% had four drugs, while one drug was received by
32% of patients, mainly tamoxifen; 3.5% did not have che-
motherapy at all, while there was no data for 24.5% of the
patients in the system (most likely received chemotherapy
in local hospitals). The chemotherapy agents used were
as follows: fluorouracil, doxorubicin, cyclophosphamide;
adriamycin and cyclophosphamide; cyclophosphamide,
methotrexate, fluorouracil, tamoxifen, docetaxel, paclitaxel,
bevacizumab, trastuzumab, goserelin. All medicines listed
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Table 1. Doses to heart, LAD, and left lungs (min., max., and mean dose per patient and per cardiologically assessed cohort)

Heart LAD Left lung

B w S . : S . : S 9 :
Mean dose 5 e = £ = s = g S = £ 5= E S = £ = E
range of 29 | EC | EQ | EQ | 3o | EQ | EC | EQ | 22 | EQ | EG | EQ 22

ER = S o S o 9= S 0 S o S o 9 E S 0 S o S v 9 E
heart(@y) | S& | €3 | 2 28| 28| 9% | G4 | 28 22 %3 | a3 | o8| &S

oy o o & o o o o o

0-2 Gy 7 158 | 018 | 4692 | 6542 | 892 | 072 | 3322 | 473 | 488 | 005 | 5946 | 132142
2-4 Gy 8 307 | 027 | 5594 | 7089 | 2156 | 095 | 5397 | 523 | 622 | 011 | 6046 | 1172.63
4-6 Gy 8 492 | 032 | 558 | 65213 | 2539 | 118 | 5511 | 442 | 803 | 0418 | 6071 | 12086
6-14 Gy 8 8.82 07 566 | 8974 | 3057 | 277 | 5565 | 634 | 802 03 579 | 11768
E:ttiae:]‘:ga" 31 46 037 | 5381 | 72717 | 2163 | 14 | 4949 | 518 | 678 | 016 | 5963 | 1219.8

Avg. - average; LAD - left anterior descending artery

ﬂ;? o,

max héart dista n%

beam edge

max lung distance

Figure 1. Beam'’s eye view of the heart (A) and measurements of maxi-
mum heart and lung distance (B)

(fluorouracil, doxorubicin, cyclophosphamide; adriamycin
and cyclophosphamide; cyclophosphamide, methotrexate,
fluorouracil, tamoxifen, docetaxel, paclitaxel, bevacizumab,
trastuzumab, goserelin) have some degree of proven car-
diotoxic effect [4, 12]. It has been confirmed in literature
that tamoxifen cannot be associated with an increased
incidence of heart diseases [13] but is correlated to an in-
creased incidence of venous thrombosis and stroke [14].

‘ DOI: https://doi.org/10.2298/SARH21032803 1P

Radiotherapy treatment

Prescribed doses to the breast were 60 Gy (66.6%) and 50
Gy (33.4%). The prescription to the supraclavicular region
was 50 Gy (36%), while 20.2% of patients received an ad-
ditional boost to the breast (10-12 Gy).

There were 58% patients who were treated to the breast
only, 15% breast with boost, 25% breast with supraclavicu-
lar field and 2% breast, boost and supraclavicular field.

Calculated doses to heart and LAD and volumes are
given in Table 1. The mean doses to the heart volume
ranged among patients between 0.3 Gy and 62.4 Gy, with
average of MHD of 4.6 Gy. The mean volume of the heart
was 727 cm®. As for the left lung, the maximum dose was
65.5 Gy (mean maximum 59.6 Gy), and average mean dose
in the group 6.8 Gy. LAD, which was newly delineated,
after the de-archiving of the treatment plans, received
maximum of 62.1 Gy while the mean dose was 21.6 Gy.
The mean volume of delineated LAD was 5.2 cm®. The
trend of maximum doses to LAD and heart, as well as
lungs follow the increase of mean doses: higher the mean
dose - higher the maximum dose.

Maximum heart distance (distance from radiation field
edge to heart edge) and maximum lung distance (distance
from radiation field edge to chest wall) were measured. The
heart entered the irradiated volume by a mean length of 3.5
cm (but was shielded by multileaf collimator), while the left
lung was included with a mean of 3.7 cm (also shielded by
multileaf collimator). The heart was exposed to open beam
by a mean value 1.4 cm. Measurements were done from
the beam edge and presented in the Figure 1.

Cardiovascular evaluation

In total, 31 patients responded to the appointment with
cardiologist. Out of this number, only four women never
had any kind of heart associated diseases, while in other
27 women CVDs found were ranging from simpler hy-
pertension to very complicated myocardial infarction (in
total three patients). Out of the 31 evaluable patients, six
patients had had a history of CVD before the treatment of
breast cancer. Additionally, eight patients (26%) developed
some form of cardiovascular disease during the first five
years after treatment (phlebothrombosis, cardiomyopathy
and myocardial infarction).
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The data of all examined patients after cancer treatment
are presented in Table 2.

Table 2. Cardiovascular diseases (CVD) in examined patients and com-
plications developed eight years after treatment

given data, we concluded that the results show a scoring
system. Finally, after correlation od CVD group and mean
doses values, our results have showed that patients can be
divided in four scores (1-4) which is presented in Table 3.

Cardiovascular diseases (31 patients) No. 9f patients Table 3. Scoring system developed based on complications and dose
with CVD* received by critical organs
Fypertension 2 Score | CVD complication groups Wizl | LAD ey
Angina pectoris 3 P group dose (Gy) dose (Gy)
Mitral valve insufficiency 2 1 Group 1:ven9us disease and/ x<?2 y<10
Aortic valve stenosis 1 or hypertension
Tricuspid valve insufficiency 2 Group 2: Group 1 plus
- 2 | arrythmia or coronary disease 2<x<3 10<y <20
Venous disease 2 . .
- - (angina pectoris)
Hypertro‘ph|c cardlom}/opathy 6 Group 3: Group 2 plus
Chest pain (Stenocardia) 3 3 | hypertrophy and/or 3<x<5 | 20<y<25
Phlebothrombosis 3 cardiomyopathy
Myocardial infarction 3 Group 4: Group 3 plus
) . 4 | stenocardia/myocardial x>5 y>25
*Some patients had more than one complication X .
infarction

The MHD of examined patients and their MLAD dose
were correlated on Figure 2. The positive strong correla-
tion (r = 0.7772, p < 0.00001) between MHD and MLAD
dose was found.

35

25 - omy

20 all®

Mean LAD (Gy)
o
1
-

Mean heart (Gy)

Figure 2. Correlation of mean heart dose to mean left anterior de-
scending artery (LAD) dose for examined patients

Cardiovascular complications found in analyzed group
were as follows: myocardial dysfunction and heart failure,
coronary artery disease, valvular disease, arrhythmias, ar-
terial hypertension, thromboembolic disease, peripheral
vascular disease and stroke, pulmonary hypertension and
pericardial complications.

Patients were graded according to the cardiotoxicity
grading system given in literature-measured ejection frac-
tion and other findings [14].

According to severity of CVD we divided all patients in
four groups: Group 1 - venous disease and/or hyperten-
sion, group 2 — group 1 + arrythmia or coronary disease
(angina pectoris), group 3 - group 2 + hypertrophy and/
or cardiomyopathy, group 4 - group 3 + stenocardia/myo-
cardial infarction. In the next step, we defined threshold
values for MHD and MLAD for each group. Analyzing
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MLAD - mean LAD; LAD - left anterior descending artery; x - mean heart
dose (Gy); y - MLAD artery dose (Gy); CVD - cardiovascular diseases
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Figure 3. Cardiology complications developed in the examined group
of 31 patient

Score 1 were patients with MHD < 2 Gy and
MLAD < 10 Gy; score 2 — patients with MHD < 3 Gy and
MLAD < 20 Gy; score 3 — patients with MHD < 5 Gy and
MLAD < 25 Gy; score 4 - patients with MHD > 5 Gy and
MLAD > 25 Gy. Our results showed that patients with
MHD < 2 Gy and MLAD < 10 Gy had venous disease
and/or hypertension; patients with MHD < 3 Gy and
MLAD < 20 Gy developed venous disease and/or hy-
pertension plus arrhythmia or coronary disease (angina
pectoris); patients with MHD < 5 Gy and MLAD < 25 Gy
developed venous disease, hypertension, arrhythmia, coro-
nary disease (angina pectoris) and hypertrophy and/or car-
diomyopathy; and patients with MHD > 5 Gy and MLAD
> 25 Gy developed all previous diseases plus stenocardia
and/or myocardial infarction, as shown in Table 3. The
scoring system developed in this work is based on pos-
sible complication severity correlated to doses received
by critical organs in our data, ranging from 1 to 4, and
correlates with the values of doses to heart and LAD found
in literature [11].

The positive correlations between mean doses to heart
and CVD developed (r = 0.9803, p < 0.003), as well as
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Figure 4. Correlation of the mean heart dose, mean left anterior de-
scending artery (LAD) dose in the group and cardiovascular (CVD)
complication scoring system

MLAD and clinical CVD developed (r = 0.9803, p < 0.003),
significant at p < 0.05, was found on Figure 4.

At the time of treatment planning of these patients, only
QUANTEC (Seoul, South Korea) parameters were available
for treatment plan evaluation. According to QUANTEC,
heart and its pericardium should be irradiated within fol-
lowing limits: mean dose < 26 Gy (our results in cardio-
logically examined group was 4.6 Gy), V30 Gy < 46% (our
result 3.4%), and V25 Gy < 10% (our result 4%). LAD dose
is not mentioned in QUANTEC. Lung V20 Gy according
to QUANTEC should be < 30% (our result 10.4%) and
mean dose with least complication probability 7 Gy (our
result 6.8 Gy). Generally speaking, the average treatment
planning dosimetry results in treatment plans were far
below the indicated upper limits for long term cardiac or
pulmonary complication probability, but contrary to the
stated QUANTEC parameters, some form of CVD com-
plications developed in majority of patients.

DISCUSSION

Breast cancer as the most common cancer in women
worldwide, is curable in early stages thus survival can be
long term. Since radiation therapy is an effective tool in the
treatment of breast cancer, where structures in the heart,
such as the LAD, are exposed to radiation, sparing the
heart and its structures becomes significant issue in breast
treatment planning.

It is evident from literature that the risk of major car-
diovascular events becomes more pronounced five years
after radiation therapy and continues to increase even for
three more decades [15, 16]. Other studies reported cardiac
events 10 years after initial radiotherapy treatment. The
worst-case scenario is when irradiation worsens an already
present CVD, or accelerates its appearance in cases where
risk factors are present. Our results are in line with these
findings: out of 31 examined patients, three had myocar-
dial infarction and all of them had previous CVD before
radiotherapy.

‘ DOI: https://doi.org/10.2298/SARH210328031P
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Between treatment and cardiology assessment, three
patients had died, others could not be reached or could not
show up for the appointment, while only 1/3 of recalculat-
ed and 1/4 of the total number of left breast patients treated
in 2009, actually responded to cardiology evaluation.

There is evidence of strong correlation of dose distribu-
tion to the heart with the later developing cardiac effects
which defines the increasing risk of major cardiac effect
by MHD increase by 7.4% per 1 Gy of MHD [16]. The
main strength of this paper is that it clearly correlates the
doses received by the heart and LAD, to the cardiovascular
complications developed after treatment. The cardiological
assessment data of cancer survivors are now used as refer-
ence, for treatment plan strategy and evaluation. The results
presented in our study correlate with published data [11, 17].

The most frequent cardiac problem reported during ra-
diotherapy in the literature is acute pericarditis, pericardial
effusion and arrhythmia [14]. In our investigation, none
of our patients have reported cardiac problems during
their treatment (according to hospital database reports).
However, from the database of our cardiovascular clinic,
there were two patients who requested clinical appoint-
ment immediately after radiation therapy and eight pa-
tients in the following five years.

During radiotherapy treatment planning and deliv-
ery, special attention should be paid to the use of cardiac
shielding opportunities and modern techniques, such that
the dose volume histogram reflects the need for sparing
the heart and heart structures [18]. The implementation of
deep inspiration breath hold (free or assisted) is the easiest
way to naturally shield the heart by increasing the volume
of air between the heart and chest wall where the tangential
tield edge is positioned [19, 20, 21], by the use of arc tech-
niques — volumetric modulated arc therapy (VMAT) or
advanced robotic accelerators [22, 23]. The optimal option
for a significant decrease of dose to both lungs and heart
is prone positioning but also use of immobilizing devices
dedicated for both prone and supine breast radiotherapy
[23, 24]. Assisted voluntary breath hold (ABC, Elekta),
VMAT and both prone and supine breast irradiation are
now available forms of treatment at our clinic.

Although all dosimetry parameters from the dose-vol-
ume histogram of treatment plans of examined patients
were far below any clinically known limitation, it is clear
that patient’s heart and LAD may be severely damaged by
radiation, especially if previous cardiovascular disease was
registered [24]. Our results also confirm these findings.
Severity degree of cardiovascular disease can be predicted
according to the MHD and MLAD artery dose together,
as we did in this work through the scoring system gener-
ated, but more detailed constraints are needed [25, 26].
Patients treated with radiotherapy for left-sided breast can-
cer, should remain in cardiology follow-up to diagnose
possible cardiotoxicity [27].

The limitation of the current study is limited number
of patients. Out of 114 initially selected patients, only 31
entered the final analysis. Definitive conclusions should
be made after conducting prospective well-designed trial
with more patients included.
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The management of cardio-oncological patients re-
quires a multidisciplinary approach to provide optimal
care for patients. In that respect, these specialties will soon
have to bring about new joint protocols, on management
of cardio-oncological patients [28]. Propositions on man-
agement of cardiac toxicity are still under development
and additional studies and research are needed, but it is
recognized that a model predicting cardiology complica-
tion due to therapy is needed [29, 30]. The scoring system
we proposed here serves in our institution as a predictor
of CVD complications.
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Paguotepanuja ese AojKe — yTULaj A03a Ha CpLE U NIeBY NpeAkY AecLeAeHTHY
apTepujy 1 pa3soj KapauosackynapHe 601eCTi ocam roguHa nocae TpeTMaHa

bopucnasa lNetposuh'? MunosaH Metposuh®, bpaHucnas hypar®3, Urop Han>, TatjaHa Murbkosuh*4, Munerko YaHkosuh3,

Yuna Mewrvak®, Jlasa Pytorbckn'?, Onvisepa VigaHos??

'YHusep3utet y HoBom Capy, MpupogHo-matematnykiy dakynteT, lenaptmaH 3a dusunky, Hosu Cag, Cpbuja;

2MHcTuTyT 33 oHKonorwjy BojsoguHe, KnuHnka 3a paguotepanujy, Cpemcka KameHnua, Cpbuja;

*Ynusep3utet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cag, Cpbuja;

*UHCcTUTYT 33 KapanoBacKynapHe 6onectn BojsoguHe, KnuHuka 3a kapauonorujy, Cpemcka Kamenuua, Cpbuja;
SYHMBEP3UTET 33 TEXHONOMjy 1 EKOHOMCKe HayKe y ByaumneLwutn, UHCTUTYT 3a HyKneapHe TexHuke, Byaumnetwura, Mahapcka

CAMETAK

YBop/LUum bonecHuue obonene of KapLrHoma fieBe JojKe,
NleyeHe PaavosIOLKOM Tepanujom, y Behem cy pusnKy of Ha-
CTaHKa KapzmoBackynapHux 6onectu (KBB), c 0631pom Ha To
[a je aHaTOMCKVM MOonoXajem Jeo cpLia YeCTo y HemocpesHoj
GNM3VHY TPETVpPaHe peruje, WTo Y roArHama nocsie TpeTMaHa
MOXe [ia 113a30Be M0jaBy KapAMoBacKynapHux 6onectu.

Linsb oBor paga 610 je pa3Boj c1cTem CKOpoBatkba KOju MAEHTU-
¢buKyje bonecHuLe ca noBehaHUM pU3VKOM of pa3Boja Kapau-
oBacKynapHux 6onecTu, Kao NocieauLy 3payetba ese JojKe.
Metope bonecHuLe Koje cy npaheHe TOKoM OBe cTyauje 3pa-
yeHe cy Tokom 2009. roguHe. Ocam rogrHa KacHuje no3BaHe cy
[a yyecTByjy y CTyAMju TOKOM Koje Cy npernefaHe of cTpaHe
Kapguonora. bbrxoB Hanas Kopenupat je ca jo3ama Koje cy
TOKOM PaAMosOoLLKe Tepanuje NpuMmuiv cpLe 1 ieBa Npeama
fecueneHTHa KopoHapHa aptepuja (TAL).

Pesyntatu Og 114 no3BaHux 6onecHuLa Kojma je Tokom 2009.
rofyiHe 3payeHa neBa Aojka, 31 6onecHnLa ce oaasBarna nosvey

DOI: https://doi.org/10.2298/SARH210328031P

Ha Kapavonowku nperned. Og osor 6poja, Wwect 6onecHuua je
1Maso KaparnoBacKynapHy 6onecT npe neyera manurHe 6o-
nectu. YeTnpm >xeHe HUCY HUKaZ pa3Buiie HUjeaHy KapauoBa-
CKynapHy 601ecT 10 KapAMnOonOLLKOT Nperneaa, oK Cy OCTanmnx
27 6onecHuua pa3sune 6ap jeaHy og KBB, op xunepTeHsuje go
nHdapKTa M1MoKapga. TexnHa KapanoBacKynapHe 6onectu je y
CHaXHOj MO3UTVBHOj KOpenaumju ca cpefHhom JO30M Ha cpLe
1 cpeprbom fo3om Ha JTAL (p = 0,003).

3aksbyyak [l03a Ha KpUTYHE OpraHe 3aBUCK Of aHaTOMMje 60-
NeCHWKa, anv 1 of pagmnoTepanmnjcke TEXHNKE Koja je cnposepe-
Ha. KapanoBacKynapHe Komnankauuje cy fokasaHa nocneguua
3payerba neBse fojke. TexkmHa KoMnmKaLuuja 3aBrncy of OfHOCa
n3mehy no3a Ha cpue v JIAZl n3paxeHa Kpo3 C1CTeM CKOpOBa-
tba. CMCTeM CKOpOBatba 3aCHOBaH Ha jo3ama Koje npumMajy cpue
n JIA[l noy3aaH je y npeankumju passoja KBb.

KrbyuHe peum: KapAyOTOKCUYHOCT; KOMM]YTEPCKO MaHnparbe
paguoTepanuje; KapLMHOM JIeBe [ojKe; pagroTepanyja
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SUMMARY

Introduction/Objectives Bone and soft tissue infections might mimic bone and soft tissue tumors.
Therefore, differential diagnosis is important to prevent errors in treatment. This report aims to present
the data of patients with indistinct clinical and radiological findings mimicking benign and malignant
bone and soft tissue tumors, which were later diagnosed as inflammatory infections.

Methods A retrospective chart review of the clinical, microbiological, radiologic, and pathologic find-
ings of patients presented with a presumed diagnosis of a possible malignant lesion was performed.
Results The study included 21 patients with a median age (IQR) of 37 (1 month - 72 years) years, and
13 (61%) patients were men. In total, 16 (76%) patients were admitted to the hospital with complaints
of pain. The diagnoses were hydatid cyst, tuberculous osteomyelitis, cat-scratch disease, chronic osteo-
myelitis, subacute osteomyelitis, and soft tissue abscess. All patients were treated depending on the
diagnosis of the lesion.

Conclusion There are chances of misdiagnosis due to shared common characteristics of tumoral and
infectious lesions which might be mildly increased inflammatory markers with deeply seated non-mobile
soft tissue masses and aggressive periosteal reactions and/or bone destruction patterns. So, each pseudo-
tumoral lesion due to possible infectious causes should be histopathologically examined and correlated

with other clinical and laboratory data in order to achieve a final diagnosis
Keywords: biopsy; imaging; hydatid cyst; tuberculosis; soft tissue abscess; osteomyelitis

INTRODUCTION

Bone and soft tissue sarcomas are extremely
rare malignant tumors, which are mesenchymal
in origin. Nearly 21% of all pediatric solid ma-
lignant tumors and less than 1% of all adult sol-
id malignant tumors are sarcomas [1]. Despite
their rarity, sarcomas represent the third lead-
ing tumor type in young populations [2].

Benign tumors are classified according to
the matrix protein produced by the tumor cells,
such as bone, fibrous tissue, cartilage, fat, or
blood vessels [3]. Skin and soft tissue infections
are characterized by microbial invasion of the
layers of the skin and/or underlying soft tissues
[4]. Although they are usually caused by bacte-
rial infections, fungal, viruses, parasitic, or my-
cobacterial aetiologias might be detected [5].

Osteomyelitis is an inflammation of the
bone and bone marrow, most caused by bacte-
rial and rarely fungal, parasitic, or mycobacte-
rium species [6].

Although data are scarce, infections of the
bone and soft tissue might mimic tumoral le-
sions. However, the treatment approach for the

two conditions is very different; hence, differ-
ential diagnosis is important to prevent errors
in treatment [7, 8].

In this paper, we aimed to present the data of
patients with indistinct clinical and radiologi-
cal findings, mimicking benign and malignant
bone and soft tissue tumors, which were later
proven to be infectious lesions on biopsy.

METHODS

The study was conducted at the Istanbul
Medeniyet University Medical School, Goztepe
Training and Research Hospital. The patients
signed voluntary consent forms, and the study
complied with the ethical standards of the
Helsinki Declaration. This is a retrospective
study from a prospectively collected database of
a tertiary referral center for musculoskeletal tu-
mors. The data of patients with suspected bone
and soft tissue tumors or bone sarcomas that
were later diagnosed as bone and soft tissue in-
fections by clinical, microbiological, radiologi-
cal, and pathological methods between 2015
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and 2021 were analyzed parameters analyzed included age,
sex, comorbid conditions, main symptoms on admission,
history of previous infections, tuberculin skin test (TST),
white blood cell (WBC) count, C-reactive protein (CRP)
level, sedimentation, direct chest radiographs, computer-
ized tomography (CT), magnetic resonance imaging (MRI)
tindings, preoperative diagnosis, surgical techniques, mi-
crobiological analyses, and pathological diagnoses.

RESULTS

This study included 21 patients. Table 1 presents the overall
characteristics of the study population. The median age
of the patients was 37 years (1 month - 72 years), and 13
(61%) were male. The most common symptom was pain;
16 patients in the study cohort were admitted to the hos-
pital with complaints of pain.

According to the results of the investigations, four pa-
tients had tuberculous (TB) osteomyelitis, two had hydatid
cyst, three had cat-scratch disease (CSD), five had subacute
osteomyelitis, and one had chronic osteomyelitis. Six pa-
tients were diagnosed with soft tissue abscesses mimick-
ing soft tissue sarcoma or soft tissue lymphoma (patient
numbers 3, 7, 8, 14, 19, and 20). Two of these patients had
been previously diagnosed with chondroma and leiomyo-
sarcoma, respectively, and had undergone resection (pa-
tients 7 and 3). The patients were followed up for possible
recurrences and metastases.

One patient had a soft tissue mass lesion abutting the
sciatic nerve (patient number 14). A preoperative biopsy
was consistent with lipoma; however, pathological exami-
nation of the excised lesion revealed accompanying chronic
fungal infection. One patient with a soft tissue abscess had

Figure 1. Penumbra sign at the proximal humerus of the patient
with tuberculous osteomyelitis
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Figure 2. "Langhans" type multinuclear giant cells and lymphocytes (Hematoxylin eosin 400 x)
in granulomas consisting of epithelioid (Histological examination of serial sections revealed
granuloma formation accompanied by small focal necrosis in the central area with surround-
ing lymphocytes; "Langhans" type giant cells were seen embedded in the fibrous stroma (in
the center of the granuloma) (black arrow); in the immunohistochemical examination, CD68

Aydin O. et al.

Figure 3. Cystic bone lesion at the proximal
tibia due to cyst hydatid mimicking primary
bone tumor or metastases

was positive in histiocytes

were negative, Mycobacterium tuberculosis was detected on
the culture. Two patients with TB had completed their anti-
TB medications, and two others were still under treatment.

One patient had a bone lesion on the proximal tib-
ia, mimicking a primary bone tumor or metastases.
Preoperative biopsy revealed a hydatid cyst which was
removed by intralesional curettage and irrigation with
hypertonic saline solution, and cement fixation was per-
formed (patient number 18) (Figure 3). One patient had a
hydatid cyst in the pelvic soft tissue anterior to the sacrum.
Removal of the cysts and irrigation with hypertonic saline
solution were performed (patient number 6).

DISCUSSION

In this report, we aimed to present the data of patients who
had been referred to our clinic for a suspected bone or
soft tissue tumor but were diagnosed with musculoskeletal
infections based on their past medical history, physical
examination, radiological work-up, and biopsy.

It is essential to differentiate bone and soft tissue in-
fections from benign and malignant bone and soft tissue
tumors to proceed with appropriate treatment [9]. A previ-
ous history of trauma (open fracture); previous surgeries,
immune status of the patient; or presence of any associated
disease affecting the immunity, such as diabetes mellitus,
renal or hepatic failure, malignancy, malnutrition, alco-
holism, intravenous drug use, and tuberculosis infection
should be investigated [6, 10]. Any symptoms, such as,
poor appetite, malaise, fever, and characteristics of the pain
should be investigated. Scars of previous incisions, redness,
swelling, or presence of a fistula should be noted [9, 10].

‘ DOI: https://doi.org/10.2298/SARH210916050A

Contact with domestic animals is also important to rule
out certain infections such as CSD [11].

Laboratory tests should include blood hemograms,
erythrocyte sedimentation rate and CRP levels [9, 10].
Specific serological tests should be performed for the di-
agnosis of CSD [11], and hydatid cysts [12]. For suspected
TB infections, interferon-y (IFN-y) release assay or TSTs
should be performed [13].

Roentgenography is important for detecting periosteal
reactions and bone destruction patterns [14, 15]. CT is im-
portant for visualizing details of the bone cortex, and MRI
is important for the evaluation of medullary and soft tissue.
A periosteal reaction occurs when tumoral lesions, infec-
tion, or trauma separate the periosteum from the bone
cortex. Benign periosteal reactions usually have a uniform
appearance with a single solid layer. The multi-layered
(onion- skin) type is an intermediate type between solid
periosteal reaction and aggressive periosteal reactions such
as spiculated-sunburst or Codmanss triangle [15]. Although
multi-layered and other more aggressive periosteal reac-
tions usually occur in malignant bone tumors, especially in
Ewing sarcoma and osteosarcoma [15, 16], they might also
be detected in benign bone lesions such as Langerhans cell
histiocytosis, which is characterized by the proliferation of
dendritic cells and macrophages, and even in osteomyelitis
[17], as in our case with chronic osteomyelitis and septic
arthritis in a premature child.

There are three major bone destruction patterns ac-
cording to the Lodwick classification. Geographic bone
destruction is characterized by a narrow zone of transition
of the lesion, which is easily separated from the surround-
ing normal bone. A sclerotic margin of variable thickness
encompasses the lesion in type A [18, 19]. Geographic
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bone destruction usually occurs in benign or benign ag-
gressive bone tumors and osteomyelitis, as in our patient
with subacute osteomyelitis.

Moth-eaten and permeative-type bone lesions are usu-
ally accompanied by primary malignant and metastatic
bone lesions [16]. Osteomyelitis might occasionally cause
these two types of aggressive bone destruction patterns
[16], as in our case with TB osteomyelitis. Opportunistic
pathogens, especially fungal musculoskeletal infections,
might be detected in patients with immunocompromised
status [6], as in our case with a history of breast carcinoma
and chemotherapy.

TB osteomyelitis of the bone is a rare condition caused
by Mycobacterium tuberculosis. The bacillus usually prefers
the spine and large joints due to the rich vascular supply
of the vertebrae and the growth plates of the long bones
[20]. Although rare, TB of the bone is an important cause
of lytic bone lesions. Pain is the main symptom of bone
TB. Fever and systemic symptoms might not occur until
the late stages of musculoskeletal TB [20, 21].

Due to the low bacterial load in musculoskeletal tuber-
culosis, the possibility of detecting the Mycobacterium is
very low, and for an accurate diagnosis of M. tuberculosis,
multiple biopsies should be performed, and more time and
attention should be paid during microscopy [21]. Biopsy
revealed granulomatous osteomyelitis in all our patients
with musculoskeletal tuberculosis.

Granulomatous inflammation mimicking bone and soft
tissue tumors may be caused by various etiologic factors
including infection, autoimmune, toxic allergic, drug and
neoplastic conditions.

In cases of negative microbiological findings, differen-
tial diagnosis depends on meticulous assignment of clinical
tindings including laboratory test results, and examination
of the histopathological specimens by an expert musculo-
skeletal pathologist [22, 23].

The penumbra sign is an area of a relatively hyperin-
tense signal between the intermediate to low-signal inten-
sity abscess cavity and the adjacent edematous or sclerotic
bone marrow on unenhanced T1-weighted imaging. On
histology, the cases exhibiting the penumbra sign showed
a rim of active, highly vascular, inflamed granulation tis-
sue around the abscess cavity. The penumbra sign on T1-
weighted MRI in subacute and chronic osteomyelitis is
very important, with high sensitivity and specificity for
differentiating these lesions from musculoskeletal tumors
[24, 25]. Other cases of subacute osteomyelitis with lytic
bone lesions suspected to have benign or benign aggres-
sive bone tumors were confirmed by histopathological
examination because the radiographic findings of soft
tissue swelling, cortical tunnelling, focal cancellous lysis,
focal cortical resorption, and a periosteal reaction were a
diagnostic challenge in these cases [7]. Two of our cases,
one with TB osteomyelitis and the other with subacute
osteomyelitis due to Staphylococcus infection, displayed
the penumbra sign.

Cystic Echinococcosis (CE) occurs in humans as a re-
sult of infection by the cestodes of the genus Echinococcus.
Characteristically, CE lesions are found in the liver and
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lungs; however, any part of the body might be affected
[26, 27]. Skeletal lesions usually involve the vertebrae
and rarely the long bones. The cestodes first settle in the
epiphyseal and metaphyseal areas because of their rela-
tively high blood supply. Here the cysts proliferate and
enlarge, which then lead to a multicystic appearance. They
might resemble musculoskeletal tumors with medullary
and cortical destruction, and surgery is usually the first
therapeutic approach [27]. Curettage and cementation
with fixation were performed in our patient with a proxi-
mal tibial hydatid cyst. Primary hydatidosis of the skeletal
muscle is extremely rare [28]. Excision was performed in
our patient with a soft tissue hydatid cyst localized to the
pelvis. We also used hypertonic solution locally during
surgery in both our cases with bone and soft tissue hydatid
cyst, and oral albendazole (15 mg/kg/day) was adminis-
tered after surgery.

Multiorgan involvement was not observed with positron
emission tomography (PET-CT) imaging performed after
biopsy findings of four patients with TB osteomyelitis, two
patients with hydatic cysts and five patients with subacute
osteomyelitis. In cases of nonspecific histopathological
findings and culture negative results, differential diagnosis
was made because tumoral cells were not detected in the
histopathogical specimens of our patients, but two patients
(number 2 and 16) had multifocal bone involvement de-
tected with PET-CT imaging.

Microorganisms such as Mycobacterium tuberculosis
and Brucella species should not be overlooked into the
etiology of pseudo tumoral infectious lesions in countries
with high endemicity. Brucellosis was excluded in our pa-
tients with serological test results in addition to culture
with increased sensitivity and specificity.

Musculoskeletal tuberculosis, on the other hand, is un-
fortunately still posing a serious problem and often causes
diagnostic challenge especially in developing countries
with low incomes and limited health resources. It should
be noted that the TST and interferon gamma release assay
tests are not highly sensitive and specific for the diagnosis
of bone tuberculosis [29, 30].

In our patients with clinically suspected tuberculosis in-
fection but negative culture and serological tests with posi-
tive granulomatous inflammation and negative tumoral
cells in histopathological specimens, we started empirical
antituberculosis treatment. In this process, we evaluated
the clinical symptoms and laboratory findings including
especially sedimentation rate with close follow- ups. In
bone lesions due to TB infection, regression of SUV max
values was also taken into consideration for assessment of
response to the anti-TB treatment.

Ewing sarcoma is the second most common malignant
bone tumor in children and young adults after osteosar-
coma. The features of Ewing sarcoma and osteomyelitis
might be similar on imaging, and there are numerous
reports of Ewing sarcoma being misdiagnosed as osteo-
myelitis on radiological studies. A sharp and defined mar-
gin, optimally visualized on T1-weighted MRI, is the most
significant feature differentiating the Ewing sarcoma from
osteomyelitis [31]. Our patient with osteomyelitis of the
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tibia had overlapping radiographic findings and MRI im-
ages with osteomyelitis and Ewing sarcoma; therefore, a
biopsy was performed before the final diagnosis.

CSD is an infection that develops from the bites or
scratches of flea-bearing cats and is caused by Bartonella
henselae [11, 32]. The disease, which is one of the causes
of chronic granulomatous lymphadenitis, usually resolves
with a short course of antibiotics. The medial epitroch-
lear region is the most common location. It should be
suspected, especially in young patients presenting with
lymphadenopathy [32]. History of exposure to cats, serol-
ogy, and biopsy are crucial for the diagnosis [11]. Three of
our patients displayed signs and symptoms of CSD, and all
had a history of cat scratches.

Pyomyositis might rarely be confused with soft tissue
sarcoma due to the absence of signs of inflammation such
as warmth and redness and might present only with mass
lesions as seen in three of our cases. Clinical and labora-
tory panels may sometimes be not adequate for diagnosis
of bone and joint infections with diverse presentations and
the diagnosis may solely be obtained by histopathological
analysis [33].

Pseudotumor lesions share imaging characteristics with
neoplastic lesions such as periosteal reactions, bone destruc-
tion patterns, contrast enhancement patterns on MRI etc.
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Meticulous attention should be paid to history of con-
tact with animals or animal products and immune status
of the patients [34].

Study limitation

The small sample size, retrospective design and heteroge-
neity of pathologic diagnosis are limitations of this study.

CONCLUSION

Histopathological examination of lesions due to soft tis-
sue and bone infections should be performed to rule out
tumors in cases of doubt. The cause of uncertainty is the
shared common characteristics of tumoral and infectious
lesions. There may be mildly increased inflammatory
markers in cases with deep-seated non-mobile soft tissue
masses and aggressive periosteal reactions and/or bone
destruction patterns. When the biopsy results are inde-
terminate, a repeat biopsy is recommended.
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CAXETAK

YBopa/Linm ViHdeKumje KocTujy 1 MeKIX TKVIBa MOTY UMUTVPATK
TyMOpe KOCTHjy 1 MEKUX TK1BA. 360r Tora je audepeHumjanHa
AvjarHo3a BaxkHa Aa v ce cnpeynne rpeLuke y neyetby.

Linrb oBor paga je fia nprikaxe nofatke 6onecHnKa ca Heja-
CHVM KIVHUYKUM U PagMONOLWKMM Hanasnuma Koju nMnTrpajy
6eHUrHe N ManurHe TYMope KOCTUjy 1 MEKUX TKMBa, KOju Cy
KaCHUje AnjarHOCTNKOBaHU Kao MHdamaTopHe NHbeKUMje.
MeTtoge YpaheH je peTpocneKTUBHY Npernes KNMHUYKUX, MUK-
POO6VIONOLLKNX, PaAVONOLLKMIX V1 NAaTONOLKIMX Hanla3a 6onecHu-
Ka ca mpeTnocTaB/beHOM AujarHo3om Moryhe manurHe nesuje.
Pesyntatu Ctyauja je obyxBatuna 21 60necHUKa Cpeate CTa-
poctun og 37 (1 meceL, — 72 roauHe) roauHa, a 13 (61%) bonec-
HVKa cy 6unm mywkapuu. YKynHo 16 (76%) 6onecHmKa Koju
Cy Ce Xanunv Ha 6051 NPYMIbEHO je y 6onHuLy. [lnjarHose cy
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6urne xupaT1aHa LMcTa, Ty6epKynosHu octeomujenutuc, bonect
Maujux orpe6boTnHa, XPOHNYHN OCTEOMUJENNTHC, CybaKyTHU
0CTEOMUJjENUTIC 1 ancLec Mekor TKrBa. CBy 6onecHnum cy
NeyeHn y 3aB1CHOCTU Of AunjarHose nesuje.

3akibyyak VIHdeKTVBHE Ne3nje KOCTUjy N MeKOT TKIBa Tpeba
NOABPrHYTU XVMCTONATONOLIKOM Nperfeay fa 6y ce NcKIbyunn
TyMOpM y CiyyajeBuMa Cymmbe. [locToje WwaHce 3a norpeLuHy
AujarHo3y 360r 3ajeAHUYKMX KapaKTepUCTKa TYMOPCKIX 1
MHOEKTVBHUX Nle3uja Koje Mory 6yt 6naro nosehanu nHona-
MaTOPHY MapKepu ca flyboKo cMeLUTEHM HEMOBUIHUM Macama
MEKOT TKMBA 1 arpecmMBHIM NePUOCTaHAM peaKLmjama u/unm
obpacuyma fecTpyKumje KocTu.

KrbyuHe peun: 61oncmja; CHUMare; XupaTuaHa LncTa; Tybep-
KyJ103a; ancLec MeKor TKUBa; OCTEOMUjeNUTUC
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Assessment of the diagnostic ability of RIFLE
classification and neutrophil gelatinase-associated
lipocalin biomarker in detecting acute kidney injury
in newborns in the intensive care unit
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SUMMARY

Introduction/Objective This study was designed to demonstrate the association of the RIFLE classifica-
tion and neutrophil gelatinase-associated lipocalin (NGAL) in predicting of newborns with acute kidney
injury (AKI).

Methods This was a prospective study. We included 100 newborns suspected of having a kidney injury.
These newborns were admitted to the intensive care unit (ICU) at the University Clinic of Pediatrics from
the period of two years. The severity of the disease was determined by RIFLE classification. The biochemi-
cal marker NGAL was included in this study because it is an early biomarker of AKI in newborns. The
statistical processing of the material was by methods of descriptive statistics.

Results The prevalence rate of AKI was 6.25%, but according to the RIFLE classification the prevalence was
8.7%. According to RIFLE classification, we reported “risk” in 36%, “injury”in 50% and “failure” in 14% of
newborns with AKI. In newborns with perinatal asphyxia, kidney injury was seen in 34% and 30%, making
perinatal asphyxia the most common predisposing factor. The difference in average value of the score for
neonatal acute physiology with perinatal extension in newborns with AKl and the control group without
AKI was confirmed significant (p < 0.001). Also, there was a significant difference (p < 0.001) between
serum creatinine and urinary NGAL values, on the day they were admitted to the ICU.

Conclusion In newborns hospitalized in the ICU, AKl is a serious condition. We could identify kidney
injury and follow up the progression of the disease by using RIFLE classification. The need for early
diagnosis of kidney injury, in a period when the disease is not clinically manifest, in the first hours of its
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occurrence, is provided by NGAL.

Keywords: acute kidney injury; newborns; RIFLE classification; NGAL

INTRODUCTION

Acute kidney injury (AKI) involves a sudden
impairment of kidney function, leading to an
imbalance of electrolytes, fluids, and waste
products [1]. This complex disorder of kidney
function can present with a variety of clinical
manifestations. It can manifest as a kidney in-
jury requiring replacement therapy or as mini-
mal kidney dysfunction. In newborns who are
critically ill, AKI is a common clinical condi-
tion. The reason for this is the immaturity of
the kidneys in newborns, making them sensi-
tive to reduced kidney function [2, 3].

Due to the need of timely and appropriate
diagnosis as well as assessment of the sever-
ity of kidney injury, Risk Injury Failure Loss
End-stage renal disease (RIFLE) classification
is used in newborns with AKI. RIFLE classifica-
tion covers the following stages: risk of kidney
failure, kidney injury, kidney failure, kidney
function loss and end-stage kidney failure).
Taking into account the immaturity of tubular
cells, high body water content and presence of
maternal creatinine in newborn’s circulation,

Bezzero et al. [4] have modified RIFLE clas-
sification to a newborns RIFLE classification.
In this classification, the corrected values of
serum creatinine and 24-hour urinary output
are taken as criteria [4].

AKIT occurs in 8-24% of newborns. The mor-
tality rate is 10-61% [5]. Clinical conditions in
newborns such as perinatal asphyxia, prematu-
rity, congenital heart disease, sepsis, and meco-
nium plug syndrome are factors that predispose
to AKI. The risk of kidney injury in newborns
hospitalized at the intensive care unit (ICU) is
reduced with appropriate and timely treatment
of these associated comorbidities [6, 7].

The scoring system most commonly used
in newborns as a tool for predicting severity of
illnesses is Score for Neonatal Acute Physiology
with Perinatal Extension 2 (SNAPPE 2) score.
This score needs to be performed within the
first 24 hours of the newborn’s admission to
the ICU. The SNAPPE 2 score system is used
to assess the severity of the disease and is corre-
lated with newborns mortality in ICUs. A score
above 40 is associated with a higher mortality
rate [8].
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In newborns, serum creatinine as a parameter for glo-
merular filtration rate is not used. The reason for this is
that in newborns serum creatinine shows higher values
in the first 2-3 days of birth, because those values reflect
the function of the mother’s kidneys. Serum creatinine
values in the following days they subsequently decrease
[9]. Serum creatinine levels also change 48-72 hours after
the onset of kidney injury. So, the serum value of creati-
nine is considered a late marker for kidney injury [10, 11].
Neutrophil gelatinase-associated lipocalin (NGAL) is used
as a biomarker to detect kidney injury in the first two to
three hours after onset. Kidney damage can be detected
with the help of NGAL even before there is a decrease in
urine output and before an increase in serum creatinine.
That is why NGAL is the most appropriate biomarker for
early detection of kidney injury in critically ill newborns.

The severity of the disease correlates with serum and
urine NGAL values, and are dependent on the extent of
current kidney injury. Its clinical use ensures that we make
the right clinical decisions before the disease manifests
itself [12, 13, 14]. The purpose of this study was to analysis
the role of RIFLE classification and (NGAL) in predicting
AKIT in newborns.

METHODS
Study population

The study was a prospective and we included 100 new-
borns suspected for kidney injury admitted at the ICU, at
the University Clinic of Pediatrics from the period of two
years. The newborns were divided into a group with AKI,
included 50 newborns, and the control group included
50 newborns without AKI. Inclusion criteria in this study
were newborns up to 28 days after birth, who were ad-
mitted at the ICU due to certain pathological condition,
with or without the development of AKI. In newborns less
than 33 weeks of gestation, an increase in serum creatinine
level above 130 pmol/l, as well as a serum creatinine value
greater than 90 umol/l in newborns older than 33 weeks
of gestation was defined as AKI. Oliguria was defined as
a urinary output less than 1.0 ml/kg/h. All newborns who
were less than 25 weeks of gestation according to our cri-
teria were excluded from the study.

According to the criteria for classification Neonatal
RIFLE, gestational age, birth weight, gender and predis-
posing factors such as asphyxia, prematurity, sepsis, con-
genital heart diseases and meconium plague syndrome,
were analyzed medical data from hospitalized newborns.
With SNAPPE 2 achieved in the first 12 hours after admis-
sion at the ICU, the severity of the disease of the admitted
newborns was assessed.

For all studied patients we have the approval of the in-
stitutional committee on ethics.
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Study design
In the neonates included in the study, the severity of the
disease was determined based on the neonatal RIFLE clas-

sification using the criteria shown in Table 1.

Table 1. Neonatal RIFLE classification criteria

Stage Criteria Urine output
< 1.0 ml/kg/24 h, term

R (risk) >1.5Cr, GFR < 25% neonates

< 1.5 ml/kg/24 h, in premature
I (injury) > 2 Cr, GFR < 50% < 1.0 ml/kg/24 h
F (failure) >3Cr,GFR<75% |<0.7 ml/kg/24 h oranuria12h
L(loss) AKI > 1 month
E (end stage) AKI > 3 month

GFR - glomerular filtration rate; AKI - acute kidney injury

The laboratory tests were done at the Clinical Labo-
ratory at the University Clinic of Pediatrics and in the
Institute of biochemistry Faculty of Medicine, Skopje.
Laboratory test which included serum creatinine, and
urinary NGAL were taken first at the admission, and af-
ter 72 hours. The collected urine samples were frozen at
-70 to -80°C, before being transferred to the Institute of
Biochemistry.

Using the biochemical analyzer Architect c4000 Abbott
(Mmol/L) and the NGAL biomarker, using the NGAL
ELISA method (Bioporto, Hellerup, Denmark) ng/L, the
laboratory values of serum creatinine were examined.

Statistical analysis

The statistical processing of the material was by the meth-
ods of descriptive statistics. Independent sample tests were
used to determine the significance of the difference in the
samples. Statistical significance was established for the
values of p < 0.05.

RESULTS

During the study, we have evaluated 100 newborns hos-
pitalized at the University Clinic of Pediatrics, during the
two-year-long period. The AKI group included 50 new-
borns, and without AKI group, included 50 newborns with
various pathological conditions.

In the AKI group 62% were male and 38% female.
Comparable values with the control group of newborns,
without AKI group, were 56% males and 44% females,
retrospectively. Most of involved newborns in AKI and
without AKI group were born at term (61% and 57%).
In newborns with AKI, the average gestational age was
36.152 + 4.2 weeks of gestation and 35.26 + 2.7 weeks
of gestation in control group. In newborns with AKI,
the average birth weight was 2660.5 £ 458.1 grams,
while in the control group was 2489.4 + 564.8 grams.
The average serum creatinine values in AKI group was
184.44 + 103.74 pmol/l, and 77.78 + 30.6 umol/l in control
group. The mean urine output values in AKI group was
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Table 2. Demographic characteristics of newborns with acute kidney
injury and non-acute kidney injury

Naunova-Timovska S. et al.

Table 4. Predisposing factors in newborns with acute kidney injury
and control group without acute kidney injury

1.14 + 0.8 ml/kg/h and 3.49 + 1.5 ml/kg/h in control group.
Demographic characteristics of newborns with AKI and
non AKI are summarized in Table 2.

In the first 12 hours of ICU hospitalization, all new-
borns were analyzed with the SNAPPE 2 score. The results
of the score were evaluated in four categories: very severe
(over 70), severe (41-70), medium (score 21-40) and light
(score 1-20).

All newborns were analyzed by SNAPPE 2 score within
the first 12 hours of hospitalization in NICU. The score
values were evaluated in four categories: light (score 1-20),
medium (score 21-40), severe (41-70) and very severe
(over 70). The results showed that the value of the aver-
age score of newborns with AKI was 54.72 + 35.3, while
38 + 10 in control group.

The difference between the AKI group and the con-
trol group was 16.72 and it was confirmed as significant
p < 0.001.

The distribution of newborns with AKI depending of
score levels compared to control group without AKI. In
50% newborns with AKI predominate severe score level,
while in control group predominate median score level in
42% of newborns show in Table 3.

Table 3. Distribution of newborns with acute kidney injury (AKI) de-
pending of score levels compared to control group

Score AKI / without AKI Mean + SD Min-Max
. AKI 0 0
Light -
without AKI 13.7+£3.2 9-19
. AKI 31.5+44 28-39
Medium -
without AKI 27657 21-38
AKI 5441+7 43-69
Severe -
without AKI 4121+£58 36-51
AKI 89.45+8.3 77-95
Very severe -
without AKI 80.46 +8.3 70-93

Distribution of predisposing factors among newborns
with AKI and control group are shown in Table 4. The
most common contributing condition reported in both
groups (34% vs. 30%) was perinatal asphyxia.

The RIFLE classification, which categorizes the sever-
ity of kidney injury, was implemented in the examined
AKI group and control group without AKI. We founded

‘ DOI: https://doi.org/10.2298/SARH210223032N

Parameters Acute kidney injury Non agl{te kidney Predisposing factors Acu'te. kidney VV]thOU'F aFute
injury injury kidney injury
Male 31 (62%) 28 (56%) N/% N/%
Female 19 (38%) 22 (44%) Asphyxia 17 (34%) 15 (30%)
Mean + SD gestation Sepsis 13 (26%) 12 (24%)
age (week) 36.15+4.2 3526427 Preterm 12 (24%) 14 (28%)
i i i 0y [
MegrLi SD birth 2660.5 + 458.1 2489.4 + 564.8 Congenital heart disease 3 (6%) 5(10%)
weight Meconium plug syndrome 3 (6%) 5 (10%)
Duration of stay (days) 17.82+8.4 13.38+7.7
Meafj * SD serum 184.44 + 103.74 umol/l | 76.78 + 30.6 pmol/| Table 5. Distripution of newborns V\.Ii.th agute kidney injury and control
creatinine group according to the RIFLE classification
Mean + 5D urine 114+£08ml/kg/h | 3.49+1.5ml/kg/h RIFLE Acute kidney injury | without acute kidney injury
output classification N/ % N/ %
Risk 18 (36%) 15 (30%)
Injury 25 (50%) 3 (6%)
Failure 7 (14%) 0

“risk” in 36% (18/50) of newborns with AKI, “injury” in
50% (25/50) and “failure” in 14% (7/50) of newborns.
Additionally, using this classification, kidney injury was
detected in the non AKI group too, with 30% (15/50) reg-
istering “risk” and 6% (3/50) “failure”” Distribution of new-
borns with AKI compared to non AKI group in accordance
with the RIFLE classification show in Table 5.

In 18 newborns with AKI, in whom we registered risk
(R) in 78% (14/18), progression of disease occurred, with
injury (I) registered in 62% (11/18) of newborns and fail-
ure (F) in 17% (3/18) of newborns. Only 19% (2/11) of the
newborns with AKI in whom we reported subsequent in-
jury (I), the experienced progressed of the disease to renal
failure (F). From here, according to the standard definition
of AKI in newborns the calculated prevalence was 6.25%,
while according to the RIFLE classification it was 8.7%.

The results of the study, on the day of ICU admission
showed that the serum creatinine level was normal in new-
born with AKI and it was 76.78 + 30.6 pmol/L and had an
upward trend of 184.44 + 103.74 pmol/L after 72 hours
(Figure 1).

On the day of admission to the ICU in neonates with
AKIT the values of urinary NGAL the results in this study
showed higher values (373.8 + 194.9) and a slight upward
trend, while on the third day after admission the results
showed an additional increase (439.4 + 254.7) p < 0.001
(Figure 2).

There was a significant difference p < 0.001 between
serum creatinine and urinary NGAL values on the day of
admission to the ICU.

DISSCUSION

The study presents a clinical, epidemiological investigation
that evaluated in 100 newborns suspected for kidney injury
admitted at the ICU at the University Clinic of Pediatrics,
from the period of two years. The newborns were divided
into examined and control group. The examined group
included 50 newborns with AKI and the control group
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Figure 1. Serum creatinine value distribution in newborns with acute
kidney injury overtime

included 50 newborns without AKI with various patho-
logical conditions [15].

According to the standard definition of AKI in new-
borns the calculated prevalence was 6.25%, which is consis-
tent with literature data [16, 17]. A similar finding has been
published from the study conducted by Vachvanichsanong
et al. [18] where the prevalence of AKI in newborns was
6.3%, where in the study by Bolat et al. [19] it was 8%.
There are opposite findings too. Mortazavi et al. [20] re-
port on the prevalence of AKI of 2.7%, and Agras et al.
[21] of 3.4%. We hypothesize that these differences may
be due to differences in the diagnostic criteria for detect-
ing kidney injury in newborns. According to the RIFLE
classification, the prevalence of kidney injury in our study
was 8.7%. This suggests that the diagnosis of AKI accord-
ing to the standard classification may be missed in most
newborns. Less of 36% of newborns with AKI had “risk,”
50% “injury” and 14% had “renal failure” In 36% of new-
borns with registered risk, there was a progression of dis-
ease to injury in 62% and to “failure” in 17% of newborns.
In 19% of newborns with verified “injury;” the condition
progressed to “renal failure” A similar finding is presented
in the study by Mohkam et al. [22], in which, according to
RIFLE criteria, 43% of newborns with AKI were at risk,
51% at injury and 6% at failure [23]. RIFLE classification
was also applied in control group, newborns without AKI.
The “risk” for AKI was present in 30% of newborns, while
the “injury” in 6%. We did not record clinical progres-
sion of the condition and development of kidney injury
in this group of newborns. This finding suggests that in
control group, with verified “risk” and “injury;,” we could
have overlooked the situation. We assume that the reso-
lution of the kidney injury will come with the treatment
of other indications. This suggests that the RIFLE clas-
sification in newborns can be used as a more sensitive
method than the standard one in terms of diagnosis and
monitoring of kidney injury [24]. There was a significant
difference (p = 0.00001) between average SNAPP II score
value in newborns with AKI compare to control group. In
our study, newborns with AKI have had severe SNAPPE
2 score. The high score level was significantly associated
with the severity of the disease. Critically ill newborns with
AKI and other predisposing factors were significantly as-
sociated with high level score and poor prognosis. This
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Figure 2. Urinary neutrophil gelatinase-associated lipocalin (NGAL)
values distribution in newborns with acute kidney injury overtime

finding correlates with the data presented in the study of
Mortazavi et al. [20]. The poor prognosis was significantly
higher in newborns with severe score in admission to the
ICU, in whose further predisposing factors develop [25].
For all gestational ages according to gender distribu-
tion, in both groups of newborns most were male (62%
and 56%). In terms of distribution by gestational age, most
newborns were born term (64% and 54%). The most com-
mon predisposing factor in examined and control group
perinatal asphyxia was observed in 34% and 30% of neo-
nates, with a predominance of term male newborns, who
were born with a low Apgar score in the fifth minute of life.
Abu-Haweleh et al. [26] and Mortazavi et al. [20] published
similar findings in their studies as well. Abu-Haweleh et
al. [26] reports that 42% and Mortazavi et al. [20] reports
that 30% of the newborns with AKI have had asphyxia as
a dominant predisposing factor. In critically ill newborns
on the day of ICU admission, in our study we found sig-
nificantly higher urinary NGAL values compared to serum
creatinine levels. This demonstrates that NGAL is a sensi-
tive biomarker in the diagnosis of kidney injury. These
data correlate with the data reported by Nickolas et al. [27]
and Youssef et al. [28], emphasizing the role of NGAL as
a sensitive marker in detecting kidney injury. Monitoring
of urinary NGAL on the day of neonatal hospitalization
of newborns in the ICU and 72 hours later showed an in-
creasing trend in the average value. A high level of NGAL
on initial measurement suggests that the kidney injury
may have occurred prior to the newborns’ hospitaliza-
tion in the ICU. Namely, all critically sick newborns are
transported to our unit, as a specialized tertiary center for
intensive therapy. Intensive care explains the presence of
renal injury in critically ill neonates in whom AKI is not
yet clinically manifest. The role of urinary NGAL as an
early biomarker for kidney injury is confirmed by its high
values noted upon admission to the ICU. Mishra et al. [29]
and Devarajan [30] in their studies also refer the ability of
NGAL to early detect the newborns at risk of AKI.

CONCLUSION

AKI is a serious condition in hospitalized newborns in
ICU. The severity of the disease can be assessed using the
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SNAPPE 2 score. Kidney injury could be identified and
disease progression monitored using the RIFLE classifi-
cation. Early diagnosis of kidney injury in the first hours
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MpoueHa gunjarHocTuyke cnocobHocTu Knacudpukaymje PUG/E n buomapkepa
NUNOKANIMHA BE3AHOT 32 HEeYTPOPUNHY renaTHasy y OTKpMBakby aKyTHe nospese
bybpera Kog HoBOpoheHUYaaU y jeAUHNLM UHTEH3UBHE Here

CuneaHa HayHoBa-TrMoBcKa, Acna3uja CodujaHoBa, Corva bojaynesa, Enuzabera Lynepnucka, Onmsepa JopraHosa
YHusep3urteT,CBeTn Knupuno u Metoauje’, YHMBep3nTeTcKa KNnHUKa 3a negujatpujy, Megnumtckm ¢pakyntet, Ckorbe, Peny6numka CeBepHa

MakepoHuja

CAXETAK

YBog/Lwmb L cTyguje 6o je ga ce ucnuta ynora knacuou-
Kauwje PUOJIE n nunokanuHa Be3aHor 3a HeyTPOGUIHY rena-
TrHa3y y npegsuhatby akyTHe nospefe bybpera (AMB) Koa
HoBopoheHuyaaw.

Mertopae Y npocnekTrBHOj cTyAmju 610 je ykibyyeHo 100 Ho-
BOpoheHuYam ca cycneKTHUM 6yb6pexHm owTeherem npu-
M/bEHVX Y JeANHNLY NHTEH3VBHE Here Ha YHUBEP3UTETCKOj K-
HULM 33 NegujaTpujy y nepuogdy of Ase roguHe. TexxuHa Alb
yTBpheHa je knacudukaumjom PUDJSIE. Y cTyauju je npumerbeH
NANOKaNVH Be3aH 3a HeyTPOdUITHY renatriHasy Kao paHu 61o-
mapkep Alb kog HoBopoheHuaau. Matepujan je CTaTUCTUYKK
obpaheH MeTofama AECKPUNTUBHE CTaTUCTUKE.

Pesynratu lNpoLereHa npesaneHywja Alb 6vna je 6,25%, Aok
je npeBaneHuuja npema knacndukaymnju PUOJE 6una 8,7%.
Mpema knacudukauuju PUOJIE, gujarHocTMkoBanu cMo, pr3mnk”
Kog 36%, ,noBpeny” kog 50% un ,yHcyduumnjeHunjy” kog 14%
HoBopoheHyaau ca AlMB. Hajuewhn npeancnonnpajyhin daktop
noBe3aH ca owTehetbem 6ybpera 6vna je neprHatanHa achuk-
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cunja npumehena kog 34% 1 30% HoBopoheHuaaw. NMoTephHeHa
je curHmdurKaHTHa pasnuka namehy cpefrbe BpeLHOCTU CKopa
3a HeOHaTaslHy aKyTHy br3nonorujy nepruHaTaaHe ekCTeH3uje
Ko HoBopoheHuyaau ca AMb 1 KoHTponHe rpyne 6e3 Alb
(p < 0,001). MocTojana je 3HauajHa pa3nuka (p < 0,001) nsmebhy
BPEAHOCTM KpeaTUHUHA y CEpYMY 1 NINTOKaNIMHA Be3aHor 3a
HeyTpoWIHY renaTuHasy y ypyHy Ha AaH npujema y jeanHuLy
WNHTEH3MBHeE Here.

3akbyuak Allb je 036M/bHO CTarbe Kof XOCMUTaNN30BaHe HOBO-
poheHYaam y jeanHLM HTeH3MBHe Here. [Nomohy KnacuduKa-
umnje PUGIE mornm 6ucmo ngeHTudrKoBaTH NoBpeay bybpera
npaTuTV HanpeaoBatbe 6onecTu. biomapkep nunokanvH BesaH
3a HeyTpoWIHY renaTuHa3sy npy»a paHy AujarHosy nospege
6ybpera y NpBrM caTiMMa HacTaHKa, Kaila 60necT jow yBeK Huje
KNMHWYKM jacHa.

KmbyuHe peun: akyTHa noBpepa 6y6pera; HoBopoheHuas;

Knacndvkaumja PUOJIE; nunokanvH Be3aH 3a HeyTPOGuITHY
renatmHasy
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SUMMARY

Introduction/Objective Surgery is a “gold standard” in treating the acute appendicitis in pediatric pa-
tients. The aim of the study was to determine the effect of open and laparoscopic appendectomy on
postoperative recovery, return to everyday activities, and the quality of life in patients operated on for
acute appendicitis.

Methods This prospective study was performed at the Institute for Children and Youth Healthcare of
Vojvodina, over a period of 10 months. This study was approved by the Ethics Committee of the Insti-
tute. All patients treated for acute appendicitis by surgery were divided into two basic groups — open
or laparoscopic appendectomy - and into three subgroups, depending on the degree of appendicitis.
We analyzed the length of surgery, oral intake, establishing peristalsis, hospital stay, return to everyday
activities, and the quality of life after surgery.

Results Laparoscopic technique was performed in 60 patients (48%), and the open method in 65 pa-
tients (52%). In 66.7% of laparoscopically treated patients, peristalsis occurred earlier (p < 0.001), length
of hospital stay was shorter (5.95 + 1.21 days) (Z = -3.054; p = 0.002), the total score of daily activities
showed a statistically significantly better score (Z =-7.667; p = 0.000), and they achieved a high level of
quality of life significantly earlier (t = 2.773; p = 0.007).

Conclusion The advantages of minimally invasive surgery in the treatment of acute appendicitis in
children are reflected in the faster re-establishment of everyday functioning, faster recovery, and a good
quality of life.

Keywords: appendicitis; minimally invasive surgery; return to everyday activities; quality of life; children
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INTRODUCTION

Acute appendicitis is one of the most common
abdominal emergencies in pediatric popula-
tion. The lifetime risk of developing appen-
dicitis is 6-8%, with a peak incidence in the
teenage years [1]. The cause of appendicitis is
an obstruction of the appendix, either from
inflammation of the wall or a fecalith. Typical
symptoms of appendicitis are acute abdominal
pain, fever, nausea and vomiting. Appendicitis
in pediatric patients is less likely to present in
a classic manner than commonly thought [2].
Considering the stage of inflammation, appen-
dicitis can be classified as noncomplicated and
complicated. Complicated appendicitis is de-
fined as gangrenous or perforated appendicitis,
suppurative appendicitis, or appendicitis with
an abscess formation, periappendicular mass,
or fecal peritonitis [3]. In children, complicated
appendicitis is relatively common, and the rate
of perforated appendicitis varies with age, the
presence of obesity, socioeconomic status, and
healthcare access. High rate of postoperative
morbidity in complicated cases in children re-
quire prompt and precise diagnosis, as well as
adequate treatment [4].

Surgical treatment is a “gold standard” in
treating this condition. Surgeons still use the

open surgical technique described back in the
18th century. Rising popularity of minimally-
invasive surgery in other surgical fields imple-
mented this technique in pediatric surgeon’s
everyday practice. First laparoscopic appendec-
tomy was performed by Kurt Semm in 1981
[5]. Eight years later, Thom Lobe performed
this technique in a child [6]. Compared to the
open technique, laparoscopic appendectomy;,
like any minimally invasive technique, causes
less tissue trauma, which is associated with less
postoperative pain, shorter hospital stay, faster
recovery, and better cosmetic result.

There has been an increased interest in
the conservative management of appendicitis
over the last 20 years [7, 8]. Conservative (non-
operative) management for carefully selected
children with acute appendicitis has been de-
scribed. In patients with initial appendicitis,
non-operative treatment, with the use of anti-
biotics, could be applied, with healing in most
of them. The use of antibiotics in these patients
may be sufficient for cure, if there are no sure
indications for surgery, such as the presence of
peritonitis or signs of perforation [9, 10, 11].

Although laparoscopic appendectomy
gained popularity among many surgeons, the
advantage of laparoscopic appendectomy is still
the subject of research [3].
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The aim of the study was to determine the effect of both
methods, the open technique and laparoscopic appendec-
tomy, on early postoperative recovery, return to everyday
activities, and the quality of life in pediatric patients oper-
ated on for acute appendicitis.

METHODS

This prospective study was performed at the Clinic
for Pediatric Surgery, Institute of Children and Youth
Healthcare of Vojvodina, over a period of 10 months.
This study was approved by the Ethics Committee of the
Institute. We analyzed all patients treated for the acute ap-
pendicitis by surgery during this period. All patients with
acute appendicitis, American Society of Anesthesiologists
(ASA) classification (general state) I-III, whose parents
had given written consent, were included in research.
Patients who were classified as ASA IV and V, and without
written consent, were excluded.

All patients operated on for acute appendicitis were di-
vided into two basic groups, in relation to the surgical tech-
nique: open or laparoscopic appendectomy. Conversion,
intraoperative change of laparoscopic to open access was
performed due to a complex operative finding. It is impor-
tant to emphasize that the decision to make a conversion
is due to a proper intraoperative surgeon judgment which
provides the best possible outcome for the child.

Then, all the patients operated on were divided into
three subgroups, depending on the degree of appendicitis
(negative, uncomplicated, and complicated appendicitis).
Appendicitis with perforation or with abscess was classi-
fied as complicated appendicitis, and those remaining were
classified as uncomplicated. Intraoperative assessment of the
degree of appendix was performed by a surgeon macroscop-
ically, after which all surgical specimens were transferred to
the histopathology department for histopathological analy-
sis. Age, sex, and ASA classification score were analyzed
preoperatively. Type of surgery, the degree of appendicitis,
and the length of surgery were analyzed during surgery.
Oral intake, establishing peristalsis, length of hospitaliza-
tion, restitution of daily activities using Activity Assessment
Scale (AAS) modified for children, and the quality of life of
patients after surgery, were analyzed after surgery.

AAS is a measure of functional activity designed as part
of the postoperative period analysis. This scale measures
a wide degree of activity, and in the form of a question-
naire, it is easily and quickly filled out by the patient. AAS
modified for children was used to measure activity every
postoperative day, during the first five days, a month, three,
and six months after surgery. The patient’s ability to per-
form activities was measured through nine categories, from
behavior in hospital bed to the ability to go to school and
engage in sports activities after dismissing. All items have
response categories ranging 1-5. The response categories
for the activities are as follows: (1) no difficulty, (2) little
difficulty, (3) difficult, (4) very difficult, (5) unable to do so.

We especially observed the quality of life of patients
after surgery on the basis of the child’s health condition,
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limitations in performing daily activities, physical pain,
the child’s satisfaction, and anxiety. We used the modified
questionnaire SF 10 for children during the period of six
months after surgery.

Statistical analysis

Statistical analyses were performed using IBM SPSS
Statistics, Version 20.0 (IBM Corp., Armonk, NY, USA).
Descriptive statistical methods were used. The significance
of the differences between the two groups was determined
using the t-test of independence or the Mann-Whitney
U-test, depending on the normality of the distribution
determined by the Shapiro-Wilk test. Significance be-
tween categorical variables was determined using the x*
test. One-factor analysis of variance (ANOVA) with re-
peated measurements was used to determine the difference
between the quality of life after the first, third, and sixth
months. Statistically significant correlations between days
of hospitalization with daily activities were determined by
Pearson’s correlation analysis and linear regression model.
The influence of age and sex on the type of surgery and
the degree of inflammation as potential predictors of per-
forming daily activity in the observed time periods was
analyzed by multiple regression analysis. For daily activities
in the examined time intervals, the area under the curve
was determined by the receiver operating characteristic
(ROC) curve analysis. Values of p < 0.05 were considered
statistically significant.

RESULTS

Over a period of 10 months, we operated on 125 patients,
aged 2-18 years, due to acute appendicitis. Laparoscopic
technique was performed on 60 patients (48%), and the
open method on 65 (52%). Conversion (operative tech-
nique changed from laparoscopic to open method) was
made in four patients, and they were included into the
open group. There were no statistically significant differ-
ences between the treatment groups with respect to mean
age, sex distribution, preoperative risk assessment, the de-
gree of appendix inflammation. In both treatment groups,
most subjects belong to ASA I category, and only one child
belongs to ASA III (Table 1). The mean operative time was
65 minutes (range 25-185 minutes) when laparoscopy was
used. Open technique required statistically significantly
shorter period of time (mean 49.38 minutes, range 25-130
minutes; p < 0.001). In the majority of laparoscopically
treated patients (66.7%), peristalsis occurred on the first
postoperative day, whereas in 78.5% of the patients who
were classically operated on it was registered one day later,
which made a significant difference (p < 0.001). Oral feed-
ing was initiated earlier in patients operated on laparo-
scopically (in 85% on the first postoperative day) compared
to those operated on using open technique (on the second
postoperative day in 84.6%) (x* = 82.763; df = 4; p = 0.000).

Length of hospital stay in children operated on by lapa-
roscopy was 5.95 * 1.21 days and by open technique it was
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Table 1. Demographics data

Antic J. et al.

Table 2. Influence of sex, method of operation, degree of

inflammation, and age of the patients on daily activities in

. Laparoscopic Open Total S . .
Demographics (n = 60) (h=65 |(N=125) Significance the examined times
Sex ratio (M/F) 37/23 39/26 76/49% |  0.859* Parameter | Beta |Significance| R
Age (yr) (Mean + SD) 12.17 £3.55 | 11.09 + 3.69 0.100° 1st day 0.715
Degree of inflammation Sex 0.107 0.100
negative appendix n (%) | 5 (8.3) 3(4.6) 8 (6.4) 0.480* Group 0698 | <0.001
icated n 9 5 @17 6.2 m - Degree of inflammation | -0.125 0.048
uncoer ltcadte (;)( & 350((56)) ig E4:.2; 22 E49‘2; g‘igg* Age 0015 0818
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Figure 1. Distribution of length of hospitalization in days in relation
to the method of surgery

6.63 * 1.04 days, which is significantly longer (Z = -3.054;
p =0.002) (Figure 1).

AAS modified for pediatric population was used for
measuring period of time needed for recovering to every-
day activities. These results were compared for the first,
third, seventh postoperative day, as well as for one, three,
and six months after surgery. It is noticed that daily activi-
ties are established faster after minimally invasive surgery
in each observed time period. The difference was statisti-
cally relevant on the first (Z = -7.783; p = 0.000) and third
postoperative day (Z = -3.955; p = 0.000). The total score
of daily activities showed a statistically significantly better
overall score for the group of laparoscopic appendectomies
(Z =-7.667; p = 0.000) (Figure 2).

We analyzed the influence of special categories such as
the technique of surgery, the degree of inflammation of the
appendix, sex, and age on everyday activities.

From the partial influences on the performance of ev-
eryday activities after the first and third postoperative day,
the method of operation and the degree of inflammation
have a statistically significant influence. From the seventh
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Figure 3. Influence of hospital length on performing daily activitiesto
the method of surgery

day to six months after the operation, only the technique
of operation held a statistically significant (p < 0.05) effect
(Table 2). Results of the Mann-Whitney U-test showed sig-
nificantly better overall record of daily activities for a group
of laparoscopic appendectomy (Z = -7.667; p = 0.000).
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Figure 5. Quality of life at one month, three months, and six months
after surgery in laparoscopic and open technique groups

The influence of the length of hospitalization on daily
activities is shown in Figure 3, where a significant nega-
tive correlation was observed between daily activities
(r =-0.190; p = 037) and the length of hospitalization.

ROC analysis results suggested that randomly chosen
child operated on by laparoscopy performed better in
everyday activities than a child operated on using open
technique in 88.8% of cases on the first and in 68% of
cases on the third postoperative day (area under the ROC
curve - AUC = 0.888; p = 0.000; 95% CI = 0.825-0.951 and
AUC = 0.680; p = 0.000; 95% CI = 0.586-0.778, respec-
tively). There was no significant separation in other time
intervals examined (Figure 4).

In all examined indicators of the quality of life, children
of the laparoscopic group had a higher score. Statistically
significant (p < 0.01) is the fact that they complained less
about pain and were more satisfied. Children with acute
appendicitis operated on by laparoscopy achieved a high
level of the quality of life significantly earlier (t = 2.773;
p = 0.007). The quality of life increased gradually over
the time (F = 7.404; p = 0.007), with significantly better
results in the laparoscopy group after the first and third
month (Figure 5).
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Over 95% of parents reported their children’s quality
of life as excellent six months after the surgery in all the
patients. There was no difference in the quality of life be-
tween children in these two groups.

DISCUSSION

The advantages of laparoscopic surgery in relation to open
surgery are described in many papers in terms of postop-
erative recovery, reduced pain, significantly better aesthetic
result, and a total number of complications [12, 13, 14].
However, many studies have described that the length of
the operation, and even the cost of treatment, are higher
with the laparoscopic technique compared to the open one
[15, 16]. In our study, the mean operative time was 65
minutes (range 25-185 minutes) when laparoscopy was
used. The open technique required statistically signifi-
cantly shorter period of time (mean 49.38 minutes, range
25-130 minutes; p < 0.001). Recent studies have indicated
that the operative time for laparoscopic appendectomies
in uncomplicated appendicitis is even shorter compared
to the open technique. One study showed that the average
operative time for laparoscopic appendectomies today is 41
minutes in the trainee group vs. 39 in the surgeons group
[16]. Another meta-analysis shows that increased experi-
ence of surgeons and nursing staff indeed decreased the
operating time [17].

Analyzing immediate postoperative recovery in our
study, in majority of the laparoscopically treated patients
(66.7%), peristalsis occurred faster, oral feeding was ini-
tiated earlier. These results, which indicate a statistically
significant difference between the two groups of patients,
definitely confirm the advantage of the laparoscopic ap-
proach in resolving acute appendicitis. Seqsaqa et al. [13]
compared the results of open and laparoscopic appendec-
tomy in complicated appendicitis. Patients could tolerate
oral intake after 2.37 £ 0.85 days in the open appendectomy
group vs. 1.9 £ 0.71 days in the laparoscopic appendectomy
group, which was significantly faster with laparoscopic ap-
pendectomy (p = 0.025). Meta-analysis of Neogi et al. [3]
showed that the laparoscopy group has a statistically signif-
icant shorter time taken to oral intake as compared to open
appendectomy, with almost no statistical heterogeneity.

The length of hospital stay in children operated on by
laparoscopy was significantly shorter. Patients of both
treatment groups with complicated appendix had a statis-
tically significantly longer hospital stay than children with
negative and uncomplicated appendix. According to results
of some recent studies, the length of hospitalization after
laparoscopic appendectomy is significantly shorter com-
pared to open appendectomy, which is explained by faster
postoperative mobilization of the patient and recovery. In
this way, costs of treatment are reduced and the return of
patients to daily life activities is accelerated [3, 13]. Most
authors agree that the length of hospital stay is shorter for
patients operated on with laparoscopy. Median hospital
stay for laparoscopic appendectomy varies among authors.
Some report a median stay of three days in cases of simple
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appendicitis and 5.2 days in cases of peritonitis. In other
studies, it varies 2.06-4.1 days [3].

Restoring daily functioning is an important measure of
patient satisfaction. The AAS is a measure of functional ac-
tivity designed as part of the postoperative period analysis.
This scale measures a wide range of activities in the form
of a questionnaire that is easily filled out by the patient
[18, 19]. This instrument was constructed to analyze the
results of a multicenter study after open and laparoscopic
operations for inguinal hernias [18]. McCarthy et al. [20]
classified physical activities at 13 levels of physical activity,
and scoring was done according to the degree of difficulty
in performing them.

The questionnaire created for the purposes of this study
is a modified form of the AAS questionnaire, with the nec-
essary adaptation to children’s age. Physical activities were
classified to four or five levels according to the difficulty
in performing them. Then, we analyzed them on the first,
third, seventh postoperative day, one month, three months,
and six months after the operation. In our study, it was
very clearly observed that a significantly higher number
of patients from the laparoscopy group did not have or
had minimal difficulties in getting up, sitting, and walk-
ing compared to the group of open appendectomies. At
the end of the observed period, the results of the analysis
were equalized. It can be concluded on the basis of the
mentioned analysis that faster recovery of children after
laparoscopic appendectomy was confirmed, in relation to
the therapeutic group of open appendectomies.

The effects of treatment on the functioning of patients
and on their quality of life have been the subject of much
research for decades [21, 22, 23]. When the postoperative
course was analyzed through the prism of the quality of
life of patients, the questionnaire SF-10, which was modi-
fied for the needs of our study, was especially emphasized
in clinical practice. This questionnaire was completed by
parents and contains 10 questions to assess physical and
psychosocial categories.
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Within this analysis, limitations in performing daily ac-
tivities, the presence of pain, child satisfaction, and anxiety
after surgery were assessed. In our study, a statistically sig-
nificantly better quality of life is clearly seen in the group
of children laparoscopically operated on, especially in the
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mation of faster recovery and return to daily activities after
laparoscopic appendectomies.

The quality of life increased gradually over the time in
all the patients, but in the first and the third month after
surgery it was significantly better in the group of patients
operated on with the minimally invasive approach.

CONCLUSION

It is already known that laparoscopic appendectomy,
like any minimally invasive technique, causes less tissue
trauma, which is associated with less postoperative pain,
shorter hospital stay, and better cosmetic result. The ad-
vantage of minimally invasive surgery in the treatment
of acute appendicitis in children is reflected in the faster
re-establishment of everyday functioning and, therefore,
a faster overall recovery, resuming normal activities, and

a good quality of life.
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MpoueHa nocTonepaTUBHOr ONOPaBKa HAKOH aneHAEKTOMMje Koa Aeue
— NanapocKoncKa y nopehery ca KAaCUYHOM TEXHUKOM

Jenena AHTuh, Pagouua Jokuh, CetnaHa bykapuua, ViBaHa Jlykuh

YHusep3uteT y Hoom Cagy, MeauumHcku dakyntet, Hosu Cag, Cpbuja;

WHCTuTYT 33 3gpaBCTBEHY 3aWWTNTY feLle 1 omnaauHe BojsoauHe, KnuHuka 3a geujy xupyprujy, Hosu Cag, Cp6uja

CAMETAK

YBoa/Liwb XnpypLUKO neyere NpeacTassba,3naTHn CTaHgapa”
y TPeTMaHy akyTHOI aneHAMuMTICa KOf neaujaTpujckmx 60o-
NeCHVIKa.

Linmb cTypuje je fa ce yTBpAn epekaTt oTBOPEHE 1 Nanapo-
CKOINCKe TeXHMKe Ha NMocTonepaTrBHU OropaBak, MoBpaTak
CBaKOAHEBHVIM aKTUBHOCTMMA U KBaNIMTET XMBOTa 6onecHyKa
ornepucaHux 360r akyTHOT aneHauLMTUACA.

Metope OBa npocnekT/BHa cTyauja paheHa je Ha MHCTUTYTY
3a 3[1paBCTBEHY 3aLUTUTY feLle 1 omnaaviHe BojsoanHe Tokom
necet meceuu. Ctyaujy je opobpuo Etuukm opbop UHctutyTa.
CBU 6ONECHNLM XUPYPLUKY IeYeHN 300r aKyTHOT aneHAULNTI-
Ca NOAe/beHN Cy y iBE OCHOBHE rpyne y OAHOCY Ha XVPYPLUKY
TEXHUKY: OTBOPEHa VSN TaMapOCKOMCKa aneHAeKToMumja 1y TPy
noArpyne, y 3aBUCHOCTM Off CTeNeHa ynare aneHaunkca. AHanu-
3VIpanu CMo Jy»KVHy onepavuuje, 3anounHarbe opanHor yHo-
Ca, ycrnocTaB/batbe NepuCTanTyrike, ByXKUHY Xocnutanvsauuje,
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noBpaTtak CBakOAHEBHNM aKTUBHOCTMMA W KBAJIUTET XKMBOTa
rocne onepauuije.

PesynTtaTtu Jlanapockoncka TexHuKa u3BefeHa je kog 60 60-
necHuKa (48%), a otBopeHa meTofa Kop 65 (52%). Kog BehnHe
NanapoCKONCKM onepucaHunx bonecHrka (66,7%) neprcTtantiika
je ycnoctasrbeHa paHuje (p < 0,001), xocnuTtanu3auuja je una
Kpaha (5,95 £ 1,21 paHa) (Z=-3,054; p = 0,002), yKynHu cKop
[OHEBHVIX aKTVBHOCT MOKA3a0 je CTAaTUCTUYKM 3HauajHO 6osby
YKYNHY BpeaHocT (Z =-7,667; p = 0,000) 1 NOCTUTHYT je BUCOK
HMBO KBaNIMTETa XMBOTa 3HATHO paHuje (t =2,773; p = 0,007).
3akrbyyak [peJHOCT MUHVMANTHO NHBA3VBHE XNpypruje y
neyetby aKyTHOT aneHAULMUTICA KOZ AeLie orfefja ce y bpxem
NMOHOBHOM YCMOCTaB/bakby CBaKOAHEBHOT GYHKLIMOHMCaMba,
6p>kem orMopaBKy 1 JOOPOM KBAIMTETY XKMBOTA.

KrbyuHe peun: aneHanLmMTNC; MUHUMATHO MHBA3VBHA XNPYP-
rvija; NoBpaTak CBakofHEBHVIM akTVBHOCTUMA; KBA/IUTET KMBOTa;
feua
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Association of bacterial vaginosis with the most
common sexually transmitted infections
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SUMMARY

Introduction/Objective Bacterial vaginosis (BV) is the most common vaginal dysbiosis that increases the
possibility of getting sexually transmitted infections (STI). The objectives of this research are to examine
association between BV and the nine most common causes of STIs (Chlamydia trachomatis, Mycoplasma
genitalium, Mycoplasma hominis, Ureaplasma spp., Trichomonas vaginalis, Neisseria gonorrhoeae, high-risk
human papilloma viruses and herpes simplex virus types 1 and 2) and to determine if the presence of BV
increases the probability of coinfection with any of the STl microorganisms.

Methods This study involved 235 patients of reproductive age. One sample swab each was collected
for vaginal and cervical testing. The vaginal swabs were used for the detection of BV by the reverse
transcription polymerase chain reaction (RT-PCR) test. The cervical swabs were used for the detection of
the most common STls, which were tested by four different multiplex RT-PCR tests. Pearson’s x? test and
Fisher’s probability test were used for statistical analysis of the results.

Results Comparison of the total number of STIs and the condition of the vaginal flora has shown that
STls are the most common in patients with BV (80; 89.9%). Women with BV have a higher frequency of
infections with Ureaplasma spp. and M. hominis, 71 (78.9%) and 50 (44.4%), respectively. The presence
of detected STI pathogens and relation with the state of vaginal flora indicate that mono infections are
present most often in patients with normal flora (51; 42.1%), while coinfections are mostly present in
BV patients (50; 55.6%).

Conclusion This study has confirmed the association of M. hominis and Ureaplasma spp. with BV as well
as an association of coinfections with this dysbiosis. Better understanding of the association between
various STls and the status of vaginal flora is necessary to enable better diagnosis, prevention of diseases
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and women'’s health protection.
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INTRODUCTION

The vaginal microbiome consists of various
microorganisms which coexist in dynamic bal-
ance, establishing complex interconnections
not only among themselves, but also with a
host. In healthy women of reproductive age,
the vaginal microbiome predominantly con-
tains bacteria of the genus Lactobacillus. These
bacteria support vaginal homeostasis and pre-
vent colonization and growth of unwanted mi-
croorganisms including Sexually transmitted
infections (STI) [1, 2].

The most common imbalance of vaginal flo-
ra is bacterial vaginosis (BV). It is a microbial
dysbiosis in which normal microflora, consist-
ing of predominantly Lactobacillus microflora,
is replaced with numerous anaerobic bacteria,
herein referred to as bacterial vaginosis-asso-
ciated bacteria (BVAB). Symptoms of BV are
increased gray or white vaginal discharge, itch-
ing or local discomfort, although symptoms are
absent in 50% of patients [3, 4].

According to the World Health Organization
data, 376 million people get infected with STIs
globally every year, which indicates the im-
portance of this public health problem [5].
STIs include more than 30 bacterial, viral, and

parasitic pathogens which can be transmit-
ted via vaginal, anal, or oral sex. Some of the
most common STIs are Chlamydia trachoma-
tis, Mycoplasma genitalium, Mycoplasma homi-
nis, Ureaplasma spp., Trichomonas vaginalis,
Neisseria gonorrhoeae, and human papilloma
viruses [6]. There is a great number of clinical
manifestations caused by STTs in the female up-
per and lower reproductive tract, but some of
the most common ones are as follows: pelvic
inflammatory disease, cervicitis, ectopic preg-
nancy, miscarriage, chronic pelvic inflamma-
tory disease, neonatal infections, genital cancer,
etc. [7]. Asymptomatic STTs are quite challeng-
ing, as these infections are difficult to identitfy,
while they are easily transmissible in a sexually
active population [5].

Various studies have indicated that BV in-
creases the chances of STIs [8, 9]. Reduction
of protective Lactobacillus types and changes
in the vaginal environment such as increased
pH, or reduction of lactic acid concentration
enables the survival of vaginal pathogens. BVAB
produces mucin-degrading enzymes (such as si-
alidase), which degrade the mucosal membrane
of the vaginal epithelium and cervix, considered
one of the most important components of the
barrier against infection. The degradation of
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mucin and glycogen may cause microabrasions and changes
in epithelial cells, which can make pathogen attachment to
the receptors on epithelial cells easier. In addition, during
BV, the immune balance is affected in a way that causes
increased levels of proinflammatory cytokines, which make
women more susceptible to STTs [6].

The objectives of this research paper are to establish
an association between BV and the nine most common
causes of STIs (Chlamydia trachomatis, Ureaplasma spp.,
Mycoplasma genitalium, M. hominis, Trichomonas vagina-
lis, Neisseria gonorrhoeae, high-risk human papilloma virus
types (HR-HPV-16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59), herpes simplex virus types 1 and 2 (HSV-1, HSV-2),
and to examine if the presence of BV increases the prob-
ability of coinfection with any of the STT microorganisms.

METHODS

This cross-sectional study was conducted on women of
reproductive age who attended regular gynecological
examinations at the Centre for Gynecology and Human
Reproduction, Military Medical Academy, Belgrade,
Serbia, during the period from November 2018 to
December 2019. The patients included asymptomatic cases
and those with various vaginal complaints. Exclusion cri-
teria included recent antibiotic use (> 2 weeks) prior to
sample collection. All the patients provided full informed
consent for participation. The research has been approved
by the Ethics Board of the Military Medical Academy.

One sample swab was collected for vaginal and cer-
vical testing each (FLOQSwab, COPAN, Murrieta, CA,
USA) for molecular analysis using multiplex RT-PCR.
After collection, the swabs were placed into transport me-
dium, vortexed, and stored at -20°C until DNA extraction
(DNA-sorb-AM, AmpliSens, Moscow, Russia), which was
performed according to the manufacturer’s instructions.

The vaginal swabs were examined for the presence
and quantification as well as interrelationship between
Lactobacillus spp., Gardnerella vaginalis, Atopobium vaginae,
and total concentration of bacterial DNA using a quantita-
tive real-time PCR (RTQ-PCR) (AmpliSensFlorocenosis/
Bacterial vaginosis-FRT). Microsoft Excel (Microsoft
Corporation, Redmond, WA, USA) software was used to
calculate three coefficients. The coefficients RC1 = log (Lac
DNA) - log (Gv + Av DNA), RC2 =log (Bac DNA) - log
(Lac DNA), RC3 = log (Bac DNA - log (Gv + Av DNA)
were determined by the mutual relations be-

The cervical swabs were used for the detection of STIs
and were tested by four different commercial RT-PCR tests.
The first one detected C. trachomatis, Ureaplasma, M. geni-
talium, M. hominis; the second one detected T. vaginalis
and N. gonorrhoeae; the third test identified HSV-1/HSV-2;
and the fourth RT-PCR was used for the detection of HR-
HPV (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59). All PCR
reactions were done on a PCR thermocycler (Sa-Cycler 96,
Sacace Biotechnologies, Como, USA).

Statistical analysis

To assist statistical analysis, the PCR test results for BV
were categorized into three groups: normal, BV, and ab-
normal non-BV flora. The flora of nonspecific etiology
and intermediary flora were considered to be abnormal
non-BV flora. A result of ‘bacterial load decreased’ was
considered a normal finding.

Association between dependent and independent vari-
ables was tested using Pearson’s x* test or Fisher’s prob-
ability test. Statistical hypotheses were tested at the level of
statistical significance (alpha level) of 0.05. All data were
processed in the software package IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA).

RESULTS

In total, 235 patients of reproductive age were recruited for
this study with the average age being 29.39 years (+ 6.685).
The results (RT-PCR) for BV showed that 121 (51.4%)
women had normal (healthy) flora, 90 (38.2%) had BV,
nine (3.8%) were denoted as intermediate, and 15 (6.4%)
had vaginal flora of non-specific etiology.

Using four different RT-PCR tests, the frequency of the
most common STIs were examined. The tests detected C.
trachomatis (16; 6.8%), Ureaplasma spp. (143; 60.9%), M.
hominis (66; 28.1%), M. genitalium (2; 0.9%), HR-HPV 12
types (70; 29.8%), T. vaginalis (3; 1.3%), HSV-1 (2; 0.9%),
HSV-2 (2; 0.9%), while N. gonorrhoeae was not detected
in any sample.

Out of 235 patients, 179 (76%) had one of the STT mi-
croorganisms detected, while 56 (23.8%) were negative for
all microorganisms. Simultaneous presence of more than
one microorganism was detected in 93 patients (39.6%).
The distribution of mono- and coinfections is presented
in Figure 1.

tween those bacteria. Based on coefficients,
the patients were grouped in the following
categories: normal vaginal flora (RC1 > 1,
Lactobacillus spp. is the dominant flora);
intermediate flora (0.5 < RC1 < 1, the same
number of Lactobacillus spp. and aerobic
bacteria); BV (RC1 < 0.5, dominant G. vagi-
nalis and A. vagine); vaginal flora of non-
specific etiology (RC2 > 1, RC3 > 2, any RC1
value, small concentration of Lactobacillus

1,70%

™ No presence of STI

m presence of one microorganism

u presence of two microorganisms

M presence of two three microorganisms
m presence of four microorganisms

spp., but also G. vaginalis, A. vagine).
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Figure 1. Distribution of mono- and coinfection
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Table 1. Association between bacterial vaginosis (BV) and the presence of total sexually

transmitted infections (STI)

Atanasievska-Kujovi¢ S. et al.

DISCUSSION

5 Normal ' Flora of This paper employs molecular meth-
5 Presence fl BV Intermediate | unspecified Total X .

g ora i ods to investigate the prevalence of
€ v . .

2 [ | nopresence | 37(30.6%) | 10(11.1%) | 2(22.2%) | 7(467%) | 56(238%) | DY in women of reproductive age but
f: presence | 84 (69.4%) | 80 (88.9%) | 7 (77%) 8(53.3%) |179(762%)| 2lsO Fhe'aSSOCIaUOﬂ between vaginal
= Total 121 (51.4%) | 90(38.2%) | 9 (3.8%) 15 (6.4%) | 235 (100%) dysbiosis and some of the most fre-

of vaginal flora

Table 2. Distribution of sexually transmitted infection pathogens in correlation with the state

quent STI pathogens. Investigations
into the association of BV and STIs
traditionally use Nugent score or

Abnormal non-BV Amsel criteria, which are the gold
Pathogens Ng(r)rrr;al BV NS Flora “f’.f q p standard in BV diagnostic method
ntermeciate ugiﬁjg'gf [10-13]. We have used RT-PCR di-
C. trachomatis 5(41%) | 10(11.1%) 0 1(6.7%) 0.2 agnostic testing for BV in the study
Ureaplasma spp. 63 (52.1%) | 71(78.9%) | 5 (55.6%) 4(26.7%) <001 | because there is research that dem-
M. genitalium 0 2 (2.2%) 0 0 0.34 onstrates shortcomings in the ap-
M. hominis 20(16.5) | 50 (44.4%) | 3 (33.3%) 3(20.0%) <001 | plication of the Amsel criteria and
T. vaginalis 1(0.8%) | 1(1.11%) 0 1(6.7%) 0.33 Nugent score methods [14, 15].
N. gonorrhoeae 0 0 0 0 - AmpliSensFlorocenosis/Bacterial
HR-HPV vaginosis-FRT in relation to Nugent
(6,18,31,33,35,39, | 34(37%) | 25(50%) 6 (75%) 5 (45%) 0.125 score, Amsel criteria, vaginal culture,
45,51, 52, 56, 58, 59) and BD MAX Vaginal panel shows

HSV-1 1(0.8%) 1(1.1%) 0 0 1 . s
the highest degree of association re-

HSV-2 0 1(1.1%) 1(11.1%) 0 0.3

HSV - herpes simplex virus; HR-HPV - high-risk human papilloma virus; BV - bacterial vaginosis

Table 3. Association between bacterial vaginosis and presence of mono- and coinfection

lated to 16S rRNA genome sequenc-
ing with microbiome analysis, pre-
sented in research paper by van den

. Normal vaginal Abnormal non-BV Munckhof et al. [16]. The RT-PCR
Infection BV . . Total . .

flora microbiota test used is based on detection and

No presence of STI 37 (30.6%) 10 (11.1%) 9 (37.5%) 56 (23.8%) quantification of G. vaginalis and A.

Mono infection 51(42.1%) | 30 (33.3%) 5 (20.8%) 86 (36.6%) vaginae, which are important markers

Coinfection 33(27.3%) | 50 (55.6%) 10 (41.7%) 93 (39.6%) for BV diagnostics. On the grounds

Total 121(51.4%) | 90 (38.2%) 24 (10.4%) 235 (100%) of the relationship of these two an-

BV - bacterial vaginosis; STl - sexually transmitted infection

The results have shown that there is a statistically signif-
icant difference (x> = 15.380, p = 0.001) between the total
number of STIs and the condition of the vaginal flora ob-
tained by RT-PCR BV. ST1s are most common in patients
with BV (80; 89.9%) followed by women with intermediate
flora (7; 77.8%) (Table 1).

Distribution of the presence of various STI pathogens
in correlation with the state of vaginal flora is shown in
Table 2. Statistical significance of correlation of STI patho-
gens related to the state of vaginal flora exists only with
Ureaplasma spp. and M. hominis, while no such signifi-
cance was identified with other pathogens. Although there
is no significant difference in distribution of correlation
with the state of vaginal flora, it has been confirmed that
the largest percentage of STI-positive pathogens is in pa-
tients with BV.

The association between BV and the presence of mono-
and coinfection is presented in Table 3. There is statisti-
cal significance between the presence of monoinfections
and coinfections compared to the state of vaginal flora
(x*=23.677,p < 0.001). In most cases, women with normal
flora had monoinfection (51; 42.1%), while women with
BV had coinfection (50; 55.6%).

DOI: https://doi.org/10.2298/SARH211116018A

aerobes — lactobacilli and the total
number of bacteria - the test enables
assessment of the status of the vaginal flora. Our results in-
dicate that BV prevalence is 38.2% in our study population.

This research has shown that women with BV have a
higher frequency of infections with Ureaplasma spp. and
M. hominis. Since M. hominis and Ureaplasma spp. can be
found in both healthy individuals and women with BV,
there is an ongoing debate and disagreement on the de-
tection of these pathogens. Due to this fact, the presence
of M. hominis and Ureaplasma spp. in the urogenital tract
is not definitive proof of infection and, as such, can be a
significant clinical problem. It is considered that the iden-
tification of these two pathogens is not adequate without
the assessment of the status of vaginal flora. On account
of these pathogens’ association with various reproductive
problems (chorioamnionitis, endometritis, postpartum
fever, low birth weight, and preterm delivery) we consider
that their identification is of great importance, particularly
if BV is present as well [17, 18].

Some STI pathogens (C. trachomatis and HR-HPV)
have been detected in women with all three states of vagi-
nal flora. However, we have confirmed that the highest
percentage of BV patients is positive with C. trachomatis
(11.1%). At the same time, the highest percentage of HPV-
positive patients are in the intermediate vaginal flora (75%)
and BV (50%) groups.

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):314-318



Association of bacterial vaginosis with the most common sexually transmitted infections

In this study, some of the pathogens, such as M. geni-
talium, T. vaginalis, HSV-1/HSV-2, have been detected in
a very small percentage of swabs or have not been identi-
tied at all (N. gonorrhoeae). Considering these results, the
opportunity to compare these STI pathogens with various
states of vaginal flora has been limited.

The presence of detected STI pathogens and relation with
the state of vaginal flora indicate that monoinfections are
most often present in patients with normal flora (42.1%),
while coinfections with two, three, or four pathogens are
mostly present in BV patients (55.6%). Other research stud-
ies have also confirmed an association of coinfection and
certain STI pathogens with BV [19, 20, 21]. A large number
of studies examine the association between STIs and BV, but
they rarely include as many pathogens as the current study.

Huge gaps in our knowledge of STI etiology remains
an issue, including coinfection and its links with certain
clinical manifestations. Bacterial coinfections impact sig-
nificantly the process of pathogenesis and appearance of
clinical manifestations [22, 23]. It is also indicative that
coinfections may be present in asymptomatic patients [24].
Compared to infections, coinfections change the process
of inflammation in different ways. They also provide fer-
tile ground for the multiplication of opportunistic myco-
plasma and its pathogenic effects. The mediators freed by
the process of inflammation can cause stagnation in the
development cycle of C. trachomatis and lead the process
into inactive, persistent form. Urogenital mycoplasma can
prolong the inflammation of the urethra even after the
elimination of C. trachomatis if there is a resistance to an-
tibiotic therapy. A great number of microorganisms reduce
bioavailability of applied medication during the infection
therapy. For this reason, it is important that further STI
research targets coinfections, their pathogenesis, eradica-
tion, and efficiency of therapy [22].

In patients with abnormal flora (not related to BV),
there was a high percentage of coinfections (41.7%), but
also no presence of STI pathogens (37.5%). However, since
we detected, while using PCR tests, a small percentage of
patients with intermediate vaginal flora and flora of non-
specified etiology, our results cannot adequately confirm
the association of abnormal non-BV vaginal flora and STI
pathogens.
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MoBe3aHoCT 6aKkTepujcKe BarmHo3e U Hajuewhmx y3pouHMKa CeKCyasiHo NPEHOCHBMUX

nHdeKumja

Corba AtaHacmeBcka-Kyjouh', Enuzabeta Puctanosuh', BecHa Mpotuh-Hokuh', NaHe HeHaguh?

'BojHOMeAMLMHCKa akaiemmja, VIHCTUTYT 3a Miukpobronorujy, beorpag, Cp6uja;
BojHOMeaMLMHCKa akagemuja, LieHTap 3a ruHekonorujy n xymaHy penpogykuujy, beorpag, Cp6uja

CAXETAK

YBoa/Lum baktepujcka BarvHo3a (bB) Hajuewwha je BarmHan-
Ha Jucbro3sa Koja nosehaBa MOryhHoOCT HacTaHKa CeKcyanHo
npeHocmeux nHdekuuja (Crin).

Linm oBor nctpaxmsama je yrBphrsare nosesaHoctvi bB un
geBert Hajuewhux y3pouHuka CMW (Chlamydia trachomatis,
Ureaplasma spp., Mycoplasma genitalium, Mycoplasma hominis,
Trichomonas vaginalis, Neisserria gonorrhoeae, BACOKO pU3nyHm
TUNOBMW XyMaHOT Nanuaoma Br1pyca, BUpYC Xepnec cumrieKca
Tna 1 v 2) n ga nu npucyctso bB nosehasa BepoBaTHohy 3a
noctojatbem KomHdekLuje Hekum of y3pouruka Cri.
MeTtope Y cTyanjy je ykibyueHo 235 XeHa Yy penpoayKTunBs-
HOM Mnepuogy. JefaH BarvHaaHW 1 jeaaH LepBukanHu 6puc
KopuwwheHu cy 3a MoneKynapHy aHanwu3y. BarviHanHu 6pucesm
KopuwheHu cy 3a getekuujy BB 1 npoueHy BarnHanHe ¢pno-
pe y3 nomoh MynTunieKcHor KBaHTuTaTuBHor RT-PCR TecTa.
LlepBukanHu 6puc je KopuwheH 3a JoKa3nBakbe NpMCyCcTBa
CeKCyasHO NPEHOCMBYX NaToreHa Koju Cy UCMUTaH ca YeTu-
pu pasnuunta KomepumjanHa RT-PCR TecTa. 3a CTaTUCTUUKY

DOI: https://doi.org/10.2298/SARH211116018A

aHanusy pesyntata KopuwwheHu cy MupcoHos x* 1 Orepos
TecT BepoBaTHORe.

Pesyntatu Mopeherbe npucycTBa yKyrnHor 6poja y3pouHuka
ClMW'y 3aBMCHOCTY Of CTatba BarnHanHe Gpriope nokasyje fa cy
CIMW Hajuewhe kop 6onecHmka ca BB (80; 89,9%). *KeHe ca BB
1Majy nosehaHy yuyectanoct nHdekumja ca Ureaplasma spp. n
M. hominis, 71 (78,9%) ogHocHo 50 (44,4%). MprcycTBO CBUX
petekToBaHmX y3poyHuka CMW y ogHocy Ha cTambe BarmHanHe
dnope nokasyje fa cy MoHomHdeKLmje Hajuellhie npucyTHe KOA
6onecHuKa ca HopmanHom dnopom (42,1%), Aok cy KonHdek-
umje (55,6%) HajBuLLe MPUCYTHE KOA »eHa ca bB.

3aksbyuak VctpaxuBare je nokasano acouujauujy M. hominis
n Ureaplasma spp. ca BB Kao 1 noBe3saHocT KouHbeKLyja ca
0BOM Ancbrno3om. PazymeBare nosesaHocTn n3mehy pasnu-
uutrx CIMN 1 cTarba BarvHanHe Gpaope je HeOMXoAHO Kako 6u
ce omoryhuna 6osba ujarHocTrKa 1 npeBeHLmja 6onecty, Kao
1 3aLUTUTA 34PaB/ba »KeHa.

KmbyuHe peun: 6akTepujcka BarviHo3a; CeKCyanHo NpeHocuBe
nHdeKuwje; konHdekuuje, RT-PCR
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Selective laser trabeculoplasty as adjunctive
treatment in pseudoexfoliative glaucoma patients
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Kragujevac Clinical Center, Clinic of Ophthalmology, Kragujevac, Serbia;
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SUMMARY

Introduction/Objective Pseudoexfoliation syndrome is characterized by abnormal production and ac-
cumulation of fibrillar, white-gray, “dandruff-like” material in almost all ocular structures. The aim of this
study was to examine effect of selective laser trabeculoplasty in pseudoexfoliation glaucoma patients.
Methods Thirty-two patients (47 eyes) with medically uncontrolled pseudoexfoliation glaucoma were
enrolled. All the patients could not reach target intraocular pressure with maximal tolerated medical
therapy before treatment. Selective laser trabeculoplasty was performed with about 100 non-overlapping
spots. Intraocular pressure was measured one hour, seven days, four weeks, three, six, twelve, eighteen,
and twenty-four months after the procedure.

Results The mean base intraocular pressure was 23.45 mmHg (SD = 3.07). Statistically significant reduc-
tion of mean intraocular pressure was observed at all follow-ups except one hour after treatment. Mean
intraocular pressure after 24 months was 18.39 mmHg (SD = 1.82). Success, defined as intraocular pres-
sure reduction from base intraocular pressure by more than 20% after 24 months, was achieved in 27
eyes (57.45%). We did not find any influence of sex and age on selective laser trabeculoplasty effects in
pseudoexfoliative glaucoma patients. Baseline intraocular pressure is proved to be a reliable predictor
of intraocular pressure-lowering effect, as there was a strong correlation between baseline intraocular
pressure and the percentage of reduction of intraocular pressure after 24 months (r=0.71, p < 0.01).
Conclusion Selective laser trabeculoplasty is a safe and effective method for the reduction of intraocular
pressure in pseudoexfoliation glaucoma patients and should be used more often in this challenging form

of glaucoma. Baseline intraocular pressure seems to be a reliable predictor of success.
Keywords: selective laser trabeculoplasty; pseudoexfoliative glaucoma; intraocular pressure

INTRODUCTION

Pseudoexfoliation syndrome is a systemic dis-
ease of the extracellular matrix with primary
ocular manifestations. Syndrome is character-
ized by an abnormal production and accumu-
lation of fibrillar, white-gray, “dandruff-like”
material in almost all ocular structures. The
pseudoexfoliative material is produced by
cells of the anterior segment of the eye. This
material is insoluble and floats in the aque-
ous humor, and is most often deposited on the
structures of the eye in contact with aqueous
humor, such as the lens, ciliary body, corneal
endothelium, and trabecular meshwork (TM).
In clinical presentation, it is usually seen on the
pupillary margin, anterior capsule of the lens,
and on TM. Pseudoexfoliative material can dis-
turb the function of goblet cells in conjunctiva,
which causes tear film instability and dry eye
syndrome. Structure of this material is fibrillar
and it contains parts of basal membranes and
some enzymes [1, 2, 3].

Accumulation of this material in the TM can
lead to its obstruction and to increased intra-
ocular pressure (IOP). Pigment granules can be
seen in the anterior chamber angle and they are
probably released from the iris while rubbing

on the fibrillar deposits on the lens. Pigment
granules can participate in clogging of TM.

Pseudoexfoliation (PXF) syndrome is the
most common cause of secondary glaucoma,
although not all patients with pseudoexfolia-
tion syndrome will encounter this disease [1].

It is known that PXF glaucoma is a very dif-
ficult form of glaucoma to treat [2], with high
IOP and rapid unpredictable progression of the
disease [4]. It is quite challenging for treatment
because it often responds poorly to medical
therapy. Treatment of glaucoma includes medi-
cal, laser, and surgical treatment.

Laser trabeculoplasty as a method for lower-
ing IOP has been in use for more than 40 years.
It was first introduced by Wise and Witter in
1979 [5]. At that time, argon laser was user for
this method, so it was called argon laser trabec-
uloplasty (ALT). ALT has shown good results in
lowering IOP although its mechanism of action
has never been completely understood. Later it
was noticed that it is often followed by scaring
in the iridocorneal angle and occurrence of pe-
ripheral anterior synechia. This finding limited
ALT to a single application in one patient.

First results with selective laser trabeculo-
plasty in lowering IOP in patients with open
angle glaucoma were presented in 1995 by
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Park and Latina [6]. This method is in commercial use
since 2001 [6]. For this procedure, Q-switched, frequency-
doubled laser with a wavelength of 532 nm is used. Laser
beam is directed at TM and duration of the pulse of laser
energy is only 3 ns. Small amount of laser energy released
is enough to heat and damage only pigmented cells of TM
that absorbs light energy to a greater extent than surround-
ing non pigmented cells of TM.

The aim of this study was to analyze the effects of se-
lective laser trabeculoplasty on patients with medically
uncontrolled PXF glaucoma. We examined the signifi-
cance of JOP reduction compared to baseline IOP during
follow-up period of 24 months, influence of baseline IOP
value to the percentage of reduction, as well as influence
of demographic characteristics.

METHODS

In this prospective, nonrandomized, self-controlled, inter-
ventional cohort study 32 patients (47 eyes) with medically
uncontrolled pseudoexfoliation glaucoma were enrolled
to assess the response to SLT. With the approval of insti-
tutional Committee on Ethics and according to the tenets
of the Declaration of Helsinki, all the patients gave their
written consent at the beginning of the study.

All patients could not reach target IOP with maximal tol-
erated medical therapy. Patients underwent detailed ophthal-
mological examination before procedure: Snellen visual acu-
ity, slit lamp examination of anterior segment, gonioscopic
examination of anterior chamber angle, optic disc examina-
tion and visual field testing which confirmed diagnosis.

The study was conducted at an opthhalmological hos-
pital, Belgrade Ophthalmological Center, Belgrade, Serbia
from June 1, 2019 until June 1, 2021. All the procedures
were done by one experienced ophthalmologist.

Selective laser trabeculoplasty was performed over 360
degrees of TM.

IOP was measured one hour, seven days, four weeks,
three, six, 12, 18, and 24 months after the procedure.
Baseline characteristics of all the patients were recorded
at the beginning of the study. These include the following:
age, sex, diagnosis, baseline IOP, and the number and the
type of used medications.

Patient inclusion criteria were IOP above target IOP
with maximal tolerated medical therapy in patients with
pseudoexfoliation glaucoma. Patients had to be older than
18 years to participate in the study.

Exclusion criteria were advanced-stage glaucoma; pa-
tients who underwent any previous antiglaucoma laser or
surgical procedure; eyes with previous anterior segment
surgery, such as cataract extraction within the previous six
months, and patients with baseline IOP > 30 mmHg with
fully medicated local and per oral antiglaucomatous treat-
ment (carbonic anhydrase inhibitors). Patients who could
not be followed for at least 24 months were also excluded
and their results were removed.

During four weeks before treatment, IOP was measured
at least two times in all the patients in order to get the
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baseline IOP as a mean value of these measurements. IOP
was measured using the Goldmann applanation tonometer.

Immediately before treatment, IOP was measured and
after that 0.5% solution of apraclonidine was instilled in
the treated eye with the aim to prevent IOP spikes [7, 8].

The procedure was performed with a topical anesthetic -
benoxinate hydrochloride 0.4%. With the patient seated at the
laser slit-lamp system, a Goldmann three-mirror goniolens
or Latina lens was placed on the eye with methylcellulose 2%.

All eyes were treated with Ellex, Tango® SLT laser (Ellex
Medical Pty. Ltd, Adelaide, Australia) a frequency-doubled,
Q-switched Nd: YAG laser emitting at 532 nm with fixed
pulse duration of 3 ns and a spot size of 400 pm. Treatment
began at 0.8 mJ and was titrated according to the response. If
cavitation bubbles appeared the laser energy was reduced by
0.1 mJ until no bubbles formed and treatment was continued
at this energy level. If no cavitation bubble was observed,
the pulse energy was increased by 0.1 m]J until bubble for-
mation and then decreased as described above. Sometimes
higher energy was required for the treatment of the superior,
less pigmented angle. Approximately 100 adjacent, but non
overlapping, laser spots were placed over 360° of the TM [8].

Immediately after the laser treatment, nepafenac eye
drops were administered once in treated eye than three
times daily for three days. The IOP in the treated eye was
measured and recorded one hour after surgery. The same
preoperative anti-glaucoma medication regimen was con-
tinued. Patients were evaluated at one hour, one week, and
at one, three, six, 12, 18, and 24 months. At each visit, the
visual acuity and IOP were measured, and slit-lamp exami-
nation of the anterior segment was performed. All major
and minor complications and complaints were recorded
and treated appropriately.

Complete success of treatment was defined as IOP re-
duction of 20% and more and qualified success reduction
of IOP between 10% and 20%.

The data was analyzed using IBM SPSS Statistics,
Version 22.0 (IBM Corp., Armonk, NY, USA), using
ANOVA for repeated measures and t-test for dependent
samples. A p value of less than 0.05 was considered to be
statistically significant.

RESULTS

From 47 eyes of 32 patients initially enrolled, 25 patients
(38 eyes) completed the study. Seven patients (nine eyes)
were sent for other surgical treatment or to repetition of
SLT due to high IOP during follow-up period and they
were excluded from the study. Patients that did not come
on all follow-ups were also excluded, and their data erased.
Average age of our patients was 73.76 (SD = 5.79) and
baseline IOP was 23.13 (SD = 3.06). There were 13 men (21
eyes) and 12 women (17 eyes) in our group. Baseline char-
acteristics of included patients are presented in Table 1.
Seven days after the treatment, mean IOP was reduced
to 18.26 (SD = 2.65). One month after SLT, mean IOP
dropped to 16.74 (SD = 2.06). The lowest mean IOP
was recorded three months after treatment and it was
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Table 1. Baseline characteristics of the patients

Characteristics Male Female All
Patients 13(52) 12 (48) 25
Number (%)
Eyes 21(55.26) | 17 (44.74) 38
Mean 75.19 72 73.76
Age( ) SD 5.19 6.14 5.79
ge lyears Min 67 60 60
Max 82 83 83
Mean 23.14 23.12 23.13
SD 2.89 3.35 3.06
Base IOP -
Min 19 18 18
Max 29 30 30

IOP —intraocular pressure; SD - standard deviation; Min — minimal value;
Max — maximal value

15.84 mmHg (SD = 1.87) or 31.51% reduction from the
baseline. After that period, mean IOP showed mild but
constant raise and 24 months after treatment the mean
IOP was 18.03 mmHg (SD = 1.64) (p < 0.01) and that was
5.11 mmHg lower than baseline, or 22.07%. It is shown in
Tables 2 and 3, and Figure 1.

Table 2. Intraocular pressure values values over time (mm Hg)

IOP values Means SD Min Max
Baseline 23.13 3.06 18 30
1 hour 22.74 4.42 14 33
7 days 18.26 2.65 15 23
1 month 16.74 2.06 12 21
3 months 15.84 1.87 10 21
6 months 16.37 2.01 14 20
12 months 16.95 1.74 13 21
18 months 17.26 1.81 12 21
24 months 18.03 1.64 14 21

IOP —intraocular pressure; SD - standard deviation; Min — minimal value;
Max — maximal value

Table 3. Intraocular pressure (IOP) reduction over time

Success of treatment was defined as reduction of IOP of
at least 20% from baseline IOP. Eleven eyes did not achieve
IOP reduction of 20% after 24 months. When we take into
account the nine eyes that were referred to surgery and 11
eyes that did not achieve IOP reduction of 20% or more,
it makes 20 out of 47 eyes, or 42.55%. Success, after 24
months, was achieved in 27 eyes (57.45%).

Paired-samples t-test was used to compare the means
of baseline IOP and IOP 24 months after treatment and
difference is highly statistically significant (p < 0.001).

We also investigated the role of baseline IOP values as
a predictor of SLT response in patients with pseudoexfo-
liative glaucoma. There was a strong correlation between
the mean base IOP and the mean percentage of reduction
after 24 months from treatment (r = 0.71, p < 0.01) (Table
4, Figure 2).

Table 4. Correlation between baseline intraocular pressure (IOP) and
reduction percentage

Baseline IOP | Reduction
Pearson correlation 1 0.710%**
Baseline IOP Sig. (2-tailed) 0.000
n 38 38
Pearson correlation 0.710** 1
Reduction Sig. (2-tailed) 0
n 38 38

**Correlation significant - p < 0.01

40.00-

30.00

20,00

reduction

. I0P reduction b
Time
mm Hg % °
1 hour 0.39 1.71 o
7 days 4.87 21 '05 13'00 20‘0!] 22'00 24100 ZG.DU 28'\]0 30!00
1 month 6.39 27.65 BaselOP
3 months 7.29 31.51 . K .
h Figure 2. The influence of baseline intraocular pressure (IOP) on selec-
6 months 6.76 29.24 tive laser trabeculoplasty reduction percentage - significant correla-
12 months 6.18 26.73 tion (r=0.71,p < 0.01)
18 months 5.87 25.37
24 months 5.11 22.07
30

)
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(S

- 18,26 18,03

. 20 16,74 15,84 16,37 16,95 17,26

c

© 15

)

=

10
before SLT 1 hour 7hours 4 weeks 3 months 6 months 12 months 18 months 24 months
Follow-up period

Figure 1. Mean intraocular pressure (IOP) values during the follow-up of 24 months
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Most significant side effect of SLT was postoperative IOP
spike, which was noticed in 10 eyes (26.31%) one hour after
treatment. In six of them (15.79%), IOP spike was higher
or equal with 5 mmHg. After seven days there were no eyes
with IOP higher than baseline. In 11 eyes (28.95%) mild
anterior chamber inflammation was present one hour after
treatment, but at seven days all eyes were quiet. One pa-
tient complained at ocular discomfort, but did not require
discontinuation of the treatment. There were no corneal
complications.

DISCUSSION

In previous papers selective laser trabeculoplasty was
proved to reduce IOP in primary open angle glaucoma
as well as in pseudoexfoliative and pigmentary glauco-
ma. Although the percentage of reduction was similar in
many reports, there were some papers that found reduc-
tion as high as 40% and others that reported less than
10% [9-18].

In our group of patients with pseudoexfoliative glauco-
ma, SLT was used as adjunctive treatment and we achieved
mean reduction of IOP after two years of 22.07% from
mean baseline IOP that was similar to expected values
based on earlier papers [19-23]. At the beginning of the
study it looked that reduction of IOP was even higher than
compared to reduction found in primary open angle glau-
coma, and it was more than 30% at three months, but at 24
months check-up it was the same and even lower than in
POAG patients. Thus it seems that lowering effect of SLT
in pseudoexfoliative glaucoma patients fades over time. It
is possible that the reason for that is continuous releasing
of pseudoexfoliative material that cloggs iridocorneal and
trabecular tissue. Even though the initial IOP lowering ef-
fect is accomplished, release of pseudoexfoliative material
leads to continuous increase in IOP.

As complete success we defined lowering of IOP for at
least 20%. We achieved this result in 57.45% of patients af-
ter 24 months. At 12 months this result was 65.96%, which
suggests faster fading of SLT IOP reduction effect in PXF
glaucoma patients. IOP reduction 10-20% we defined as
qualified success, which was achieved in 7.89% after 24
months, so success was accomplished in 78.95% of the
eyes that have finished the study or in 63.83% of the eyes
that entered the study. Sometimes, even small reduction of
IOP could be significant in reaching target IOP for some
patients and delaying or avoiding the need for surgical

REFERENCES

1. Konstas AGP, Ringvold A. Epidemiology of Exfoliation Syndrome. J
Glaucoma. 2018;27(1):4-11.

2. Sarenac VulovicT, Pavlovic S, Jakovljevic V, Janicijevic K,
Zdravkovic N. Nitric oxide and tumour necrosis factor alpha in the
process of pseudoexfoliation glaucoma. Int J Ophthalmol. 2016;
9(8):138-42.

3. Todorovic D, Sarenac Vulovic T, Jovanovic S, Janicijevic-Petrovic
M, Petrovic N, Kontic M, et al. The impact of pseudoexfoliation
and artificial tear application on the tear film stability in a
pseudophakic eye. Srp Arh Celok Lek. 2018;146(7-8):422-7.

DOI: https://doi.org/10.2298/SARH210828033K

Konti¢ M. et al.

treatment and value of SLT for these patients should not
be underestimated.

We did not find any difference between male and female
eyes regarding the SLT response. This finding is consistent
with other papers [24]. Also we did not find any influence
of age on SLT effects.

Comparing all follow-ups and mean IOP it was obvious
that after one month we had almost definite results and
we thought that one should wait for one month to see if
the SLT response was adequate for the patient, but that
there was no reason to wait any longer if the result was
not satisfactory.

IOP spike was the most significant side effect that oc-
curred after treatment. It was noticed in 26.31% of the
eyes and in 15.79% of the eyes it was higher or equal to
5 mmHg. Some mild anterior chamber inflammation was
present in 28.95% of eyes one hour after treatment. At
seven days follow-up there were no eyes with IOP higher
than baseline and all the eyes were without anterior cham-
ber inflammation. This suggest that SLT in this group of
patients is a quite safe method, with no significant side
effects. These results are similar to those of some other
studies [25, 26, 27].

Our study confirmed that higher baseline IOP predicts
higher hypotensive response and higher percentage of IOP
reduction from baseline [28, 29].

In this group we did not aim for the reduction in the
number of medications used because all the patients were
on maximally tolerated medical therapy and did not reach
target IOP, and we were looking for additional reduction of
IOP, so the mean number of medications did not change
before and after the study.

CONCLUSION

Selective laser trabeculoplasty is very effective in lowering
IOP in medically uncontrolled patients with pseudoexfo-
liative glaucoma and should be used more readily in this
challenging form of glaucoma. Also, it appears that effect
of selective laser trabeculoplasty on those patients fades
away with time. Intervention is safe and not accompanied
with significant side effects. Baseline IOP seems to be a
reliable predictor of IOP-lowering effect. Also, it looks like
that definite IOP-lowering results can be estimated after
one month.
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CeneKTuBHA nacepcKa TpabekynonnacTMKa Kao afjyBaHTHA Tepanuja Koa,
nayujeHara ca nceyaoekcdonnjaTuBHUM rnaykomom

Mapko Kontuh', lywan Togoposuh??, Paga 3euesuh’, TatjaHa LapeHal-Bynosuh??

'Beorpagcku opTanmonoLku LieHtap, beorpag, Cpbuja;

2KnuHuukn yeHTap Kparyjesal, KnuHuka 3a odptanmonorujy, Kparyjesau, Cp6uja;
YHuBep3uTeT y KparyjesLy, akynteT MeANLMHCKNX HayKa, KaTeapa 3a opTanmonorujy, Kparyjesau, Cpbuja

CAMETAK

YBog/Uwsm MNceynoekchonnjatvBHN CMHAPOM KapaKTepuiue
abHopmanHa Npou3BofHa U Hakynsbake GubpunapHor, 6eno-
CVBOT MaTepwjana C/IMYHOT MEPYTU Y TOTOBO CBUM OKYapHUM
CTPyKTypama.

Linm oBe cTyauje 610 je ncnutaty edekat cenekT1BHe nacepcke
TpabeKynonnacTuke Kog nauujeHara ca nceyaoekcdonujatms-
HWM TJ1ayKOMOM.

Metope Tpuaecet ABa nauyujeHTa (47 ounjy) ca MeANKaMEHTHO
HEKOHTPONVCAHUM NceyRoeKcPOnMjaTMBHIM rnaykoMom buna
Cy YKJbyueHa y ctyaunjy. CBu nauujeHTr Hucy morim noctuhn
Tepanujcku MHTPaoKyNapHU NPUTKCaK ca MakCMMasHo Tose-
pricCaHOM MeAVKaMeHTHOM Tepanujom npe novyeTKa Jieyeka.
CenekTrBHa lacepcka TpabeKynonnacTuka U3BefeHa je ca oko
100 neyvaTa Koju ce He npeknanajy. VIHTpaokynapHu nputmncak
MEpEH je jefaH yac, cefjlam AaHa, YETUPU HEAETbE, TPU, LLECT,
[BaHAECT, 0CAMHAECT 1 ABAZIeCET YETHPY MeceLia Noce 3axaara.
Pesyntatu Cpegrou 6a3HU MHTPaOKyNnapHMU NpUTUCak 6rmo
je 23,45 mmHg (SD = 3,07). CTaTUCTUYKM 3HaUajHO CMarberbe
CPeAHEr MHTPAOKYIAPHOT MPUTUCKA YOUEHO je KOA CBMX KOH-
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TPOJa OCYM je[JHOT Yaca HaKoH TpeTMaHa. Cpefrby MHTPaOoKy-
NapHN NPUTNCaK HaKoH 24 meceLla n3HocKo je 18,39 mmHg
(SD = 1,82). Ycnex, gedrHnCaH Kao CMakbere UHTPAOoKyNapHor
npuTtrcka of 6a3Hor 3a BuLe of 20% HakoH 24 MeceLia, NOCTHr-
HYT je Kop 27 oumjy (57,45%). Hncmo oTkpunm ytuuaj nona un
CTapoCTV Ha ceneKTMBHe edeKTe nacepcke Tpabekynonnactmke
KOA MauyjeHaTa ca nceyfoekchonujatvBHUM rnaykomom. Mo-
Ka3ano ce fa je NoYeTHV NHTPAOKyNapHW NPUTICAK Noy3aaH
npeaukTop edekTa CHKaBatba UHTPAOKYNapHOT NPUTICKA,
jep je noctojana cHaxkHa Kopenavuja usmehy oCHOBHOT MHTPa-
OKYyNapHOT MPUTKCKA U MPOLIEHTa CMakbetba MHTPAOKYNapHOr
NPUTNCKA HakoH 24 meceua (p = 0,71, p < 0,01).

3akmyyvak CenekTriBHa nacepcka Tpabekynonnactika je cu-
rypHa n eduKacHa MeTofia 3a CMatbetbe VHTPAOoKYIapHOT Npu-
TWCKa Kog NaupmjeHaTta ca nceynoekchonujaTMBH1M rnayKoMom
1 Tpebano 6u je yelwhe KOPUCTATL Y OBOM 113a30BHOM OO/NKY
rnaykoma. YvnHu ce ga je OCHOBHM MHTPAOKYNAPHU NPUTUCAK
noy3AaH NpejuKkTop ycnexa.

KrbyuHe peun: cenekTriBHa nacepcka TpabeKynonnactuka;
nceyaoekchonujaTiBHN rmaykom; MHTPAOKYNIapHU NPUTUCAK
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Evaluation of peripapillary retinal nerve fiber layer
thickness in patients with primary open-angle
glaucoma
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SUMMARY

Introduction/Objective The objective of the study was to determine the difference in peripapillary
retinal nerve fiber layer (RNFL) thickness in patients with open-angle glaucoma (POAG) in comparison
to the healthy population and according to the progression of the disease.

Methods Four groups were formed among 120 patients: group without glaucoma, early, moderate
POAG, and preperimetric glaucoma group. Visual field and optical coherent tomography were performed.
Results RNFL thickness value was found to be the highest in the inferior quadrant, the second high-
est in the superior one, the third highest in the nasal one, and the lowest value was found to be in the
temporal quadrant. The highest average value of RNFL thickness was in the superior quadrant of the
healthy group (124.3 + 17.8 pm), and the lowest one was in the temporal quadrant of the moderate
group (46.5 £ 10.8 pm). Other RNFL thickness values per quadrants among groups were distributed
between these two endpoints. Mean value of peripapillary RNFL thickness (AvgThic) in patients with
moderate POAG was lesser than in patients with early POAG, which, in turn, was lesser than that in the
healthy subjects (59.6 + 10.6 pm vs. 73.4 + 12.1 um vs. 105.5 + 11.3 um). AvgThic in the preperimetric
glaucoma group was 83.6 + 9.2 um. Pearson correlation showed a high positive correlation between mean
deviation values and the following parameters: AvgThic, S, I, Smax, Imax, Savg, lavg. Receiver operating
characteristic curves found that the parameter with the best diagnostic ability was AvgThic, with the
area of 0.803 (< 0.0005), sensitivity of 67%, and specificity of 83.3%.

Conclusion Peripapillary RNFL thickness parameters AvgThic, S, |, Smax, Savg, lavg, Imax have an excel-
lent ability to discriminate between healthy eyes and eyes with POAG. The parameter with the highest
specificity and sensitivity is AvgThic, which makes it the best for early detection and monitoring of POAG.
Keywords: retinal nerve fiber layer; primary open-angle glaucoma; optical coherent tomography; AvgThic
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INTRODUCTION

Primary open-angle glaucoma (POAG) repre-
sents a chronic, progressive, and irreversible
multifactorial optic neuropathy. It is character-
ized by cupping of the optic disc, visual field
defects, open anterior chamber angle, and, in
the majority of cases, increased intraocular
pressure (IOP). The progressive loss of retinal
ganglion cells is the most important charac-
teristic of POAG and it can be quantified by
measuring the thickness of peripapillary retinal
nerve fiber layer (RNFL) [1, 2].

During the 1970s, Hoyt et al. pointed out
the importance of evaluation of RNFL thick-
ness in the diagnosis of glaucoma [3], and
along with other researchers showed that the
thinning of peripapillary RNFL could even pre-
cede the visual field defects as the first sign of
glaucoma pathology [4, 5]. Optical coherence
tomography (OCT), as a highly objective and
reproducible imaging method, was developed
at the Massachusetts Institute of Technology
by David Huang et al. in 1991 [6]. It represents
a non-invasive, non-contact, trans-pupillary
method for scanning the retinal structures layer

by layer and it is used to analyze different reti-
nal diseases [6]. OCT produces images of high
resolution and is able to identify diffuse and
focal RNFL defects that occur in glaucoma [7].
Numerous studies have shown that OCT mea-
surement of peripapillary RNFL thickness and
macular zone thickness is an excellent method
for the diagnosis of glaucoma. However, RNFL
thickness has shown itself as a better indicator
in glaucoma evaluation [8, 9]. The purpose of
this study was to determine the difference in
peripapillary RNFL thickness in patients with
preperimetric glaucoma and POAG in com-
parison to the healthy population, as well as to
determine the difference in thickness of peri-
papillary RNFL according to the progression
of the disease. By accurately determining these
differences, we wanted to define the ability of
every RNFL thickness parameter in early detec-
tion and monitoring of patients with POAG.

METHODS

This research was a prospective and observa-
tional type of study. Based on the inclusion



Evaluation of peripapillary retinal nerve fiber layer thickness in patients with primary open-angle glaucoma

criteria, patients were included in the study and they un-
derwent a complete ophthalmologic examination, visual
field analysis, and OCT of the peripapillary RNFL.

A total of 120 patients over the age of 18 years were in-
cluded in this study. Pathology of only one eye of each pa-
tient was analyzed. In cases where both eyes of the patient
met the inclusion criteria, the eye included in the study
was randomly selected. Based on the clinical findings, the
following four groups were formed with the specified in-
clusion criteria.

Group 1 (control - healthy group): 30 patients without
glaucoma or other eye conditions, with best corrected vi-
sual acuity > 0.9, IOP 10-21 mmHg, normal cup-to-disc
ratio (C/D), and normal visual field finding, regardless of
sex, race, and ethnic background.

Group 2 (early glaucoma group): 30 patients with
POAG, with characteristic defects of the optic disc and
RNFL, with a mean deviation (MD) lower than -2dB and
higher than -6dB in standardized automated perimetry
(Hodap classification), with characteristic glaucoma-
tous visual field defects, without other eye conditions,
without anamnestic data about previous laser or surgical
intervention on the examined eye, with best corrected
visual acuity = 0.5, regardless of gender, race and ethnic
background.

Group 3 (moderate glaucoma group): 30 patients with
POAG, with characteristic defects of the optic disc and
RNFL, with MD lower than -6 dB and higher than -12 dB
in standardized automated perimetry (Hodapp classifica-
tion), without other eye conditions, without anamnestic
data about previous laser or surgical interventions on the
examined eye, with best corrected visual acuity > 0.5, re-
gardless of sex, race, and ethnic background.

Group 4 (preperimetric glaucoma group): 30 patients
with characteristic changes in the optic nerve head that
represent glaucoma neuropathy, without functional out-
breaks. The standard automated perimetry showed normal
values of MD (from -2 dB to +2 dB), with the best cor-
rected visual acuity > 0.9, regardless of the IOP.

Visual field was performed on the Humphrey Visual
Field Analyser (Carl Zeiss Meditec Inc. - Humphrey
Systems, Dublin, CA, USA), using the Threshold C24-2
testing protocol by SITA-FAST strategy. A reliable visual
field (VF) test was defined as one with less than 20% fixa-
tion loss, and false-positive and false-negative rates of less
than 33%. We used two of VF global indices, MD and
pattern standard deviation (PSD) in this study. The VF
test was obtained within four weeks before the OCT scans.

All peripapillary RNFL thickness measurements were
done on the Stratus OCT 3000, Carl Zeiss Meditec appa-
ratus, honoring the fast-scanning protocol for optical disc
and peripapillary RNFL. Afterwards, an automatic analysis
was applied using the previously implemented software
version (3.0 Stratus OCT analysis software). OCT measure-
ments were made along a circle concentric with the optic
disc at a radius of 1.73 mm, using a scanning mode that
samples 512 data points (RNFLThickness 3.4 acquisition
protocol). Maximum two scans of the peripapillary zone
were used (with three consecutive scans), provided that
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the quality of the scan was equal or higher than 7. For data
analysis, we chose the better one of the two scans.

The study protocol was approved by the institutional
ethics committee.

In our research, the following descriptive statistics
were used: arithmetic mean, standard deviation, median,
quartiles, frequencies, and percentages. Means compari-
son analysis of paired parameters between the groups was
evaluated by one-way ANOVA including the Levene’s ho-
mogeneity of variance test. Post-hoc adjustment for mul-
tiple comparisons was performed by the Games-Howell
method if variances in groups were not equal, and by the
Tukey’s honest significant difference test when variances
in groups were equal. The connection between RNFL
thickness and visual field parameters was characterized
by bivariate correlation analysis computing the Pearson
correlation coefficients. The Pearson correlation coeffi-
cients with absolute values > 0.5 suggesting a strong as-
sociation with p < 0.01 were accepted as statistically sig-
nificant. Receiver operating characteristic (ROC) curves
were used to describe the accuracy of each OCT parameter
to differentiate the glaucoma from the healthy group. The
diagnostic sensitivity and specificity were examined with
the area under the ROC curve (AUC). The results were
analyzed using the SPSS for Windows software, Version
11.5 (SPSS Inc., Chicago, IL, USA) and relations were con-
sidered significant if p value was < 0.05.

RESULTS

The demographic characteristics of the patients enrolled in
the study are presented in Table 1. The four study groups
were homogeneous in the number, but not in the sex of
the subjects. There was a predominance of female patients
in Groups 1, 2, and 4, while in Group 3 there were more
male than female patients (57% vs. 43%). Overall, there
were 73 (60.83%) female and 47 (39.17%) male patients,
with an average age of 55.9 * 13.7 years.

Table 1. Demographic characteristics of the patients

325

Group 1 2 3 4 )3

pl;lgéﬁis 30 30 30 30 120
cox | Male | B(266%) | 13(433%) | 17(56.6%) | 9(30%) | 47 (39.1%)
Female | 22 (73.3%) | 17 (56.6%) | 13 (43.3%) | 21 (70%) | 73 (60.8%)
Age 507127 | 60.1+13.1| 64.1+10.1 |51.8+95]| 559+ 13.7

According to the age analysis, the youngest group of
patients was Group 1, with the average of 50.7 £ 12.7
years, and the oldest group was Group 3, with average of
64.1 + 10.1 years.

The distribution of the patients according to the age
group is shown in Figure 1.

The majority of the patients belonged to the 50-59 years
age-group (36; 30%), followed by 60-69 years (33; 26.6%),
while the smallest number (7; 6.6%) belonged to the group
of under 30 years of age. In the eldest group (70+ years of
age) there were 17 (14%) patients.

www.srpskiarhiv.rs ‘
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Figure 1. Graphical presentation of the patients according to age
groups

The mean values of visual field parameters (MD, PSD)
and RNFL quadrant thickness for each study group are
presented in Table 2.

The results of the RNFL thickness distribution by quad-
rants showed the highest values in the healthy group, fol-
lowed by the preperimetric group, early POAG group, and
the moderate POAG group. The highest average value of
RNFL thickness was in the upper quadrant of the healthy

Miljkovi¢ A. et al.

group (124.3 £ 17.8 um), and the lowest average value
of RNFL thickness was in the temporal quadrant of the
moderate POAG group (46.5 + 10.8 um). Other RNFL
thickness values per quadrants are distributed between
these two endpoints.

The mean values for all parameters of RNFL thickness
and statistical differences for each study group are pre-
sented in Table 3.

For the parameters Max—Min, Smax, Imax, Savg, lavg,
and AvgThic, the highest average values are in the healthy
group, slightly lower in the preperimetric group, lower
still in the early glaucoma group and the lowest values
are in the moderate glaucoma group. All these parameters
show very high statistically significant differences between
the groups (p < 0.001). Since AvgThic is the most com-
monly used parameter, its mean value for Group 1 was
105.5 + 11.3 pm, for Group 4 it was 83.6 £ 9.2 um, for
Group 2 73.4 + 12.1 pm, for Group 3 59.6 + 10.6 um, and
represents the parameter with the highest statistical sig-
nificance of differences between the groups.

The relationships between VF global indices and RNFL
thickness parameters were evaluated by the Pearson cor-
relation analysis for all the groups and presented in Table 4.

Table 2. Differences in mean values of mean deviation, pattern standard deviation, and retinal nerve fiber layer quadrants thickness

Group 1 Group 2 Group 3 Group 4
Parameters p1 p2 p3
Mean = SD Mean = SD Mean + SD Mean = SD
MD -0.29+0.7 -4.18+£1.27 -9.89+1.74 -0.8+1.01 <0.001 <0.001 0.027
PSD 1.4+0.53 434+1.72 9.08 +2.02 1.92+0.76 <0.001 <0.001 0.002
S 1243+17.8 84.6+18.4 68.9+19.5 91.6+14.2 <0.001 <0.001 <0.001
N 90.5+225 62.7+154 54.5+16.8 59.8+19.5 <0.001 <0.001 <0.001
| 133.4+153 87.2+224 69.2+23.9 113.8+19.1 <0.001 <0.001 <0.001
T 73.73+£13.71 559+16.12 46.5+10.85 70.63 +20.52 <0.001 <0.001 0.494
p1- p-value between Groups 1 and 2;
p2 - p-value between Groups 1 and 3;
p3 - p-value between Groups 1 and 4
Table 3. Differences in mean values of retinal nerve fiber layer thickness parameters
Parameters MenesD | Menesd | Meanead | Meanesp Pl P2 P3
Imax/Smax 1.1+0.1 1+£0.32 1.1+£05 1.2+0.2 0.234 0.084 0.02
Smax/Imax 09+0.1 1.1+£04 1.2+06 0.8+0.2 0.258 0.034 0.088
Smax/Tavg 22+04 22+0.74 21+07 1.9+0.5 0.836 0.196 0.008
Imax/Tavg 23+03 2.1+£0.62 21+08 23+06 0.102 0.105 0.85
Smax/Navg 1.8+04 1.9+0.62 1.8+0.6 24+1.1 0.756 0.941 0.057
Max-Min 1283+ 15.1 96.6 + 25.1 83.3+25.7 121.1£19.3 <0.001 <0.001 0.111
Smax 160.1+17.2 117.2£25.1 94.1+28.6 128.5+21.7 <0.001 <0.001 <0.001
Imax 169.8 +14.5 113+25.7 95.1 £29.7 150.1 £ 22.1 <0.001 <0.001 <0.001
Savg 1243+17.8 84.1+17.7 68.7+18.8 92.1+15.5 <0.001 <0.001 <0.001
lavg 135.6+18.1 87 +21.7 69.5+ 235 1M13+£17.7 <0.001 <0.001 <0.001
AvgThic 105.5+11.3 734+12.1 59.6 £10.6 83.6+9.2 <0.001 <0.001 <0.001

p1- p-value between Groups 1 and 2;
p2 - p-value between Groups 1 and 3;
p3 - p-value between Groups 1 and 4

Table 4. Pearson correlation testing between Groups 2 and 3, 1 and 4 in relation to the retinal nerve fiber layer thickness parameters

Parameters S N | T ISnr]:a)\(: Slrr:\:]);/ S1r_;1 3;(/ I.?; 33/ S,\T; \a/)(;]/ MMai):]— Smax | Imax | Savg | lavg 'II'\P\:E:
Pearson corr. (2-3) | 0.418 | 0.207 | 0.421 | 0.397 |-0.093 | -0.086 | 0.071 | 0.021 | 0.106 | 0.276 | 0.422 | 0.348 | 0.432 | 0.406 | 0.571
p 0.001 | 0.112 | 0.001 | 0.002 | 0.482 | 0.515 | 0.591 | 0.873 | 0.421 | 0.033 | 0.001 | 0.006 | 0.001 | 0.001 | 0.0005
Pearson corr.(1-4) | 0.717 | 0.595 | 0.498 | 0.09 |-0.303 | 0.223 | 0.238 | 0.025 | -0.314 | 0.208 | 0.633 | 0.472 | 0.698 | 0.539 | 0.734
p 0.001 | 0.001 | 0.001 | 0.494 | 0.019 | 0.087 | 0.067 | 0.85 | 0.015 | 0.111 | 0.001 | 0.001 | 0.001 | 0.001 | 0.0005

DOI: https://doi.org/10.2298/SARH200505020A

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):325-329




Evaluation of peripapillary retinal nerve fiber layer thickness in patients with primary open-angle glaucoma

Table 5. Receiver operating characteristic curves, cut-off, sensitivity,
and specificity

Parameters Sl;rrf;ce Cut-off Sen(sozt)l)wty Spe(((:;:;uty p

S 0.736 75 63.3 733 0.002
| 0.733 76 70 73.3 0.002
T 0.676 54 80 533 0.019
Max-Min 0.637 / / / 0.069
Smax 0.727 102.5 60 76.7 0.002
Imax 0.678 96 63.3 80 0.018
Savg 0.728 75 60 73.3 0.002
lavg 0.736 76.5 733 733 0.002
AvgThic 0.803 63.9 70 833 < 0.0005

It was found that there is a high positive correlation
between the MD values and the following RNFL thickness
parameters: AvgThic, S, I, Smax, Imax, Savg, lavg. A low
positive correlation between the MD values and Max-Min
parameter was demonstrated. Other parameters do not
show statistically significant correlation, and their change
during the MD value change is not significant. This statisti-
cal analysis showed that the RNFL parameters that have a
high statistical correlation with MD values among different
groups are parameters that change with glaucoma progres-
sion, but they are also parameters that occur at the outset
of POAG even in preperimetric phase of the disease. The
AvgThic parameter has the highest statistical significance
relations with MD values (p < 0.0005).

The ROC curves area for parameters were calculated
to discriminate glaucomatous from healthy eyes. The sur-
faces determined by ROC curves, cut-off, sensitivity and
specificity, and p-values for each individual parameter are
displayed in Table 5.

By comparing the surface area under the ROC curve, it
can be concluded that the parameter which has the best di-
agnostic ability is AvgThic, with AUC of 0.803 (< 0.0005),
the sensitivity of 67% and the specificity of 83.3%. The
following parameters are S and Iavg with the same surface

area under the ROC curve of 0.736 (< 0.002). For the pa-
rameter S, the sensitivity was 63.3% and the specificity was
73.3%, while for the parameter Iavg sensitivity was 73.3%
and the specificity 73.3%. For parameter I, the surface area
of the curve was 0.733 (p = 0.002), the sensitivity was 70%,
and the specificity was 73.3% (Figure 2). ROC curve shows
that parameter T has pure ability to discriminate glauco-
matous from healthy eyes.

DISCUSSION

Even though sex is not considered a risk factor for POAG,
Framigham, Barbados, Blue Mountains, and other studies
have shown that a greater number of males than females
suffer from POAG [9, 10]. Analysis of the sex structure of
our 120 study participants shows that the majority of par-
ticipants were females (60.8%). Only the moderate POAG
group had more males (56.6%). However, if we look only
at the patients with early and moderate POAG, there is an
equal number of males and females. The average age in the
whole sample was 55.9 + 13.7 years. The eldest group was
the moderate POAG group with an average of 64.1 + 10.1
years.

Analysis of the mean values of the MD visual field pa-
rameter showed a statistically significant decrease from
the healthy, through the preperimetric and early glaucoma
group to the moderate POAG group. Testing of differ-
ences between MD and PSD values among study groups,
ANOVA, and post-hoc analysis showed that there was a
statistically significant difference between groups 1, 2, and
3 (p < 0.001), except between the healthy and the preperi-
metric group (p = 0.384), which suggests that these groups
cannot be distinguished according to the parameters of the
visual field but this can be done using OCT analysis. The
investigation done by Li et al. [10], as well as some other
researchers, has shown a high correlation between MD
values and the stage of POAG [11, 12, 13].

ROC Curve
10 =]
— Max-Min
—— Smax
Tmax
054 —hg
Tavg
~—— AvgThic
2 /
&
E
“ 04 = (’
L
0.2
o—1
LU T 1 T LJ L
0o 02 04 06 08 10
1- Specificity

ROC Curve
10
r__l I
—s
7£IJ —
T
084
2 061
=
g
w
&
o
“ 044
04
0w 1 T T T T T
00 02 04 06 08 10

1- Specificity

Figure 2. Receiver operating characteristic curves for the retinal nerve fiber layer thickness parameters
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The mean value of RNFL thickness for the healthy
group in our study was 105.5 + 11.3 pm, which was the
highest value compared to the other groups. The lowest
value of RNFL thickness was in the moderate POAG group
(59.6 = 10.6 pm). RNFL thickness value decreases with
the progression of POAG, which was confirmed by the
statistical analysis of the AvgThic parameter differences
between groups (p < 0.0005). Scientific studies of Patel et
al. [9]. and Komaratih [11] have shown similar values of
RNEFL thicknesses for healthy populations, varying 90-128
um, and they also found that thickness of RNFL in patients
with POAG and preperimetric glaucoma are statistically
significantly lower compared to the healthy population.

The results obtained by OCT measuring of RNFL thick-
ness per quadrants showed the same distribution in all
study groups. RNFL thickness value was found to be the
highest in the inferior quadrant, the second highest in the
superior quadrant, the third in the nasal quadrant, while
the value was the lowest in the temporal quadrant. Taking
into account all values, the greatest RNFL thickness was
found in the healthy group and the lowest in the moderate
POAG group. Research by Aydogan et al. [12] has shown
that the average RNFL thickness in healthy individuals
is 112.7 + 8.7 um, for temporal quadrant the thickness is
82.3 9.6 um, for superior the thickness is 139.9 + 18 pum,
for nasal thickness is 83 + 10.6 pm, and for the inferior
quadrant thickness is 145.9 + 14.6 pm. Patel et al. [9] have
published that the thinning of RNFL by quadrants fol-
lows the progression of glaucomatous disease. The high
congruence between the results of our research and other
researchers, both in average values and quadrant thickness
distribution, confirms the applicability of the ISNT rule in
all stages of glaucoma [9-12].

Stefanova et al. [13] reported that both inferior and
superior RNFL quadrants are the specific glaucomatous
sites for early POAG damage, which was also confirmed
by the study done by Singh et al. [14], which analyzed OCT
findings among the healthy group of 50 subjects and 55
patients with early POAG. In the study that involved 98
healthy individuals, 285 patients with ocular hyperten-
sion, and 66 patients with glaucoma, Mayoral et al. [15]
have found that the RNFL thickness across the quadrants
decreases from healthy, over OHT patients to POAG pa-
tients. This means that as the disease progresses, the RNFL
thickness decreases by quadrants.

Detection of an early-stage glaucoma was confirmed
by the study done by Komaratih [11], as well as by Li et
al. [10], who recommended that the best parameter for
recognition of an early POAG is AvgThic parameter. Yalvac
et al. [16] conducted an interesting study of patients with
ocular hypertension using Stratus OCT. The patients were
divided into three groups: at low, medium, and high risk
of developing POAG. The best parameters for differenti-
ating the risk level of glaucoma development were Iavg
and Imax. Thereby, they emphasized the lower part of the
RNFL as the site of pathological knockout and the place
where the earliest POAG occurs. Guedes et al. [17] stud-
ied the ability of early detection of glaucoma by the OCT
apparatus. They compared the changes that occur in the

‘ DOI: https://doi.org/10.2298/SARH200505020A
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thickness of the macular zone and the peripapillary RNFL
zone and concluded that in the competition of numerous
parameters, the average thickness of RNFL is by far the
best at detecting patients with early glaucoma. They hinted
that there are almost 100% ganglia retinal cells in the peri-
papillary zone, and in the macular zone their number is
about 50%, and the parameters of the thickness of RNFL
are better for determining glaucoma than the parameters
of the macular region. The area of ROC curve for AvgThic
was 0.93 in the above-mentioned study, which was higher
than the results obtained in our study (0.803). Our study
showed that quadrant S has the highest, quadrants I and
N high ability for discriminating between the healthy and
preperimetric glaucoma patients.

ROC curves were calculated and constructed to discrimi-
nate healthy from glaucomatous eyes. A study by Stagg and
Medeiros [18] showed the areas under the ROC curves for
discriminating POAG from normal eyes were 0.89 for glob-
al RNFL and 0.75 for global MRW (p = 0.006). Similarly,
according to this study, the best parameter of the RNFL
thickness group is AvgThic with the largest area under the
ROC curve of 0.803, the cut-oft value of 63.9, sensitivity of
67%, and specificity of 83.3%. Hsieh et al. [19] reported that
the largest area below the ROC curve were with AvgThic,
quadrant I, and quadrant S. Singh et al. [14] also confirmed
that the surface of the ROC curve is the largest for AvgThic
and quadrant S parameter (area = 0.963, area = 0.943), and
a slightly smaller area in the case of quadrant I, but with
high values of sensitivity (89%) and specificity (81%). These
results are almost the same as those in our study, which un-
derlines the importance of the parameters AvgThic, S, Smax,
I, and Iavg for the earliest possible diagnosis of glaucoma.

CONCLUSION

In summary, peripapillary RNFL thickness parameters
AvgThig, S, I, Smax, Savg, lavg, and Imax have excellent
ability to discriminate between healthy eyes and eyes with
POAG. However, the parameter with the highest specificity
and sensitivity is the AvgThic parameter, which makes it
the best for early glaucoma detection and monitoring of
POAG. Finally, the determination of thickness of peripapil-
lary RNFL in patients with POAG using OCT represents
the method which distinguishes between patients with
POAG, preperimetric glaucoma, and healthy population,
hence it can be used in glaucoma diagnostics and follow-
up. We believe the current high precision and reliability
of OCT parameters can be even better, and perhaps the
answer lies in future studies of related influences of OCT
parameters through mathematical models.
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EBasnyaumja ae6/buHe NnepunanunapHor caoja PETMHANHNUX HEPBHUX BNaKaHa Kog,
60necHMKa ca NPMMapPHUM [1ayKOMOM OTBOPEHOT yraa

AnekcaHgap Mumbkosuh'? Hukona babuh'? Coduja Nasugosuh'2, Casa bapuiumnh? CredaH bpyHet'?, bopucnas Tanasuuki'

'YHusep3uTet y HoBom Capy, MegnumHcku dakyntet, Hosu Cag, Cpbuja;
2KnuHuukn yeHTap BojsoguHe, KnuHika 3a ouHe 6onectu, Hosu Cag, Cpbuja

CAXETAK

YBoa/LUnm Linsb oBor paga je 6vo ogpeauT pasniiky y aebru-
HW NepvnanunapHor cfoja pPeTuHanHMX HepBHMX BnakHa (CPHB)
Kop 6onecHrKa ca NpUMapHUM F1layKOMOM OTBOPEHOT yria y
nopehery ca 34paBom NonynaLlmnjom, 1 Npema nporpecujmn
6onectu.

Metope Ceuix 120 6onecHuMKa Cy NOAE/bEHN Y YETUPW rpyne:
6onecHMLM 6e3 rnaykoma, ca NoYeTHNM, Ca Cpefjtbe y3Hanpe-
LOBanuM 1 ca NpenepuMeTpunjckum rnaykomom. KomnnertaH
odTanMoNOLWKN Npernes, BUGHO NOJbe 1 ONTUYKA KOXePEHTHa
Tomorpaduja cy ypaheHu Kof cBakor 601ecHUKa.

Pesyntatu [le6/brHa CPHB je Hajseha y forbem KBagpaHTy,
Matba y CyneprnopHOM, joll Matba Y Ha3aJHOM, HajMara Yy
TemnopanHom KBagpaHTy. Hajseha npoceuHa gebrbrHa CPHB
6vna je y roptbem KBaflpaHTy y rpynu 3gpaBux UCNUTaHMKa
(124,3 + 17,8 MrKpOHa), a HajMarba Yy TeMNopasHOM KBagpaH-
Ty Fpyne ca cpeftbe y3HanpegoBaaum rnaykomom (46,5 + 10,8
MUKpoHa). OcTane BpegHocTy febmbmHe CPHB no kBagpaHTMMa
pacnopeheHe cy n3mehy oBe ABe Kpajhe Tauke. MMapamertap
cpepntba AebbriHa Kof 6onecH1Ka ca Cpefitbe y3Hanpeaosanim
rayKomMoMm 610 je Matbyl Hero y rpynu ca noYyeTHUM, Koju je
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6110 MarbKM Hero Kog rpyne 3gpaBux ncnutaHmka (59,6 + 10,6
npema 73,4 £ 12,1 npema 105,5 + 11,3 MukpoHa). lMapametap
cpena febsbriHa y npenepuMeTpurjckoj rpynu je 83,6 + 9,2
MMKpPOHa. [MpcoHOBa aHanm3a nokasana je BUCOKY NO3UTUBHY
Kopenauujy rnobanHnx uHAeKca BUAHOT nosba u cnepehux
napametapa: cpefitba AebsbrHa, CyneprmopHe n nHdepropHe
MaKCMMaJHe 1 cpeatbe BpefHoCcTu. Ynopehrsartbem POK Kpu-
Ba, NapameTap ca Hajbo/boM AMjarHOCTUUYKOM CrocobHoLwhy
je cpentba nebrbrHa, ca nospLunHom of 0,803, ocetrbuBoLwhy
67% 1 cneunduuHowhy 83,3%.

3akibyuak Mapametpu febsbuHe neprnanunapHor CPHB -
cpepa Aeb/buHa, CynepuopHe U MHGepropHe MakCMasHe
1 cpefbe BpefHOCT/ — Majy OfJIMYHY CMOCOOHOCT PasfinuKo-
Bakba 34paBux 6onecHrKa off OHUX Ca MPUMaPHKM F1ayKOMOM
oTBopeHor yrna. Mapametap ca Hajsehom cneuuduuHowhy n
oceTbuBoLWhy je cpeatba Aeb/bMHA, Te je Hajborby 3a paHo oT-
KpviBatbe 1 Npahere NprYMapHOT Fiaykoma OTBOPEHOT yria.

KrbyuHe peum: /0] peTrHanH1X HEPBHUX BlakaHa; MPUMapHM

r7layKoM OTBOPEHOT YIJ1a; ONTUYKa KOXePEHTHa ToMorpaduja;
cpeptba AebrbriHa HEPBHUX BlakaHa

www.srpskiarhiv.rs
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SUMMARY

Introduction/Objective The frequency of a sedentary lifestyle during pregnancy increases. This con-
tributes to gestational weight gain and has a negative impact on health.

This study researched the impact of prenatal exercise on gestational weight gain, blood pressure, and
microcirculation in pregnant women who exercised and those who did not exercise.

Methods The study included 70 pregnant women with a normal pregnancy, who attended a psycho-
physical preparation program for childbirth for eight weeks. The control group (n = 35) attended theo-
retical classes on childbirth, and the experimental group (n = 35) attended prenatal exercises as well.
Gestational weight gain, blood pressure, and nailfold capillary density were determined and compared
between the two groups.

Results Gestational weight gain of 19.94 kg in non-exercising pregnant women was significantly greater
than the gestational weight gain of 11.65 kg in pregnant women who exercised. Pregnant women who
did not exercise had an increase in systolic (by 15.56 mmHg) and diastolic pressure (by 16.08 mmHg),
which is significantly higher compared to pregnant women who exercised. In this group, systolic pressure
increased by 2.5 mmHg, while the diastolic one did not change. A significant difference in the nailfold
capillary density at the end of the prenatal program has not been determined.

Conclusion Prenatal exercise of moderate-intensity has a positive effect on gestational weight gain and
the level of blood pressure in pregnant women. The nailfold capillary density has not differed significantly
after the prenatal program in pregnant women who have exercised and in those who have not.
Keywords: physical activity; pregnancy; gestational weight gain; blood pressure; microcirculation; mi-
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INTRODUCTION

The incidence of a sedentary lifestyle during
pregnancy increases, ranging from 64.5% to
91.5%, and tends to increase in the third tri-
mester of pregnancy. This contributes to the
occurrence of obesity in pregnancy, gestational
weight gain (GWG), and maintaining postpar-
tum body weight, and has a negative impact
on the health of pregnant women. In recent
years in Europe, the prevalence of obesity in
the entire population has increased epidemi-
cally and in pregnant women is around 25%
[1-5]. The American Institute of Medicine
presented guidelines and recommendations for
GWG. GWG for normally fed pregnant women
[body mass index — (BMI) 18.50-24.99 kg/m?],
is 11.5-16 kg [6].

Studies have shown that pregnant women
who have a sedentary lifestyle are 1.5 times
more likely to gain weight during pregnancy
compared to pregnant women who exercise [7,

8]. However, concerns about the safety of ex-
ercise in pregnancy seem to persist. In studies,
there is a large difference in interventions and
exercise intensity in pregnancy [9].

Excessive weight gain during pregnancy is
a risk factor for gestational diabetes and preg-
nancy-induced hypertension (PIH). During
pregnancy, the circulatory system is largely
adapted to meet the needs of the mother and
fetus [10, 11]. In a normal pregnancy, blood
pressure gradually increases during the second
and third trimesters, while peripheral vascular
resistance decreases, resulting in maintaining
blood pressure values in the normal range.
Pregnant women who do not exercise are three
times more likely to develop hypertension com-
pared to those pregnant women who exercise
[10-15]. There is little data on the effect of
exercise in the prenatal period on circulatory
characteristics in normal pregnancy. This study
researched the effect of prenatal exercise on
GWG, blood pressure, and microcirculation
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in pregnant women who exercised regularly, compared to
pregnant women who did not exercise regularly.

METHODS

The prospective, randomized study included 70 preg-
nant women (n = 70) in the northern part of Bosnia and
Herzegovina. The study was performed at the univer-
sity setting of the University of Banja Luka, Faculty of
Medicine, and at the Sveti Vracevi Celinac Health Center,
from December 2020 to August 2021. Trial registration:
Clinicaltrials.gov identifier - NCT05001906. At the gyne-
cological appointment healthy singleton pregnant women,
confirmed by a gynecologist, were assigned to the control
and experimental group with a simple randomization pro-
cess using a list of random numbers. Respondents, aged
20-40 years, with BMI < 25 kg/m?, joined the birth prepa-
ration program from the 20th to the 32nd week of gesta-
tion. BMI before pregnancy was determined by dividing
body weight in kilograms by squared body height in meters
(kg/m?) [16]. Respondents who agreed to participate in
the research voluntarily signed an informed consent form.
The Ethics Committee of the Faculty of Medicine in Banja
Luka approved the study.

Pregnant women were excluded from the study if bleed-
ing appeared during the prenatal program in the second or
third trimester, rupture of the amniotic sac, preeclampsia,
or PIH, and intrauterine growth restriction in the current
pregnancy, or anemia.

The prenatal program lasted for eight weeks and con-
sisted of theoretical classes on childbirth and prenatal ex-
ercises. The control group (n = 35) attended theoretical
classes three times a week, and the experimental group
(n = 35) attended prenatal exercises, as well. According to
the American College of Obstetricians and Gynecologists
recommendations a prenatal exercise program was created
to improve the condition of the pregnant woman, strength-
en the extremities, the area of the abdomen, back, pelvic
girdle and improve circulation [6]. Breathing exercises
were conducted. During the research, pregnant women
followed the general recommendations of exercise: they
did not exercise additionally in other places, ate normally,
dressed lightly, and avoided high heat, the room tempera-
ture of the exercise room did not exceed 24°C. Pregnant
women exercised three times a week for 45 minutes. The
exercise program was conducted by the prenatal instruc-
tor and supervised by a physiatrist. Training started and
ended with breathing and relaxation techniques for about
10 minutes, warm-up consisted of moderate walking for
about five minutes, followed by strength and stretching
exercises for about 30 minutes. Pregnant women exercised
in standing, sitting, kneeling, and sideways position, with
or without props (balls, straps, weights, etc.). Exercises per-
formed in a supine position with bent knees during this
study did not last more than five minutes, thus avoiding
the reduction of venous flow and hypotension [6]. The
exercises were performed alone or in pairs, with another
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pregnant woman or partner, in two to three sets, with
10-12 repetitions.

At the beginning and end of the study GWG, blood
pressure, and nailfold capillary density were analyzed. The
blood pressure was measured using a standard mercury
manometer before prenatal exercises, at the beginning
(between 20 and 32 weeks of gestation), and after eight
weeks of prenatal exercises (between 28 and 40 weeks of
gestation).

During prenatal exercises, the exercise load of pregnant
women was monitored based on the subjective feeling of
load using the Borg rating of perceived exertion scale. The
applied physical activity was of medium intensity for which
the score of perceived effort should be 13-14 (moderately
difficult) out of a total of 6-20. The range of 6-20 is ac-
tually an analogy with the resting heart rate (60) and at
maximum load (200), [2]. Pregnant women were explained
that when they subjectively felt “moderately difficult” they
should stop doing the exercise. It was also used “talk test”. It
is believed that as long as a pregnant woman can talk dur-
ing exercise, she is probably not overburdened or tired [7].

In this study, nailfold capillaroscopy was performed with
a Leica Z4 stereomicroscope and a digital camera. Pregnant
women sat with their left hand placed on a table at heart
level and a drop of immersion oil was placed on the nailfold
in order to improve the image resolution. The density of
capillary loops of the nailfold was assessed as the number of
capillary loops per 1 millimeter of the distal row of nailfold
capillary. Nailfold capillary loops of the fourth finger of the
left hand of all pregnant women were analyzed. The mor-
phometry of the nailfold capillaries was performed using
Image] Software (Image], Bethesda, MA, USA).

Statistical analysis was performed with the use of the
licensed version of the SPSS 20 software (IBM Corp.,
Armonk, NY, USA). The obtained data were analyzed
by methods of descriptive statistics. The t-test for paired
samples, with the appropriate level of significance p < 0.05,
was used to test the significance of the difference between
the two arithmetic means.

RESULTS

The control and experimental groups were equalized in
relation to the life age, the gestational age, and the BMI of
the pregnant women before pregnancy (Table 1).

Table 1. The average life age of pregnant women, gestational age at
the time of participation in the study, and body mass index of pregnant
women before pregnancy

Gestational age
Age of
of pregnant
P pregnant BMI
arameters women 2
women R (kg/m?)
(years) (gestational
weeks)
Pregnantwomen | 59751 324| 28974338 |2223+184
who did not exercise
Pregnantwomen | 315,331 29354356 |2132+187
who did exercise

The results are presented as mean values + standard deviation
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Figure 1. Gestational weight gain in pregnant women who did not exercise and in
pregnant women who exercised; the results are presented as mean values + standard

deviation

Table 2. Systolic and diastolic blood pressure in the control group and the experimental

group, at the beginning and end of the prenatal program

Bojanic V. et al.

highest value was 120 mmHg. At the end
systolic blood pressure was 127.22 + 13.44
mmHg. The lowest recorded value was
90 mmHg, and the highest value was 150
mmHg, which is a hypertensive value. Four
pregnant women developed hypertension.
A significant large difference was found in
the systolic blood pressure determined in
the first measurement time and the second
measurement time (t = -8.241, p < 0.001;
n? = 0.66) (Table 2). The increase in systol-
ic blood pressure in the control group was
15.56 mmHg (Figure 2).

In the control group at the beginning
of the theoretical classes, diastolic blood

B il O End of the pressure was 71.11 £ 7.85 mmHg.(Tame
Parameters the prenatal prenatal p value 2). The lowest recorded value of diastolic
program program blood pressure was 60 mmHg, and the
Pregnant women SXZE‘S’Efeb('::;fH )| 11167941 | 127221344 | p <0.001 highest value was 80 mmHg. At the end
who did not E wolic bl dg of the classes, diastolic blood pressure was
exercise p:zs‘;r'g (m°n‘zHg) 71114785 | 87.19£17.97 |p<0001 | §7.19 +17.97 mmHg. The lowest recorded
Systolic blood 108682979 | 111182977 | o 0039 value was 60 mmHg, and the highest value
Pregnant women | pressure (mmHg) T A L was 110 mmHg. There is a significant large
ho did i i i . . g .
who did exercise | Diastolic (blooa || 6838043 | 68242825 |p=0887 f:hfferen.ce in diastolic blood pressure fognd
pressure immHg in the first and second measurement time
The results are presented as mean values + standard deviation (t =-4.857, p< 0.001; T,Iz — 0.40). The in-
20 crease in diastolic blood pressure in the
. 15,562 11 3316:08 £ 19.87 control group was 16.08 mmHg (Figure 2).
° In the experimental group at the begin-
- . . .
2 g0 ning of prenatal exercise, systolic blood
EE pressure was 108.68 + 9.79 mmHg (Table
S .
< E 238607 2). The lowest recorded value of systolic
== B 015597
= 0 blood pressure was 90 mmHg, and the
Control group Experimental group highest value was 130 mmHg. At the end
B [ncrease in systolic blood pressure Increase in diastolic blood pressure of prenatal exercise, SYStOliC blood pressure

Figure 2. Increase in systolic and diastolic blood pressure after eight weeks of moni-
toring in pregnant women who performed prenatal exercises and in pregnant women
who did not perform prenatal exercises; the results are presented as mean values +

standard deviation

In the control group after eight weeks of attending
theoretical classes on childbirth, the GWG was 19.94 +
3.37 kg [mean value (MV) * standard deviation (SD)]
(Figure 1). The smallest weight gain in this group was
13 kg and the largest 29 kg. In the experimental group,
after eight weeks of attending prenatal exercises, the GWG
was 11.65 + 1.35 kg (Figure 1). The smallest weight gain
in this group was 9 kg and the largest 15 kg.

Using a t-test, a significant difference in the increase in
GWG was found between pregnant women who did not
exercise (MV =19.94, SD = 3.37) and pregnant women who
exercised (MV = 11.65, SD = 1.35), (t = 13.658, p < 0.001).
The difference in GWG (MV = 8.30) between the two
groups of pregnant women is large (n? = 0.70). Pregnant
women who did not exercise had significantly higher GWG.

In the control group, at the beginning of the theo-
retical classes on childbirth, systolic blood pressure was
111.67 + 9.41 mmHg (Table 2). The lowest recorded
value of systolic blood pressure was 90 mmHg, and the

‘ DOI: https://doi.org/10.2298/SARH211030043B

was 111.18 + 9.77 mmHg. The lowest value
of systolic blood pressure was 90 mmHg,
and the highest value was 130 mmHg. In the
experimental group there was a significant
increase in systolic blood pressure (mean
difference = 2.50 mmHg) with systolic pressure remaining
within normal limits, that is hypertension did not develop
(t=-2,153, p = 0.039). The difference is of medium inten-
sity (n? = 0.12) (Figure 2). In the experimental group, it was
observed that some pregnant women had to slow down
with exercise because they felt tired and weak.

In the experimental group, at the beginning of exercise,
the MV of diastolic blood pressure was 68.38 + 9.43 mmHg
(Table 2). The lowest determined value of diastolic blood
pressure was 60 mmHg, and the highest was 80 mmHg.
At the end of exercise, diastolic blood pressure was
68.24 + 8.25 mmHg (Table 2). The lowest recorded value
was 60 mmHg, and the highest value was 85 mmHg. A
significant difference in the MV of diastolic blood pressure
in the first and second measurement time was not found
(t=0.144, p = 0.887). Diastolic blood pressure was within
normal limits (Figure 2).

In pregnant women who exercised, the increase in
systolic blood pressure of 2.50 mmHg was significantly
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Table 3. Nailfold capillary density in the control group
and the experimental group, at the beginning and end

Figure 3. Nailfold capillary loops

less compared to the increase in systolic blood pressure
of 15.56 mmHg in pregnant women who did not exercise
(t=-5.892, p = 0.0001) (Figure 2). In pregnant women
who exercised, there was no significant increase in dia-
stolic blood pressure after eight weeks of follow-up, while
in non-exercising pregnant women there was an increase
in diastolic blood pressure of 16.08 mmHg, which is a sig-
nificant difference (p < 0.0001) (Figure 2).

The density of nailfold capillary loops was analyzed.
Nailfold capillary loops had a hairpin shape and were or-
ganized in rows (Figure 3). In non-exercising pregnant
women nailfold capillary density was 7.29 + 1.21 capil-
laries/mm at the beginning of the study and 7.29 + 0.98
capillaries/mm at the end of the study (Table 3). The nail-
fold capillary density in non-exercising pregnant women
did not change after eight weeks of gestation (p < 0.001).

In pregnant women who exercised nailfold capillary
density was 7.05 + 1.36 capillaries/mm at the beginning of
the study and 7.05 + 1.36 capillaries/mm at the end (Table
3). The density of nailfold capillary loops in pregnant
women who exercised did not change after eight weeks of
pregnancy (p < 0.001).

DISCUSSION

In this study pregnant women who exercised had signifi-
cantly less GWG. A study by Vargas-Terrones et al. [8]
showed that prenatal exercise and diet during pregnancy
reduced GWG. Non-exercising pregnant women were 1.5
times more likely to gain weight during pregnancy [15].
da Silva et al. [9] found that an exercise program reduced
GWG. In pregnant women different types of prenatal ex-
ercises have reduced GWG [17]. Multiple factors can affect
GWG, including type and/or intensity of exercise, lifestyle,
diet, lifestyle alignment, and socioeconomic and environ-
mental factors [8]. Weight gain is caused by an imbalance
between energy intake and energy spending. In this study,
pregnant women who exercised, ate normal, but did not
have a sedentary lifestyle, and therefore, had higher energy
spending. The weight of pregnant women during the pre-
natal program can be controlled and possible complications
for the health of the mother and baby can be prevented.
Weight gain increases the risk of developing hyperten-
sion during pregnancy. Blood pressure gradually increas-
es during the second and third trimesters [14]. Physical
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of the prenatal program

Nailfold capillary density
(capillary/mm)
Parameters Pregnant Pregnant
women who did |  women who

not exercise exercised
Beginning of the |, 55 | 4 5 7.05+136
prenatal program
End of the 7.29+0.98 7.05 + 136
prenatal program

The results are presented as mean values + standard deviation

activity may reduce the risk of developing hypertensive
disorders and functional status depends on individual pa-
tient performance [18, 19, 20].

In this study, at the end of theoretical classes, non-
exercising pregnant women had a significant increase in
systolic blood pressure of 15.56 mmHg, and diastolic blood
pressure of 16.08 mmHg. In pregnant women who exer-
cised, a significant increase in systolic blood pressure of
2.50 mmHg was found, and diastolic blood pressure did
not change significantly.

In pregnant women who exercised, the increase in
systolic blood pressure after eight weeks of 2.50 mmHg
was significantly less than the increase in systolic blood
pressure in non-exercising pregnant women. In pregnant
women who exercised, there was no significant increase
in diastolic blood pressure after eight weeks of follow-up,
which is a significant difference compared to non-exer-
cising pregnant women in whom there was an increase in
diastolic blood pressure of 16.08 mmHg.

In pregnant women who exercise there were improve-
ments in blood pressure [15, 21]. Boparai et al. [14] showed
that pregnant women who exercised, showed after inter-
vention an attenuated increase in arterial pressure com-
pared to the control group. Pregnant women who have not
exercised are three times more likely to develop hyperten-
sion compared to pregnant women who have exercised
[15, 21]. The potential reason why pregnant women who
exercised had a lower systolic and diastolic blood pressure
increase than the non-exercising pregnant women, could
be the beneficial effects of exercise in the prevention of
excessive GWG. Obesity is associated with hypertension.
Weight gain leads to an increased risk of developing hy-
pertension during pregnancy. Pregnancy is a unique op-
portunity to improve health outcomes for both mother and
child. Physical activity in pregnancy had beneficial effects
on anxiety and blood pressure [22, 23, 24].

During pregnancy, the macrocirculation and microcir-
culation of pregnant women adapt. Data on the microcir-
culatory adaptation of pregnant women are scarce, mostly
due to technical limitations [10].

In this study, the density of nailfold capillary loops in
non-exercising pregnant women and those who exercised
did not change after eight weeks of pregnancy. The average
density of nailfold capillary in non-exercising pregnant
women, at the beginning of the study was 7.29 capillaries/
mm, and at the end was 7.29 capillaries/mm. The density
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of nailfold capillary in pregnant women who exercised at
the beginning of exercise was 7.05 capillaries/mm, and at
the end 7.05 capillaries/mm.

In studies, the average capillary density ranges 7.3-10.3
capillaries/mm in healthy adults [25, 26, 27]. In previous
research during pregnancy was observed an increase in
capillary density and neoangiogenesis, and a reduction
in capillary dilations [10]. Monitoring of microcircula-
tory changes can be viewed as a method that helps us to
record the changes that precede the onset of clinical dis-
ease. Decreased capillary density has been demonstrated in
individuals with hypertension [28]. Studies have revealed
that the method of nailfold capillaroscopy facilitates the
identification of women who have a more pronounced ten-
dency to PIH because of the structural rarefaction of capil-
laries. In the control group, where a significant increase in
blood pressure was found after eight weeks of follow-up,
there was no decrease in capillary density. It is possible that
the increase in blood pressure is reflected more in other
characteristics of nailfold capillaries, such as the shape or
length of capillaries, and further research is needed.

The described birth preparation program was devel-
oped for the purpose of promoting physical activity during
pregnancy as a healthy lifestyle, reducing anxiety, and im-
proving the self-control of pregnant women in childbirth.

Identifying risk factors for future cardiovascular dis-
eases and early assessment of the circulatory status of
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pregnant women can lead to earlier lifestyle changes and
disease prevention.

CONCLUSION

Prenatal exercise of moderate intensity has a positive ef-
fect on GWG. Pregnant women who did not exercise had
a significantly greater increase in GWG. Prenatal exercise
of moderate-intensity has a positive effect on blood pres-
sure. In pregnant women who exercised, the increase in
blood pressure was less compared to the increase in blood
pressure in pregnant women who did not exercise. After
eight weeks of the prenatal program, the difference in
the capillary density of the nailfold was not determined
in pregnant women who exercised and pregnant women
who did not exercise.
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UcTpaxkuBarbe yTULaja NpeHaTaHUX BeXKOM Ha aHTPONOMETPUjCKE M BacKyNapHe

napamerpe TpyaHULa

Bnatka bojaHuh', BecHa Jby6ojesnh?, TatjaHa Hoxua-Pagynosuh?, Munuua Nlazosuh?
'YHuep3utet y baroj Nlyuu, MeguumHcku akyntet, babuiuTeo, LieHTap 3a TpyaHuue PagocHuua’, barba Jlyka, Penybnuka Cpncka,

bocHa n XepuerosuHa;

2YHusep3uTeT y barboj Nyuu, MegnunHckm Gakyntet, YHUBEP3UTETCKM KNMHWYKKM LeHTap barba Jlyka, Kategpa 3a xuctonorujy v

em6puonorujy, bara Jlyka, Peny6ninka Cpricka, bocHa 1 XepLerosuHa;

3YHuBep3uTeT y baroj Nyun, MegnumHckn dakynter, Katefpa 3a GprsnkanHy MeauumHy 1 pexabunutauujy, UHCTUTyT ¢pusnkante
MeauumHe v pexabunutayuje ,Jp Mupocnas 3otosuh’, Barba Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa;
*YHuBep3uTeT y beorpagy, MeguuuHckmn dpakyntet, Kateapa 3a drsnkanHy meanunHy u pexabunutauujy, MIHCTUTYT 3a pexabunutauujy,

beorpag, Cpbuja

CAXETAK

YBoa/Lnmb YyectanocTt cefanaykor HayrHa »K1MBOTa TOKOM
TpynHohe ce noeehaga. To foNprHOCHK rectaumjckom nosehary
TeNecHe TeXVHE 1 IMa HeraTuBaH yTuLiaj Ha 3apaBrbe.

Y 0BOj CTYAMjY Ce NCTPAXKMBAO YTHLAj NPEHaTaNHNX BEXOU Ha
rectauujcko noehatre TenecHe TeXMHe, KPBHU MPUTHCAK 1
MUKPOLMPKynaLujy Koa TRYAHMLA Koje Cy Bexbare 1 oHUX Koje
HUCy Bexbane.

Metope VicnuTmBame je ykibyunno 70 TpyAaHMLA Ca ypeLHOM
TpyAHONOM, Koje Cy ocam HeAerba noxahane mporpam NcUxo-
¢dr3mnuke npunpeme 3a nopohaj. KoHtponHa rpyna (n = 35) no-
xahana je TeopeTcKy HacTaBy 0 Nopohajy, a ekcnepuMeHTanHa
rpyna (n = 35) noxahana je v npeHaTanHe Bexbe. YTBphHeHu cy
rectauujcko noehatrbe TefnecHe TEXMHE, KPBHU MPUTHCAK 1
ryCTVHa Kanunapa KoXHor Habopa HokTa 1 ynopeheHu usmehy
AiBe rpyne.

Pe3syntatu [ecTaumjcko noBehare TenecHe TexuHe og 19,94
kg Ko TpyAHMLA Koje Hucy Bexkbare je 3HauajHo Behe of recta-
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upnjckor noBeharba TenecHe TexuHe of 11,65 kg Kop TpyaHULA
Koje cy Bexxbane. TpyaHuLe Koje HICY Bexbare cy Umane 3Ha-
yajHo Behe noBehatbe cucTonHoOr NpuTUCKa (3a 15,56 mmHg) n
AujacTonHor npuTmncka (3a 16,08 mmHg) y ogHocy Ha TpyaHuLe
Koje cy Bex6ane. Y 0BOj rpynu CMCTONHW NpuTKcak ce nosehao
3a 2,5 mmHg, BOK Ce AnjacTONHM HIje Metbao. 3HayajHa pasnuka
y TYCTUHU Kanwunapa KoXHor Habopa HOKTa Ha Kpajy npeHartan-
Hor mporpama Huje yTBpheHa.

3aksbyyak peHaTanHo Bexbare yMepeHor HTeH3UTETa MMa
Mo3UTKBaH YTULAj Ha recTauujcko noBehatbe TenecHe TeXnHe
1 Ha BUCUHY KPBHOT NPUTUCKA TpyAHMLA. [ycTHa Kanunapa
KOXHOI Habopa HOKTa HUje ce 3HayajHO Pa3NNKoBana HaKoH
npeHaTanHor Nporpama KoA TPyAHMLA Koje Cy Bexbane v Kog,
OHUX KOje HuCY.

KrbyuHe peun: p13nuKa akTUBHOCT; TPyAHON; rectaLyyjcko no-

Behatbe TenecHe TEXVHE; KPBHU NMPUTMCAK; MAKPOLIMPKYaLuja;
Mepetbe rycTMHe MUKPOBACKYTapHUX CyA0Ba

www.srpskiarhiv.rs
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SUMMARY

Introduction/Objective The COVID-19 disease, which has turned into an important public health prob-
lem, has negatively affected individuals not only physically but also psychologically.

The aim of this study is to examine the anxiety and depression status of cancer patients, comparing to in-
dividuals with non-cancer chronic diseases and healthy individuals during the COVID-19 pandemic period.
Methods This cross-sectional study was conducted during the COVID-19 pandemic period between
May 8 and June 25 2020 with 1107 people in Turkey. The mean age of the participants in the study was
36.41 £+ 12.80. The sample comprised three groups: cancer group (n = 262), chronic disease control group
(n=250), and healthy control group (n = 595). The data were collected with the Descriptive Characteristics
Form and Hospital Anxiety and Depression Scale.

Results The anxiety and depression scores were found to be higher in patients with cancer comparing
to the other two groups. Having cancer was predictive of higher anxiety and depression score explain-
ing 13% of the anxiety scores variance and 17% of the depression scores variance. Patients with the
non-cancer chronic diseases, and healthy participants had anxiety and depression mean scores in the
range of the borderline level.

Conclusion These findings suggest that depression and anxiety rates among patients with cancer are
specifically higher comparing to patients with other chronic diseases and healthy individuals. The levels
of anxiety and depression in the latter two groups should also be paid attention to during the pandemic.
This study may have important practical implications in terms of the need for psychological screening.
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INTRODUCTION

The COVID-19 disease, which is a significant
health threat for the entire human population,
is more severe in people with chronic diseases
[1]. The COVID-19 pandemic has turned into
an important public health problem due to con-
siderable risks for physical health, but has also
been negatively affecting individuals psycho-
logically. Recent studies have demonstrated that
anxiety and depression rates have increased in
the society during the COVID-19 pandemic
[2, 3]. Factors such as fear of illness and death,
uncertainty of the pandemic process, and un-
certain daily life, all cause psychological stress
in individuals [4]. During the pandemic, stress
and anxiety especially develop in individuals
who have chronic diseases [5]. In literature, it
has been stated that cancer patients have expe-
rienced high levels of depression and anxiety
[6]. To our knowledge, no comparative stud-
ies investigating the anxiety and depression
status of individuals with cancer, individuals
with non-cancer chronic diseases, and healthy
controls have been encountered.

Cancer patients are immunosuppressed
due to malignancy itself or treatments such as

chemotherapy, radiotherapy and surgery, and
this makes them vulnerable to infections [1].
The concerns of cancer patients about getting
infected and sick, hospitalization and death are
higher than the general population [7]. Factors
such as social isolation, fear of sickness, and
death of other patients increase the probability
of depression in cancer patients. Reasons such
as being in a high risk group, having to go to
hospitals, which are the places with a high risk
of infection, and thinking about the possible
harms of their treatment may negatively affect
the psychological functioning of cancer patients
[4]. On the other hand, the focus of the entire
society on the intense events of the pandemic,
on disease, hospitalization and death, may be
something that cancer patients and the rest
of the individuals have in common now, dis-
tracting the cancer patients from their more
personal perspective of problems, and possibly
alleviating their negative feelings.
Individuals with chronic diseases are at
higher risk of anxiety and depression compared
to the healthy population [8]. This is very im-
portant as it may impair adherence to the treat-
ment and directly worsen disease outcomes by
adding psychological stress to physiological
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stress [9]. Cancer patients are a more vulnerable patient
group among those with chronic diseases. Decreased ad-
herence to the treatments and delayed follow-up screenings
can lead to irreversible negative outcomes [10]. In extraor-
dinary situations like pandemic, it is important to know
the psychological status of high-risk individuals, as well as
of the general population [11]. Since COVID-19 can affect
individuals with chronic diseases in multiple ways, it has
been reported in literature that providing adequate care
and support is a matter that specifically needs attention [8].
COVID-19-related anxiety influenced the decision-making
processes of the patients [12]. Cancer patients expressed
that they were deprived of social support as they could not
talk to healthcare providers during the COVID-19 period
[13]. It is important to determine the distress status of the
cancer patients. Online screening programs are gaining
significance within the scope of isolation measures.

Studies have been carried out to determine the anxi-
ety and depression level of the society during COVID-19;
however, there are few studies comparing the cancer pa-
tients and the healthy population [14, 15]. There are con-
tradictory data regarding whether the anxiety and depres-
sion rates of cancer patients are higher than the healthy
population during the pandemic [16, 17]. In a study from
China, 23.4% of the cancer patients had depression and
17.7% had anxiety during the pandemic, but only 1.6%
of these patients received psychological support [18].
Determination of specific groups may help with develop-
ing intervention programs. In this sense, it is significant
to identify the anxiety and depression status of individuals
with cancer, individuals with non-cancer chronic diseases
and healthy individuals. Cancer patients who avoid going
to the hospital even because of their treatments can be
screened in terms of depression and anxiety with an online
questionnaire. In this context, we anticipate that our work
will set an example.

The aim of the study described in this paper was to
evaluate and compare the anxiety and depression status of
cancer patients, individuals with non-cancer chronic dis-
eases and healthy individuals during the early COVID-19
period with an online screening program.

METHODS
Study design

This cross-sectional study was conducted in Istanbul,
Turkey during the COVID-19 pandemic period between
May 8 and June 25, 2020.

Participants

The study sample comprised three groups, the group of
patients with cancer (C), the group of patients with other
chronic diseases (CD), and the group of healthy subjects
(H). A simple random sampling method performed by
a computer was used in selecting the participants from
7,000 individuals whose information was available at the
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University of Health Sciences Sultan 2. Abdiilhamid Han
Training and Research Hospital automation system. The
computer program enumerates the items in the sampling
frame, determines the automatically produced random
numbers, and presents the selected items to the researcher
in writing or digitally. The sample groups were randomly
selected from the groups of cancer patients (records of
the oncology department), of patients with non-cancer
chronic diseases (records of the internal medicine clinic)
and of those without any diseases (individuals with general
health screening code, who were referred to the hospital
for various reasons such as recruitment, or military service
application).

To assess the eligibility for the study, the participants’
diagnoses recorded in the electronic medical records were
examined. Patients with chronic diseases were eligible if
they had diabetes mellitus, hypertension, neurological
diseases, asthma, chronic obstructive pulmonary dis-
ease, other pulmonary diseases, cardiovascular diseases,
or hypothyroidism. Patients with conditions other than
the aforementioned ones who had the long-term use of
medication and/or were followed up for any chronic dis-
ease (rheumatic disease, endocrinal disorders, liver dis-
ease, kidney diseases) were also eligible (classified as other
chronic diseases).

Existing diseases were determined according to the di-
agnoses written according to the ICD-10 classification. The
patients with any diagnosed psychiatric disorder (anxi-
ety and depressive disorders, bipolar disorder, psychosis,
obsessive-compulsive disorder, etc.), intellectual disability,
Alzheimer’s disease or other forms of dementia were ex-
cluded from the study. The patients were also excluded
from the study if they reported having these comorbidi-
ties within the descriptive characteristics form. Finally, the
patients who had both cancer and other comorbid chronic
disease were excluded from the study as well.

To determine the sample size, a power analysis was con-
ducted in the G-Power 3.1 program (G-Power, Aichach,
Germany) by taking into consideration the values of the
data obtained from a similar study in the literature [19].
The t-test for independent groups, Cohen’s d coefficient
used. The sample size was calculated to achieve a power
of 95% at a significance level of 0.05. The power calcu-
lation indicated that the required sample size was 1120
people. The initial sample comprised 1141 individuals, out
of which 21 were excluded from the study due to having
psychiatric disorders, and 13 individuals not completing
the questionnaire. The final sample comprised 1107 par-
ticipants: group C (n = 262), group CD (n = 250), and
group H (n = 595). The mean age of the individuals who
participated in the study was 36.41 + 12.80, and 82.7% of
the participants (n = 916) were female. Comorbidity data
of the patients are shown in Table 1.

Instruments
The participants completed a self-report questionnaire
consisting of the Descriptive Characteristics Form and the

Hospital Anxiety and Depression Scale (HADS).
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Table 1. Distribution of descriptive characteristics

Min-Max (Median) 18-80 (36)
Age (years) Mean + SD 36.4|\1l %;/:)2.80
Female 916 (82.7)
Gender
Male 191 (17.3)
Marital Married 734 (66.3)
Status Single 373(33.7)
Diabetes mellitus 53 (4.8)
Hypertension 77 (7)
Non-Cancer | Neurological disease 21(1.9)
Chronic Asthma, COPD or other lung diseases 82(7.4)
Disease Cardiovascular disease 13(1.2)
Hypothyroidism 37 (3.3)
Other* 163 (14.7)
No 845 (76.3)
Active 53 (4.8)
Cancer - —
Cured, still receiving treatment 93 (8.4)
Cured, not receiving treatment 116 (10.5)
H 595 (53.7)
Group (@b 250 (22.6)
C 262 (24.7)

*More than one disease was noted
COPD - chronic obstructive pulmonary disease; H - healthy control group; CD
- non-cancer chronic disease group; C - cancer group

Descriptive characteristics form

In the form developed by the researchers, there is a total
of six questions, which investigate the participants age,
gender, marital status, number of children, comorbidity,
and additionally, state of the condition for cancer patients
(active disease, in remission and still receiving treatment,
in remission and having completed the treatment). Patients
who received various preventive treatments (such as long-
term hormone therapy for some cancers, trastuzumab
treatment for breast cancer etc.) were classified in remis-
sion and still receiving treatment group despite their cancer
disease being in remission.

Hospital Anxiety and Depression Scale

HADS is a self-report questionnaire designed to screen the
symptoms of anxiety and depression in individuals with
medical diseases other than psychiatric illnesses [20]. It
was created by Zigmond and Snaith [20], and its Turkish
version validity and reliability study was carried out by
Aydemir et al [21]. The four-point Likert type scale, which
consists of 14 items, has two subscales (anxiety scale, and
depression scale). Higher scores on each scale indicate a
higher level of anxiety or depression (more severe symp-
toms). The scores of 0-7 refer to the normal levels, 8-10
to the borderline levels, and the score of 11 or above to the
high, abnormal levels of anxiety or depression. Cronbach
a value was found to be 0.85 for the anxiety subscale, and
0.78 for the depression subscale by Aydemir et al [21]. In
the current study, the Cronbach a value of the anxiety,
and depression subscale were 0.86 and 0.78, respectively.
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Procedure

The study was approved by the University of Health Sci-
ences Hamidiye Ethics Committee (approval number
20/133, on May 5, 2020) before the study commenced. The
patients were called by phone and they confirmed their
initial willingness to participate in the study. Individuals
who initially agreed to participate, were then informed
about the purpose of the study, the procedure, data pri-
vacy, and the voluntary nature of participation. Individuals
read and signed the informed consent forms online. The
study was conducted in compliance with the “Ethical prin-
ciples for medical research involving human subjects” of
the Helsinki Declaration. The online questionnaire was
completed by participants through the Survey Monkey
platform. Confidentiality was secured by completely de-
activating electronic records and IP address records. This
study was registered at the Protocol Registration and
Results System (Clinicaltrials.gov PRS) with the registra-
tion number NCT04698044.

Statistical Analysis

For statistical analyses, Number Cruncher Statistical
System (NCSS) 2007 (Kaysville, UT, USA) was used. The
data of the study were analyzed with descriptive statistical
methods (mean, standard deviation, median, frequency,
rate, minimum, maximum). In the comparison of quanti-
tative data, the student’s t-test was used for the two-group
comparisons of normally distributed continual variables.
One-way ANOVA test was used for the comparison of
three and more groups with normal distribution of con-
tinuous variables. Bonferroni post-hoc analysis was used to
determine the difference between groups. Pearson’s x* test
was used for the comparison of the categorical data. The
predictive effects of having cancer (1), noncancer chronic
disease (2) or being healthy (3) on anxiety and depression
scores were evaluated using the multiple linear regression
analysis. Significance was evaluated at p < 0.05.

RESULTS

Anxiety and depression scores and level categories
in groups of participants

The descriptive parameters of HADS scores in the to-
tal sample are presented in Table 2. Table 3 presents the

Table 2. Hospital Anxiety and Depression Scale subscale and total
score distribution

Disorders Min-Max (Median) Mean = SD
Anxiety 0-21(9) 8.88 +4.38
Depression 0-21(8) 8.56 +4.07
Total 0-40(17) 17.44 +7.80

comparison of scale for anxiety (HADS-A) and depres-
sion (HADS-D) scores according to the cancer disease
status of the individuals. HADS-A and HADS-D scores of
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Table 3. Mean Hospital Anxiety and Depression Scale (HADS) scores according to cancer

disease status

The HADS-A and HADS-D scores of

patients with different non-cancer chronic

Parameters — HAD; . diseases are presented in Table 4. Anxiety
: : nxiety EPression | and depression scores of the individuals
No (n = 845) Min-Max (Median) | 0-21(9) 0-20(8) were found to be higher than the normal
5 ye M,\:an iMSz 8'75; 4;8 7'53 24'06 cut-off values in all chronic diseases except
= Yes (n = 262) m;/l o (+ :D'an) 1;; l ‘(‘ ;1 5 ;51 +(Z)1 5 for hypothyroidism.
ean x 4G T4, K * 4,
Y 2 1831 0135 When we analyzed the HADS scores
Test '\Jlalue ;0 ")35 ’;0 .008 as categorical variables, according to the
, - : - proposed cut-offs, about a half of the group
. Min-Max (Median) | 1-17 (10) 0-21(8) K K
Active (n=53) Mean + 5D 12922400 | 12122427 C had high levels of anxiety (50.76%) and
+ 92+4. 124, A N R
In remission, still receiving | Min-Max (Median) |  1-21 (9) 0-18(8) dep.reSSIOrcll 5150 ). 'The dlStrlt.)utlli)n ?f
5 treatment (n = 93) Mean + SD 14852414 1145+4 anxiety and depression categm.rlca evels
5 Cured, having completed | Min-Max (Median)| 218 (9) 0-1907) of the part1c1pants was shown in Table. 5.
treatment (n = 116) Mean + SD 13484387 | 1298 41 In cancer patients, the rates of those with
Test value F0.683 F:1522 high anxiety and high depression scores
p 0.506 0.220 were higher than in the CD and H groups.
B Min-Max (Median) | 0-21 (8) 0-20 (7) In addition, the rates of those with high
H (n =595) Mean £ SD 828+ 446 | 834+418 anxiety and high depression scores in the
g €D (n = 250) Min-Max (Median) |  0-20(9) 0-20 (8) CD group were higher than in the H group.
n=
S Mean = SD 9.87 +4.35 | 841+4.09
o , : i f anxi d
£ C(n=262) Min-Max (Median)|  1-21 (9) 0-19 (7) Predictive models of anxiety an
© = .
% Mean = SD 144+42 |1245+4.12 dePreSSlon scores
£ F:8.969 F:4.495
& Test value «0.001 0,004 To determine the predictive factor of anxi-
p C>CD>H* CC> CHE* ety and depression factor in having cancer,
>

aOne-way ANOVA
bStudent’s t-test
*Bonferroni Correction was used.

H - healthy control group; CD - non-cancer chronic disease group; C - cancer group

Table 4. Mean Hospital Anxiety and Depression Scale (HADS) scores according to non-

cancer chronic diseases

having chronic disease and being healthy,
a multiple linear regression models were
applied, with the disease conditions (study
group) as the predictors, and anxiety and
depression scores as the outcome variables.
Having cancer was a significant predictor

HADS . . ; .
Chronic diseases : : of higher anx1e:[y and depression, with
Anxiety | Depression the participants’ status of having cancer
Diabetes mellitus (n = 53) Min-Max (Median) | 2-20(10) 1-20(9) explaining the anxiety score variance by
Mean + SD 10.52+4.47 | 9.19+4.55 . .
Min—Max (edianl | 0-20 ©) 021 @ 13% and the depression score variance by
. _ IN—Vlax edlan —. -
Hypertension (n =77) Mean + SD 93+486 | 829+444 | 17% (Table6).
. . _ Min-Max (Median) 1-17 (9) 1-21(8)
Neurological diseases (n =21) Mean + SD 883439 | 8.62+491
Asthma/COPD/other lung diseases | Min-Max (Median) | 2-20(10) 1-21(9.5) DISCUSSION
(n=82) Mean + SD 10.39+4 9.34 £4.38
Cardiovascular diseases (n = 13) MInRAMaX (+Mseglan) 859—21Z ;8;3 82(;;1(?)2 Beyond medical risks, the pandemic has
_ean =0 FLE Loxs. led to enormous psychological and social
Hypothyroidism (n = 37) M'”R/‘Mez)r: ng'an) 07_ 194(3) 706_ 1+5 4(%)8 effects in the whole population [11]. In this
. P e —— study conducted during the pandemic, the
Other chronic di —163 Min-Max (Median) 1-20(9) 0-20 (8) ) .
ther chronic diseases (n = 163) Mean + SD 093+442 | 826+4.14 mean anxiety and depression scores of the

COPD - chronic obstructive pulmonary disease

group C were found to be statistically significantly higher
compared to those without cancer. The anxiety and de-
pression scores of group C were found to be significantly
higher than anxiety and depression scores in the groups
CD and H. While the mean anxiety score of group CD
was significantly higher than that of group H (p = 0.032),
no significant difference was observed in terms of mean
depression scores (p = 0.61). The mean values of HADS-A
and HADS-D scores for the groups CD and H were higher
than the normal cut-off value (borderline level).
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individuals were found to be borderline or
above (depending on the study group) and
these rates raise attention. Anxiety and depression seem to
be commonly observed during the COVID-19 period. In
a study conducted in Wuhan, it was revealed that depres-
sion was observed in 48.3% and anxiety in 22.6% of par-
ticipants in the general population during the COVID-19
pandemic [22]. The stress levels of the individuals were
found to be high in the studies conducted in the United
States and Turkey, and our study results are in line with
these findings [23, 24].
In Turkey, the first case was observed on March 11,
2020, schools were closed, work programs were changed,
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Table 5. Anxiety and depression levels (based on cut-offs) in the cancer group, chronic

disease control group and healthy control group

Yildirim Ayaz E. and Dincer B.

cross-sectional exploration in the early pe-

riod of pandemic, this may have been related

“X? test; Bonferroni correction was used, different letters next to the frequencies indicate columns

that differ significantly

Table 6. Multiple linear regression analysis of participants anxiety and depression scores

N e 1155 to anxiety occurring earlier as a response to
Levels control group | control group group value .
n %) o (%) (%) ) acute events, whereas depression would be
Normal 263 (44.2), 72(288), | 68(259), | x%5453 evaevcﬁed I,Ii a longertfollow—u%per iod t[zfil'
n it com r , our
Anxiety | Borderline | 150 (25.2), 68(27.2), | 61(2328) | 0.001* en 1t comes 1o group L, our study
. showed significantly higher anxiety and
High 182 (30.6) 110 (44.0), 133 (50.76) . . . .
Normal 31853 4)3 73092) e S— 8125 depression scores in this group comparing
orma . . L O. . P .
2 b b | X to individuals without cancer. Furthermore,
Depression | Borderline 157 (26.4) 73(29.2) 60 (22.9) 0.003* . . . .
: 2 2 d with multiple regression analysis, we showed
High 120(202), 104 (41.6), 131 (50), that the status of having cancer explained

the variance of anxiety scores by 13% and
depression scores by 17%. These findings are
in line with pre-pandemic studies showing
anxiety and depression considerably associ-

Anxiety score a ated with this disease. Depression was found
Parameters B SE t P lower upper to be four times higher in cancer patients
Constant 2.896 0.052 than in non-cancer patients [29] and anxiety
C'versus CD* | 0.365 0.132 2.263 0.036 0.095 0.456 was found to be common in cancer patients
C versus H? 0.269 0.116 2.362 0.023 0.063 0.598 as well [6]. However, during the pandemic,

Model r=0.365 R*=0.145 Adjusted R’ =0. 136 F = 8.65 p = 0.003 the study results are heterogenous. In the
Depression score study where Ng et al. [16] compared cancer
Constant 3.012 0.143 survivors and healthy controls, less distress
C' versus CD? 0313 0.112 0.123 0.006 0.023 0.456 was observed in cancer survivors during
Cversus H? 0.462 0.102 0.236 <0.001 0.102 0.456 the pandemic_ In the study conducted bY

Model r = 0.445 R*=0.195 Adjusted R*=0. 173 F =8.96 p = 0.001 Gallagher et al. [17], an increased depres—

Cl - confidence interval; C — cancer group (1); CD - non-cancer chronic disease group;

(2); H - healthy control group (3)

cafes/restaurants were closed, lockdowns were implement-
ed, and people were advised to stay at home within the
scope of the measures taken for the purpose of protection
[25]. Launching the quarantine implementation caused
many changes in people’s social lives, which affected people
psychologically [2]. Unlike previous pandemics, the in-
tense use of social media today has caused the news of ill-
ness and death, the photos and videos of diseased persons,
to be constantly present in lives of individuals. All of these
factors have a great potential to provoke additional anxiety
and depression [26].

Moreover, HADS-A and HADS-D levels of the indi-
viduals with various chronic diseases were examined, and
these scores were found higher than the normal cut-off
values in all diseases except for hypothyroidism. In China
Center for Disease Control and Prevention’s report, car-
diovascular disease, diabetes mellitus, chronic respiratory
diseases, hypertension and cancer were found to be associ-
ated with the increase in death risk [27]. Therefore, having
these diseases may give more precaution and fear about
COVID-19 than healthy individuals in this period, which
can lead to more overall anxiety and depression in this
group. Anxiety and depression levels of individuals were
found high in chronic diseases in several studies, and it has
been emphasized that these people need to be supported
psychologically during this period [8]. In our study, the
anxiety scores of the individuals with non-cancer chronic
diseases were higher than those of the healthy individu-
als, whereas there was no significant difference in terms
of the mean depression scores. Given that our study was a

‘ DOI: https://doi.org/10.2298/SARH210624053Y

sion risk was identified in those with breast
and prostate cancers and leukemia, but there
was no increased risk in other cancers. In
the study conducted by Qian et al. [14], HADS-A and
HADS-D scores were stated to be borderline or high in
half of cancer patients during the COVID-19 pandemic.
Approximately 70% of these patients needed mental sup-
port [14]. In addition to the assessment of earlier studies,
our study further explored the anxiety and depression in
subgroups of group C - those with active disease, those in
remission and were still receiving treatment, and those in
remission who have completed their treatment. Anxiety
and depression scores were high in all three groups, po-
tentially implying the need of carefully assessing distress
in both cancer survivors and those with an active disease.

Management of cancer patients with COVID-19 is dif-
ficult during the outbreak. Stress, anxiety and depression
worsen the clinical outcomes of cancer [24-27]. In the
management of cancer patients, psychological evaluation is
quite important, and there is a need for emergency screen-
ing and intervention programs.

During the social isolation period, people have begun
to spend more time on the Internet and use social media
more often as a way of communication. The Word Health
Organization published short suggestions on the web-
site under the heading “hashtagHealthyAtHome-Mental
Health,” consisting of daily routine, time to be informed and
social contact. The Beijing University has prepared a hand-
book to cope with stress and other psychological problems
to protect public mental health [30]. Each country should
develop psychological screening and intervention programs
in compliance with their socioeconomic status, culture and
beliefs during and after the pandemic period. Screenings
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and interventions may have importance for the entire popu-
lation, and cancer patients and those with chronic diseases
may be perceived as a specific at-risk group.

Reaching people, informing them accurately and pro-
viding support to them via psychological online support
lines, handbooks and social media are just some of the
interventions to be applied. It is recommended to create
online patient support programs and to teach patients
the methods of coping with anxiety and depression.
Questionnaires can be first applied, and then diagnostic
and interventional programs involving online interviews
and detailed tests can be developed. The check up and
treatment visits of the patients can be an opportunity to
be screened for anxiety and depression with the HADS
questionnaire. Medical staff should pay attention during
the pandemic period in terms of psychological approach
to the patients. They should provide calming, informative
and motivating interventions.

Limitations

This study contains several limitations. Firstly, this was
a cross-sectional study, which restricts the possibility of
analyzing the causality of effects. The fact that the pre-
pandemic levels of anxiety and depression among partici-
pants were not measured, the interpretation of the effects
of the pandemic on anxiety and depression is limited.
Secondly, even though the scales with acceptable, valid-
ity and reliability were used to determine the anxiety and
depression status of the individuals, these were self-report
scales, whereas psychiatric assessment would provide more
reliable evaluation (which was not done due to the quar-
antine). The participants with an underlying psychiatric
disorder that has not yet been diagnosed could potentially
have been present in the study, though, this factor was
equally possible in all three groups. Thirdly, the socio-eco-
nomic factors that affected anxiety and depression levels of
the individuals could not be evaluated and controlled for.
Furthermore, women’s participation was higher than men,
and the effects of gender were not adjuster for in this study,
which limits the generalizability of the results. Similarly,
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AHKCMO3HOCT M Aenpecuja Kog 0coba ca OHKONOWKUM 060/berbuma U 6e3 bux
TOKOM paHor nepuoga naHaemuje Kosuga 19

Enud Jungupum Ajas’, bepra [luHiep?

'YHUBep3uTeT 3[paBCTBEHNX HayKa, BonHuLa 3a 06yKy 1 nctpaxwsare ,CyntaH Abaynxamua XaH I, KnnHnka 3a nHTepHy MeauLmHy,

WcTanbyn, Typcka;

2Ynuep3uteT y iHcTaHbyny ,MepeHujet’, OakynTeT 3npaBCTBEHNX HayKa, Kateapa 3a 6onHnuKy Hery, ctaH6yn, Typcka

CAXETAK

YBop/Unsb bonect koBup 19, Koja ce npeTBopumna y BaxaH jas-
HO3[PaBCTBEH NPO6GEM, HEeraTUBHO je yTrLana Ha nojeguHue
He camo Gu3nYKK Beh 1 NCUXUYKN.

Linms oBe cTyauje je ma ncnmta aHKCMO3HOCT 1 fienpecujy 6onec-
H1Ka obonenux of paka y nopeherby ca ocobama ca XpOHUYHUM
obosberbuma 6e3 paka 1 3gpaBUM ocobama TOKOM neproga
naHgemuje kosmaa 19.

MeTtope OBa cTyamja npeceka CNpoBefeHa je TOKOM neproga
naHaemuje kosmnga 19 of 8. maja fo 25. jyHa 2020. rognHe Ha
1107 ncnutanuka y Typckoj. [poceyHa cTapocT yyecHuKa y CTy-
Anjy 6vna je 36,41 £ 12,80 roguHa. Y3opak ce cactojao of Tpu
rpyne: rpyna 6onecH1Ka ca OHKONOLWKUM 6onectrma (n = 262),
KOHTPOJIHa rpyna 6onecH1Ka ca ApyrviM XpoHUUHIM 6onectiMa
(n=250) 1 3ppaBa KoHTposHa rpyna (n = 595). Moaauu cy npu-
Kyn/beHy nomohy ObpacLia [eCKPUNTUBHUX KapaKTepUCTUKa 1
bonHnuke ckane 3a npoLieHy aHKCMO3HOCTU 1 Aenpecuje.
Pe3syntatu Y71BphHeHo je Aa cy CKOPOBY aHKCMO3HOCTM U Ae-
npecuje BULWN Kob 60MecHrKa ca OHKOMOLKMM 6onectuma y

DOI: https://doi.org/10.2298/SARH210624053Y

nopehetby ca apyre fige rpyne. [MpncycTBo oHKosoLKe 6onect
je 6uno 3HavajaH NPeANKTOP BULLMX CKOPOBA aHKCMO3HOCTM 1
Jenpecuje, 1 objaluraBano je 13% BapujaHce CKOPOBa aHKCU-
03HOCTU 1 17% BapujaHce ckopoBa Aenpecuje. bonecHuuym ca
APYrM XPOHUYHMM 6ONecTMa 1 3[paBu UCNUTaHUL UMann
Cy CpeAtbe BPpeHOCTN aHKCMO3HOCTU 1 ienpecyje Ha rpaHuny-
HOM HVBOY.

3aksbyyak [lobujeHy Hanasm yKasyjy Ha To ia CTorne CMMNToMa
Aenpecuje N aHKCMO3HOCTM Kof 6oecHMKa ca OHKOJTOLWKIM
6onectma mory 6yt Behe y nopehetby ca 6onecHuLma ca
APYTVIM XpOHWYHUM 6onecTuma 1 3gpaBum ocobama. Ha cto-
ne aHKCMO3HOCTU 1 ienpecuje y noceae ABe rpyne Takohe
Tpeba 0b6paTVTK Naxiby TOKOM NaHAemuje. OBa CTyAmnja MOXe
MMaTN BaXkHe MpaKTUYHe MMNAMKaLyje y cmmciy notpebe 3a
MCUXONOLWKVM CKPUHVIHTOM.

KrbyuHe peun: koBUA 19; aHKCMO3HOCT; Aenpecuja; pak; Xpo-
HUYHa bonect
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Lymphangioleiomyomatosis and Langerhans cell
histiocytosis — two case reports from our practice

Ana Milenkovi¢', Miroslav Ili¢'?, Jovan Javorac'?3, Nevena Savic', Nensi Lali¢'?

'Institute for Pulmonary Diseases of Vojvodina, Sremska Kamenica, Serbia;
2University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;
3College of Vocational Studies for the Education of Preschool Teachers and Sport Trainers, Subotica, Serbia

SUMMARY

Introduction Lymphangioleiomyomatosis and pulmonary Langerhans cell histiocytosis are the most
common pulmonary cystic diseases. Although they differ in pathogenesis, they share several features.
The aim of this paper is to present the similarities and differences between these diseases, as well as to
describe two cases from our practice.

Outlines of cases The patient with lymphangioleiomyomatosis (43 years old) had pulmonary changes
detected during a regular examination within the underlying disease - tuberous sclerosis. Four years after
starting therapy with everolimus, she was still respiratory asymptomatic, a slight radiological deteriora-
tion of cystic changes was registered, the diffusion capacity was declining (by 12%).

The second patient (23 years old) was admitted due to bilateral radiological lung changes and symptoms
in the form of dry cough, quick fatigue, and chest pain. Pathohistological examination of the transbron-
chial biopsy showed numerous large-core histiocytes, immunohistochemically positive for CD1a and
S$100, so it was concluded that it was Langerhans cell histiocytosis. Cessation of smoking was advised.
The follow-up examinations showed withdrawal of symptoms and an orderly finding of lung function,
chest high-resolution computed tomography indicated slight regression of changes. In the meantime,
the patient gave birth to a healthy child, the pregnancy and prenatal period were uneventful.
Conclusion These diseases are extremely rare and in cooperation with other specialties should be dis-
tinguished from diseases that mimic lung cysts.

Keywords: lymphangioleiomyomatosis; pulmonary Langerhans cell histiocytosis; cystic lung disease

INTRODUCTION

Diffuse cystic lung diseases are a group of disor-
ders of different pathophysiological mechanism
of occurrence, which is characterized by the
presence of multiple lung cysts [1]. There are
conditions that mimic lung cysts, both in clini-
cal and radiological terms, and these are emphy-
sema, bronchiectasis, cavitation, honeycombing,
localized pneumothorax [2]. Individual cysts in
the lungs may be present in healthy individu-
als, as well as a result of aging, previous infec-
tions, or trauma. In the past decade, owing to
the development of high-resolution computed
tomography (HRCT), the level of knowledge
about these diseases has increased and disease
evaluation is performed based on the radiologi-
cal appearance of cysts (shape, size, wall thick-
ness, and distribution) [1, 3].

Lymphangioleiomyomatosis (LAM) and
pulmonary Langerhans cell histiocytosis
(PLCH) are the most common pulmonary
cystic diseases. Although they differ in patho-
genesis, they share several features. Both dis-
eases act as neoplastic disorders, have a cystic
radiological pattern, affect young people in
generative period, and can have extrapulmo-
nary involvement.

The aim of the paper is to present the simi-
larities and differences between these diseases

as well as to describe two cases from our prac-
tice.

REPORTS OF CASES

The patient with
lymphangioleiomyomatosis

Female patient (43 years old) was referred
to the Institute of Pulmonary Diseases of
Vojvodina in 2016 by a competent neurolo-
gist to clarify the etiology of bilateral diffuse
pulmonary changes, detected during regular
systematic physical examination within the un-
derlying disease — TSC, which was diagnosed in
her fourth month of life. Within her underlying
disease, the patient had occasional epileptic sei-
zures of the petit mal type, mild mental retarda-
tion, changes in the skin of the face and torso,
previously ultrasound-verified tumor-altered
structures of the kidneys and uterus (myomas).

Upon admission, the patient was asymptom-
atic; auscultatory finding was normal. X-ray of
the chest showed no pathological changes on
the lungs. HRCT verified bilateral and diffuse-
ly increased density of the lung parenchyma,
which showed smooth thickening of the in-
terlobular septa and a large number of clearly
demarcated, randomly distributed hypodense
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The patient with Langerhans cell
histiocytosis

The patient (23 years old) was admitted
to the Institute of Pulmonary Diseases of
Vojvodina in 2018 due to bilateral radiologi-
cal lung changes and symptoms (dry cough,
chest pain and quick fatigue) that appeared
two weeks before admission. She was a smok-

Figure 1. Chest high-resolution computed tomography of the patient with lymphan-

gioleiomyomatosis before therapy

er (5 packs/year), without comorbidities.
The X-ray of the chest verified reticular
changes in the upper and middle lung fields

f L. S

on both sides. Chest HRCT indicated bilat-
eral diffuse, more pronounced in the upper
and middle parts, thin-walled cystic lesions
of various sizes, up to 15 mm in size (Figure
3). Spiroplethysmographic finding indicated
a slightly reduced diffusion capacity (64%).
The gas exchange was normal. Pulmonary
hypertension (RVSP 43 mmHg) was reg-

Figure 2. Chest high-resolution computed tomography of the patient with lymphan-

gioleiomyomatosis after four years of therapy

Table 1. Findings of spirometry, diffusion capacity, and six-minute walk
test at the first and control examination in a patient with lymphan-
gioleiomyomatosis

First examination Control
Parameter
1] % 1 %

FVC 3.25 89.29 3.66 103.7
FEV 1 2.75 87.58 293 96.38
FEV1/FVC 84.62 80.05
DLCO 7.61 82.09 6.35 69.93
6MWT 420 m 57% 350 m 47%

FVC - forced vital capacity; FEV1 - forced expiratory volume in one second;
DLCO - diffusion capacity; 6MWT - six-minute walk test

(cystic) smooth-walled lesions of various shapes and diam-
eters (up to 16 mm in diameter) (Figure 1). The pulmonary
gas exchange was preserved at rest, while during exercise
of two floors oxygen dropped by 1.3 kPa. The spirople-
thysmographic finding was normal. During the six-minute
walk test the patient walked 420 m (57%). Mild pulmonary
hypertension (right ventricular systolic pressure - RVSP
35 mmHg) was verified by echocardiography (ECHO).
Based on the clinical and radiological findings, the patient
was diagnosed with LAM within tuberous sclerosis (TSC)
complex. The patient started using everolimus (5 mg/day)
in consultation with a neurologist and an immunologist.
The patient reported four years after the first examina-
tion (she had not reported for the advised annual check-
ups at her own initiative). She denied respiratory prob-
lems, auscultatory finding was normal. HRCT indicated a
discrete increase in the number of multifocal thin-walled
cystic changes (Figure 2). The spirometric finding was
normal, the diffusion capacity was declining compared
to the first examination (Table 1). The ECHO finding was
stationary. The use of everolimus was continued.
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istered on the ECHO. Pathohistological
examination of the transbronchial biopsy
showed numerous large-core histiocytes,
immunohistochemically positive for CD1a
and S100. It has been concluded that it is PLCH and ad-
ditional examination (ultrasound and CT of the abdomen,
endocrinological examination) ruled out systemic spread
of the disease. The therapy included advice on the cessa-
tion of smoking, which the patient did.

The six-month follow-up examinations showed a good
general condition of the patient and an orderly finding of
lung function. In the meantime, the patient gave birth to a
healthy boy, the pregnancy and perinatal period were un-
eventful. Chest HRCT three years after diagnosis (Figure
4) indicated slight regression of the bilateral cystic changes.
ECHO showed an improvement, RVSP was within the ref-
erence limits. Diffusion capacity was not done due to the
COVID-19 pandemic (the Institute of Pulmonary Diseases
of Vojvodina was in the COVID system).

The paper was approved by the Ethics Board of the
Institute for Pulmonary Diseases of Vojvodina and written
consent was obtained from the patients for the publication
of this case report and any accompanying images.

DISCUSSION

Pulmonary LAM is a disease involving the proliferation
of smooth muscle cells of the blood and lymph vessels
of the pulmonary interstitium, which leads to the forma-
tion of thin-walled cysts, pulmonary hemorrhage, and the
involvement of lymph nodes can lead to chylous pleural
effusions [4].

PLCH is a disease of former or current smokers, where
cigarette smoking triggers abnormal proliferation and
migration of dendritic cells, followed by the activation
of the immune system, which lead to the formation of
peribronchiolar nodules and later lung cysts [1]. These
two diseases are reclassified from interstitial diseases into
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Lymphangioleiomyomatosis and Langerhans cell histiocytosis — two case reports from our practice

Figure 3. Initial chest high-resolution computed tomography of the patient with pul-

monary Langerhans cell histiocytosis

sufficient to give a diagnosis, as was the case
with our patient. HRCT findings in LAM
describe multiple (more than 10), diffuse-
ly distributed, thin-walled (up to 2 mm),
round, clearly demarcated, air-filled cysts
with preserved or increased lung volume
without other interstitial damage except for
the possible presence of micronodular epi-
thelial hyperplasia in TSC [7].

The HRCT findings of PLCH patients
depend on the stage of the disease. In the

Figure 4. Chest high-resolution computed tomography of the patient with pulmonary
Langerhans cell histiocytosis after three years

tumors — LAM belongs to perivascular epitheloid cell tu-
mors (PEComa), classified as low-grade connective tissue
neoplasms, and PLCH is classified as a bone marrow-de-
rived dendritic cell tumor according to the World Health
Organization [4].

Both diseases can occur in isolated or systemic form.
LAM exists in a sporadic form (s-LAM) or within the
tuberous sclerosis complex (TSC/LAM). Likewise,
Langerhans histiocytosis may have its own isolated-pul-
monary form (PLCH), or multisystem form (MS-LCH) [1].

These diseases are extremely rare. The annual incidence
of PLCH is 2.2 per million, while the incidence of LAM is
1-7 per million inhabitants [3]. There are no official data
for either Serbia or the region [5, 6]. PLCH is equally repre-
sented by sexes, s-LAM occurs only in women, a small per-
centage of men with TSC (13%) will develop LAM [4, 7].
Age at diagnosis is similar for both diseases (32-35 years)
[4, 7]. Smoking is 90-100% present in PLCH, while LAM
occurs mainly in non-smokers [4, 7]. Our patients were
females in generative period (the PLCH patient was 23,
the LAM patient was 43 years old). The patient with PLCH
was a smoker; the patient with LAM was a non-smoker.

In clinical terms, both diseases may be asymptomatic
when detected as an incidental finding, or may be accom-
panied by nonspecific symptoms (cough and/or difficulties
in breathing), while acute shortness of breath is a conse-
quence of pneumothorax [3]. In our cases, the patient with
LAM was asymptomatic, previously diagnosed with TSC,
which urged further diagnosis. The patient with PLCH had
dry cough, chest pain and fatigue symptoms.

The radiograph in both diseases shows the changes pri-
marily in the upper and middle thirds of the lungs, in the
form of discrete cystic changes of the interstitium. HRCT
is essential in diagnosing and monitoring both diseases.
According to the criteria of the European Respiratory
Society for the diagnostic algorithm of LAM, the finding
of HRCT with the data on previously proven TSC may be
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early phase of the disease, it is dominated
by centrilobular nodules, 1-10 mm in di-
ameter. In the later stages of the disease,
thin-walled cysts of different sizes develop.
In most patients, a combination of nodu-
lar and cystic parenchymal lesions is reg-
istered. Both nodules and cysts follow the
apicobasal distribution, they are larger and
more numerous in the upper than in the
lower lung parts [8].

Spirometry tests can be normal in early
stages (both LAM and PLCH patients); however, as dis-
eases progress, airflow obstruction and decreased lung
diffusion capacity occur [1]. Our patient with LAM had
a normal spiroplethysmographic finding, while 6 MW'T
distance was reduced. The PLCH patient had slightly de-
creased diffusion capacity. With regard to pregnancy, a
study showed that it is safe in woman with PLCH and not
associated with deterioration of pulmonary function or
blood oxygenation [9]. The pregnancy and perinatal period
in our patient were uneventful.

PLCH cells (Langerhans cells) are 12-15 pm in diam-
eter, with eosinophilic cytoplasm. Immunohistochemical
staining of these cells showed the expression of CDla,
S100 protein and CD207 (langerin) [10, 11, 12]. The
characteristic finding consists of granulomas composed
of the Langerhans cells described above and infiltrates of
inflammatory cells (eosinophils, lymphocytes, neutro-
phils). Granulomas can occur in any organ (most com-
monly in the skin, bones, the pituitary gland, the liver,
and the lungs).

Current therapy for LAM are mTOR inhibitors - siroli-
mus and everolimus [13]. Sirolimus is indicated in patients
with FEV1 < 70%, chylous effusions, or a rapidly progres-
sive form of the disease [1]. The drug sirolimus is regis-
tered under the name Rapamune® (Pfizer Manufacturing
Deutschland GmbH, Freiburg im Breisgau, Germany), and
everomilus under the name Afinitor® (Novartis Pharma
Stein AG, Stein, Switzerland) in the Republic of Serbia. In
addition to mTOR inhibitors, supportive therapy in the
form of bronchodilators and oxygen is recommended, as
well as respiratory rehabilitation [3]. Regular immuniza-
tion against the seasonal flu is necessary, as well as the
application of pneumococcal vaccine. As far as lifestyle is
concerned, smoking and diving are prohibited [1]. Since
our patient was previously diagnosed with TSC, the deci-
sion on therapy (everolimus) was made in agreement with
a neurologist and immunologist.
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Smoking cessation plays a major role in the treatment
of PLCH, leading to stabilization and even regression of
the disease [14]. However, in one-third of patients, the
disease progresses even after smoking cessation. Numerous
chemotherapeutic protocols have been tested so far, but
with little success [14]. In our case, smoking cessation led
to slight radiological regression and ECHO improvement.

For both diseases, pleurodesis is advised after the first
episode of pneumothorax, and lung transplantation is in-
dicated in the progressive form of the disease.
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described in the literature compared to numerous other
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specialists is necessary to establish the diagnoses of either
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nMM(I)aHI'MOJ'IEjOMMOMaTOBa " naHrepxchosa XUCTUOLUUTO3a — ABa NPUKA3a

60necHMKa U3 Halue npaKce

AHa MuneHkoBuh', Mupocnas Mnuh'?, JosaH JaBopau'23, HeseHa Cauh', HeHncu Jlanuh'2

"MHcTuTyT 33 NnyhHe 6onecTn BojsoguHe, Cpemcka Kamenuua, Cpbuja;

2Ynneepautet y Hosom Cagy, Meguumtckm dpakyntet, Hosu Cag, Cpbuja;
*Bucoka LKona CTPyKOBHYIX CTyAMja 3a 06pa3oBarbe Bacnutaya v TpeHepa, Cybotnua, Cpbuja

CAXETAK

YBoga JlumdaHrmonejomviomatosa v nnyhHa JlaHrepxaHcoBa
XUCTNOLMTO3a Cy ABe Hajuyelwhe nnyhHe LyucTMUHe 6onecTu.
Mpempa ce pa3nukyjy y natoreHesu, UMajy HeKONMNKO 3ajef-
HUYKUX KapaKTEPUCTUKA.

Linmb papa je 6110 onmcat CIMYHOCTY 1 pa3niKe umely oBrx
6051ecTi, Kao 1 MprKasaTi ABa Cilyyaja U3 Halle npakKce.
Mpuka3u 6onecHuka bonecHuum ca numdaHruonejomvoma-
TO30M (43 1) nnyhHe NpomMeHe Cy OTKpUBEHE TOKOM PEAOBHMUX
KOHTPOJIa OCHOBHE 6onecTu — Tybepo3He cknepose. Mocne ye-
TVIPY FOAVIHE NleYeHa eBEPOJIMMYCOM OHa je U flalbe pecnimpa-
TOPHO aCMMMTOMATNYHa, Ca 651aroM paArosoLLKOM MPOrpecjom
LICTUYHMX MPOMEHA 1 MafoM KanaumTteta guysuje (3a 12%).
[pyra 6onecHnua (23 r.) xocnuTanu3oBaHa je 360r 060CTpaHmx
nnyRHUX NpoMeHa 1 cMMNTOMa Y BuAy CYBOT Kalusba, yop3a-
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HOF 3amMapatba 1 60510Ba Y rpyAHOM Koluy. MaToXMCTONOLKIM
npernefom TpaHCcbpoHxmjanHe buoncuje youeHu cy 6pojHm
XUCTUOLMTM, UMYHOXMCTOXEMMjCKM NO3UTMBHM Ha CD1a n S100,
Te je 3aKJbyUeHo fla ce paju 0 JIaHrepXaHCOBOj XUCTOLATO3M.
CaBeToBaH je npecTaHak nyLera. Ha KOHTPONHUM Nperneamma
6onecHuLa je 6rna acumnToMaTyHa, Hanasu niayhHe dyHK-
umje cy 6unuv ypepHu, KomnjyTepusoBaHa Tomorpaduja BUCOKe
pe3onyLyje rpygHor Kolla ykasusana je Ha bnary perpecujy
npomeHa. Y mehyBpemeHy 6onecHuLa je pofuna 3gpaBo fete,
TpyAHONa 1 NpeHaTanHo foba cy MpoTeKm ypegHo.
3akmbyuak OBe 60/1eCTyi Cy 13y3eTHO PETKe Uy capaju ca
APYrvM cnewumjanHocTima Tpeba nx pasnmkoBaTti of 6onectu
Koje nmmtupajy ninyhxe uucre.

KmbyuHe peun: numdaHrmonejommomatosa; niyhHa JlaHrepxa-
HOCOBA XMCTNOLMTO3a; LMCTNYHe nnyhHe 6onecTu
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Resection of Haglund’s deformity using the
arthroscopic method with the three-portal
technique
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SUMMARY

Introduction Haglund'’s deformity represents a reactive enlargement of the posterosuperior aspect of
the calcaneus and often causes pain that can significantly disturb everyday activities. If the patient’s
condition does not improve after six months of non-surgical treatment, surgical treatment could be taken
into consideration. Although Haglund’s deformity is successfully treated by endoscopic calcaneoplasty
with a two-portal technique, we decided to apply a slightly newer technique - arthroscopic surgery
with a three-portal technique.

Case outline A patient with clinically and radiographically confirmed Haglund’s deformity was operated
on using arthroscopic calcaneoplasty with a three-portal technique. The postoperative recovery was
uneventful and full weight-bearing was allowed after four weeks. A complete return to sports activities
was allowed after four months.

Conclusion Arthroscopic calcaneoplasty with the three-portal technique proved to be a safe and cost-
effective surgical method in the treatment of Haglund's deformity. There is still not enough data in the
literature regarding this type of surgical treatment, but the good postoperative functional results are
extremely encouraging since this surgical technique enables faster recovery and fewer postoperative

complications.

Keywords: endoscopic calcaneoplasty; hindfoot; Haglund disease; retrocalcaneal bursitis

INTRODUCTION

Haglund’s deformity (HD) represents a reactive
enlargement of the posterosuperior aspect of
the calcaneus, often followed by the inflamma-
tion of the retrocalcaneal bursa and insertional
tendinopathy of the Achilles tendon [1, 2].
For the precise diagnosis of HD, a clinical
examination and a lateral-view radiograph are
usually sufficient. HD is successfully treated
non-surgically, but if the patient’s condition
does not improve after six months of non-sur-
gical treatment, surgical treatment can be taken
into consideration [2, 3]. Operation can be per-
formed as open or arthroscopically assisted sur-
gery. Both methods usually include the removal
of retrocalcaneal bursa and the resection of the
ossification in the posterosuperior aspect of the
calcaneus [2, 3, 4]. An “open” surgery bears a
higher risk of postoperative complications,
which include difficulties in wound healing,
hyperkeloid scars, larger postoperative swell-
ing and hematoma, skin paresthesias near the
postoperative scar, neurovascular injuries,
avulsions of the Achilles tendon attachment,
greater possibility of the iatrogenic fracture of
a heel bone and the postoperative Achilles ten-
don shortening, which causes decreased foot
dorsiflexion [2, 4, 5, 6]. Thus, for the last three
decades, arthroscopically assisted surgery of the

ankle represents the surgical method of choice
in the treatment of this deformity [4].

CASE REPORT

The patient was a 27-year-old male, a recreation-
al basketball player with pain and swelling in the
posterior aspect of the right heel, with difficul-
ties in walking. The symptoms had been lasting
for three months affecting his normal life and
sports activities.

Examination showed typical symptoms for
HD, local swelling and redness of the poste-
rior aspect of the heel, palpatory painful bony
prominence in the mentioned area, with pain-
ful sensitivity on both sides of the Achilles ten-
don insertion. Tendon palpation did not cause
any pain. The lateral radiograph of the foot
revealed the enlargement of the posterosupe-
rior aspect of the calcaneus, with the positive
parallel pitch lines, which is the most important
radiographic sign [7]. Due to clear clinical and
radiographic presentation, MRI of the foot was
not performed.

The patient was advised against wearing
tight shoes and using 1 cm of padding placed
under the right leg heel was suggested to him,
as well as, practicing the Achilles tendon
stretching on daily basis, using anti-inflam-
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distal posteromedial portal; B) operation procedure

Figure 2. A) Pre-operative lateral radiograph; B) postoperative lateral radiograph

matory drugs and physical therapy. We did not decide to
administer local corticosteroid therapy due to the pos-
sibility of Achilles tendon rupture, which was published
in some earlier studies [6, 8, 9]. After the unsuccessful
eight-month-long non-surgical treatment, we decided to
perform the arthroscopic surgery with a three-portal tech-
nique, a slightly newer technic that has been in use for less
than a decade [4, 9].

The endoscopic procedure was performed with the pa-
tient in a prone position under spinal anesthesia. The foot
was positioned over the edge of the table, allowing a full
range of motions of the ankle joint. A tourniquet was ap-
plied at the thigh. Preoperatively, bony prominences were
marked, which served as landmarks for portals’ placement.

The first two portals, the distal posteromedial portal
(DPMP) and distal posterolateral portal (DPLP), were
standard portals for hindfoot endoscopy. They were po-
sitioned at the level of the tip of the lateral malleolus,
immediately adjacent to the Achilles tendon, and served
as working portals. The third portal was proximal pos-
terolateral portal (PPLP) and it served for the insertion of
an optical instrument, visualization of the retrocalcaneal
area and the ankle. The portal was positioned directly
outward the Achilles tendon, 5 cm cranially to its attach-
ment. Subcutaneous tissue was separated by a mosquito
clamp, in order to enter caudally into the retrocalcaneal
area by a blunt trocar. In this way, a passage was made for
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Figure 1. A) 1 - proximal posterolateral portal; 2 - distal posterolateral portal; 3 -
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an undisturbed, safe insertion of an endoscope
into the ankle (Figure 1).

By inserting the endoscope through the
PPLP, synovitis and retrocalcaneal bursitis
were diagnosed. Excision of inflamed retro-
calcaneal bursa and synovitis was performed
using a shaver 4.5 mm in diameter (Arthrex
GmbH, Munich, Germany) through the DPMP,
which also enabled better ankle visualization. A
contact between a bone spur at the posterosu-
perior aspect of the calcaneus with the Achilles
tendon was discovered during the foot dorsi-
flexion. Using distal portals, the bone spur was
removed by an abrader. The extent of bony re-
section was judged dynamically by performing
a full range of passive motions of the ankle dur-
ing the resection itself until there was no longer
contact between the calcaneus and the Achilles
tendon. Special attention was paid to avoiding
iatrogenic Achilles tendon injury. Loose intra-
articular bodies and tissue debris were removed.
With the foot in full plantar flexion, a space was
obtained for the insertion of the optical instru-
ment immediately behind the Achilles tendon
attachment, which made it possible to evaluate
the local condition. Neither pathological sub-
strate nor the signs of insertional tendinopathy
were found.

After the tourniquet had been released and
the ankle had been irrigated with saline solu-
tion, a hemostasis check was performed. The
portals were closed with single sutures. Elastic bandage was
applied on the operated leg for the first three postoperative
days in accordance with recommendations of van Dijk et
al. [4]. Standard perioperative thromboprophylaxis, anti-
biotic, and pain management therapy were administered.

On the first postoperative day, passive movements of
plantar and dorsiflexion up to the pain threshold were
started and the patient was discharged with advice for
crutch-assisted walking and non-weight bearing on the
operated leg. Leg elevation after activities was advised for
the period of the first seven days, and avoiding conven-
tional footwear for next eight weeks.

The first check-up was scheduled two weeks after the
surgery. The patient was allowed partial, increment weight
bearing on the operated leg in the following period, and
functional physical therapy was suggested. Four weeks
after the surgery, full weight bearing on the operated leg
was allowed. After three months, the patient was allowed
to gradually return to physical activities, and full return to
sports was allowed after four months (Figure 2). The final
check-up was carried out six months after the surgery. The
patient did not report any previously presented symptoms
even after performing sports activities.

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

Since it was first described in detail in 1928, HD has rep-
resented a therapeutic challenge even for experienced sur-
geons. It is usually treated non-surgically, but when there
is no improvement after six months, surgical treatment
is considered. One of the main problems of the surgical
treatment of HD is the amount of resection of the bony
prominence. Excessive bone resection is the cause of great-
er post-operative problems in comparison to insufficient
resection [10]. This excessive resection can cause disin-
sertion of the Achilles tendon and the calcaneus fracture
[11]. Nesse and Finsen [10] stated that excessive resec-
tion can cause pain in the posterior aspect of the heel and
ankle stiffness. Nonetheless, there are no clearly defined
guidelines about the amount of bone resection during an
endoscopic calcaneoplasty [1].

Open surgery usually includes either the resection of
the posterosuperior aspect of the calcaneus or the wedge
osteotomy of the calcaneus [10, 11]. Open surgery is a
well-accepted method with good to excellent results [6,
12, 13, 14]. In cases with an accumulation of calcium
salts inside the Achilles tendon or in the extremely pain-
ful insertional tendinopathies, “open” surgery has its ad-
vantages compared to the arthroscopic one [2, 15]. The
most frequently used surgical approaches are the lateral
and Achilles tendon-splitting approach. There are reports
that open calcaneoplasty demonstrated a greater risk of the
Achilles tendon attachment weakening, especially with
osteoporotic bone, which can cause its avulsion during
intensive rehabilitation [16]. Open surgery bears greater
risks of post-operative complications, and the risks signifi-
cantly decreased by the introduction of arthroscopically
assisted surgery of an ankle [11, 17].

Arthroscopically assisted surgical treatment of the HD
is followed by minor postoperative complications, smaller
incision and scar, minor blood loss, smaller post-operative
swelling and hematoma, sparing soft tissues, thus faster
and easier recovery [3]. Since van Dijk performed the first
arthroscopic resection of the posterosuperior aspect of the
calcaneus in 1991, calling it endoscopic calcaneoplasty, this
surgical procedure has been more and more accepted as a
therapeutic procedure [11]. Arthroscopic surgery enables
precise local decompression; thus, excessive bone resection
is avoided, in addition to lesser risk of Achilles tendon
avulsion [1]. Ortmann and McBryde [17] reported a case
of Achilles tendon rupture three weeks after arthroscopic
calcaneoplasty. Amount of the bone resection is shown to
be lesser in arthroscopic calcaneoplasty [1, 6].

Initially, endoscopic procedures had been performed
only through two portals, in a prone or supine posi-
tion, which has been well documented [4, 11, 16, 17].
Arthroscopic calcaneoplasty through two portals have
certain limitations. The small distance between DPMP
and DPLP, with the need for frequent portal switching for
adequate visualization and bony resection, causes technical
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difficulties, increases the risk of both iatrogenic injury and
instrument damage, and prolongs the time of surgery [9].

Arthroscopic calcaneoplasty with the three-portal
technique has been used for the past decade due to the
better visibility of retrocalcaneal bursa and bony promi-
nence, the enlarged area for arthroscopic manipulation,
and minimization of the risk of iatrogenic lesions [9]. The
first two portals are standard posteromedial and postero-
lateral portals [18]. Our third portal was PPLP and it was
used for visualization, positioned immediately lateral to
the Achilles tendon, 5 cm cranially from its attachment,
according to the surgical technique described by Wu et al
[9]. The proximal posteromedial portal was not used due
to the possibility of injury to the posterior tibial neurovas-
cular structures [5]. Different radiographic measurements
are used in the preoperative estimation of the amount of
bony resection in HD [6]. The ideal preoperative planning
does not exist, since every radiographic measurement has
its disadvantages [1]. In our case, in addition to the preop-
erative positive parallel pitch line, the amount of a bony re-
section was determined intraoperatively by dynamic tests.
Under the direct control of an arthroscope, we resected the
bony prominence, until there was no longer contact with
the Achilles tendon through a full range of ankle motion.
The same method was used by other authors, and despite
the positive postoperative parallel pitch lines in three oper-
ated heels, they had good results and satisfied patients [9].

According to published studies, in the early postopera-
tive period, we advised the leg elevation for seven days,
immediate postoperative passive and active motions up to
the pain threshold, and avoidance of conventional footwear
for the first eight weeks [9]. Due to the inexperience and
the fact that we were getting familiar with the procedure,
we kept our patient non-weight bearing on the operated
leg for the first two weeks after the surgery. The avoidance
of sports activities in the first three months was in accor-
dance with the recommendations of the aforementioned
studies [7, 9].

There were no iatrogenic injuries, intraoperative, or
postoperative complications. We are aware that the post-
operative period of monitoring is relatively short, but the
good functional result and satisfied patient encourages us
to continue with this surgical procedure and try to further
refine and improve the surgical technique and the postop-
erative management.

The analysis of a larger number of patients and a longer
period of monitoring would provide us with more relevant
data, which would indicate if the arthroscopic calcaneo-
plasty with the three-portal technique is an adequate and
cost-effective surgical method in the treatment of HD.
Nevertheless, this paper gives insights into the possibilities
of arthroscopic surgery of HD, especially with the three-
portal technique.

Conflict of interest: None declared.
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Pecekuuja XarnyHgoBor gedpopmuteta nomohy apTpOCKONCKe TEXHUKE Ca TPU NopTana
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CAMETAK

YBop XarnyHAoB fiedopmnTeT NpefcTaB/ba peakTBHO yBehatbe
NnocTepoCynepropHOr acrnekTa KaskaHeyca 1 YecTo y3poKyje
6011 KOjU MOXe 3Ha4ajHO PEMETUTU CBAaKOAHEBHE aKTUBHOCTMU.
AKo ce cTatbe 6onecHKa He Mo6osbLua Mocse LWecToMeceyHor
HeornepaTWBHOr fleyerba, Y pasMaTpatbe ce y3uma XUpypLIKO
neuetbe. Mako ce XarnyHaoB febOPMUTET YCMELIHO JIeUMN eH-
[OCKOMCKOM KasIkaHeonNacT!koM NPYMeHOM TEXHIKe Kpo3 fiBa
nopTana, oaJlyunan CMO fia MPYMEHVMO HELLTO HOBUjY TEXHUKY
— aPTPOCKOMCKY XMPYPrutjy MPMMEHOM TEXHIKe ca TPy nopTana.
Mpukas 6onecHnka bonecHrK ca KNMHUYKN 1 paguorpadcK
notepheHnm XarnyHLoBum geGopmUTETOM ONEpUCaH je ap-
TPOCKOMNCKOM KaJIkaHeoN1acTMKOM MPYIMEHOM TEXHUKE ca TpU
noprtana. [locTonepaTtvBHY onopasak NpoTeKao je 6e3 Kommniu-
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KaLuja 1 Xof ca MyHVUM OC/IOHLIEM je J03BOJbEeH NOC/e YeTnpu
Heperbe. MoTnyHy noBpaTak CNOPTCKMM akTUBHOCTMMA 610 je
A03BOJbEH MOC/IEe YETHPY MeceLia.

3aKsby4aK ApTpOCKOMNCKa KaslkaHeomnnacTrika MpryMeHOM Tex-
HWKe ca TPV nopTana nokasana ce Kao CUrypHa 1 ncnnatrea
XMpYpLIKa MeToAa y nevetby XarnyHaosor aepopmuteta. Y
NTepaTypm joll yBeK HemMa [OBOJbHO nofaTaka O OBOj BPCTU
XVIPYPLLKOT JleYetba, ani cy Jobpy noctonepaTvBHN GyHKLO-
HaHW pe3ynTaTn U3y3eTHO oxpabpyjyhn jep oBa xmpypLiKa
TexXHWKa omoryhaBa 6p» onopaBak 1 Make NoCTonepaTUBHYX
KoMmnanKauuja.

KrbyuHe peun: eHAOCKOMNCKa KalkaHeoMnacTMKa; CTonasno;
XarnyHgoBa 60necT; peTpoKankaHeanHm 6yp3nTtic
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SUMMARY

Introduction Occipitocervical (OC) fusion is a method for fixation of the OC junction when there is
instability of that segment. Arnold Chiari malformation is a congenital disorder where cerebellar tonsils
descend through the foramen magnum, which can lead to corticomedullar compression and formation
of a syrinx. While treating this condition, for the purpose of decompression, the foramen magnum is
expanded, which can potentially harm the stability of the OC junction.

Case outline We are presenting the case of a 16-year-old female who was surgically treated (suboccipital
craniectomy and decompression) because of Arnold Chiari malformation type I. One-year post-op mul-
tislice computed tomography verified a slight enlargement of basion-axial and basion-dens intervals, with
signs of spinal cord compression. Surgery was performed — OC fusion, canal decompression on C1 and
C2 levels with a plate on occipital bone and screws placed in the third, fourth, and fifth cervical vertebra.
Conclusion OC fusion is a complex surgical procedure (vital neurovascular structures), but it is a reliable
method for treatment of instability of the OC junction.

Keywords: occipitocervical instability; fusion; Arnold Chiari

INTRODUCTION

Occipitocervical (OC) fusion is a surgical
method for fixation of the OC junction when
there is instability of the OC segment caused
by a variety of conditions (trauma, rheumatoid
arthritis, congenital anomalies, neoplasm, iat-
rogenic instability due to decompression) [1].

Arnold Chiari malformation is a congeni-
tal disorder where cerebellar tonsils descend
through the foramen magnum, which can lead
to corticomedullar compression and creation of
syrinx. It can also be associated with numerous
anomalies (syringomyelia, spina bifida, hydro-
myelia, kyphosis, scoliosis and tethered cord
syndrome), as well as hereditary syndromes [2].

To this date the treatment protocol is debat-
able, with some authors preferring conservative
treatment to surgery [3], but available literature
is in favor of surgical treatment [4, 5, 6].

While treating this condition, for the pur-
pose of decompression, the foramen magnum
is expanded which can potentially harm the
stability of the OC junction [7].

CASE REPORT

We are presenting the case of a 16-year-old fe-
male who was surgically treated (suboccipital
craniectomy and decompression) because of
Arnold Chiari malformation type I. She was ini-
tially hospitalized because of repetitive episodes
of weakness in both arms and legs, that lasted

for a few minutes and disappeared spontane-
ously. They first appeared six months prior to
hospital admission. After careful examination
she was diagnosed with Chiari malformation
type I that was magnetic resonance (MRI) veri-
fied - a prolapse (herniation) of the cerebel-
lar tonsils through the foramen magnum by
20 mm, with compression of the spinal cord.
The ventricular system was in an orderly posi-
tion and shape, without signs of hydrocephalus.
In addition to this obvious malformation, the
existence of syringomyelia (starting from C5
and caudally) and malformation of the base of
the skull in terms of platybasia and an abnormal
angle between the medulla oblongata and mes-
encephalon were observed (Figure 1).

Figure 1. The first magnetic resonance imaging show-
ing herniation of cerebellar tonsils through the foramen
magnum (20 mm) with spinal cord compression
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Figure 2. The first follow up magnetic reso-
nance imaging, before the first surgery

Follow up nuclear MRI was performed (Figure 2) fol-
lowing the first hospitalization and the findings were
unchanged and the neurosurgical procedure (suboc-
cipital craniectomy and decompression) was performed.
Approximately one-year post-op the patient presents with
following symptoms: headache, left arm paresthesia even-
tually followed by left side hemiparesis. New multislice
computed tomography and MRI scans were obtained and
showed progression of syringomyelia expanding cranially
to syringobulbia, decompression in posterior cranial fossa
was still intact. Two months later the symptoms persisted
and new MRI scans were obtained - in comparison with
former scans progression of hydrosyringomyelia was ob-
served, as well as expanded central medullar canal with
oedema. Conservative treatment was tried with antiedema
therapy, but there was no clinical improvement. The pa-
tient was hospitalized again and another MRI evaluation
was performed, and neurosurgeon and orthopedic spinal
surgeon indicated OC stabilization.

Surgery was performed - OC fusion, canal decompres-
sion on C1 and C2 levels with a plate on occipital bone
and screws placed in the third, fourth and fifth cervical
vertebra. Neuromonitoring was used throughout the whole
surgery (Figure 3 and 4).

Postoperatively the patient has no significant symptoms,
with notable reduction of pain and paresthesia of the left
arm. Movements of cervical spine are limited, in accor-
dance with the stated surgery. The patient is feeling well
and she is back to her daily activities.

The study was done in accordance with the institutional
Committee on Ethics.

DISCUSSION

OC fusion is a surgery indicated for treatment of cranio-
cervical junction instability caused by a variety of different
pathologies (congenital, traumatic, degenerative, inflam-
matory, infective, or neoplastic) [1, 8].

‘ DOI: https://doi.org/10.2298/SARH220203041Z

Figure 3. Intraoperative finding - occipital
plate and screws

Zagorac S. et al.

Figure 4. Postoperative X-ray

This surgery represents a huge challenge for the opera-
tor and his team, considering that C0-C1-C2 is the most
mobile portion of the spine, and it is the portion of the
spine that must resist force in eight axes of rotation [9].

Each patient that presents with craniocervical junc-
tion instability, whatever the cause, must be carefully and
minutely assessed, appropriate diagnostic methods used.
Only then — while taking into account clinical presentation
(functional stability, neurological status, accompanying
symptoms), as well as MRI/CT findings — after preopera-
tive planning the decision about the right treatment should
be made [10].

The advances made in the field of neuroradiology have
made it possible to understand biomechanics and structure
of this region, especially considering substantial number
of anatomical variations of vascular and neural structures
[11]. Today, these radiologic findings are crucial in preop-
erative planning, and intraoperative visualization.

In 1900s, OC instability was considered inoperable and
a terminal condition, and in the last 90 years there was a
large number of surgical techniques developed to perform
OC fusion [12].

Despite of the chosen method, the main goal is the same
- restore and maintain alignment, decompress neural ele-
ments and provide good conditions for the bone fusion
to occur.

The spine surgeon performing OC fusion must be well
aware of spinal biomechanics and anatomy, and he must
be familiar with the procedures to achieve decompression,
alignment immobilization and fusion. Also, the surgeon
should be aware of the perioperative risks and complica-
tions rates that are significant, and the readmission rates
following OC fusion - that although lower in elective OC
fusion surgeries are not negligible [13, 14].

Taking into account the aforementioned, it is clear that
indicating this surgery is a big decision and the surgeon
must consider all of the methods available as well as evalu-
ate each patient individually before deciding this is the
best solution.

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):351-353
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While official surgical guidelines are yet to be estab-
lished advancements are being made and teams consist-
ing of experts in diagnosing and treating this condition
were put together to discuss this matter [15]. Most authors
agree that a decision should be made based on the clinical
condition of the patient [5-8]. In their research, Asghar
Ali Turabi et al. [16] concluded that OC fusion along with
decompression surgery, had better outcome than decom-
pression surgery alone. In order to be able to make the
best patient-oriented decision, larger studies focusing on
treatment outcomes are necessary as the available studies
have shown that outcomes vary relative to a number of
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factors like chosen surgical procedure, symptoms duration
and syringomyelia [17].

In our experience, OC fusion is a complex surgical

procedure (involving vital neurovascular structures), de-
manding a multidisciplinary approach (spinal surgeon,
neurosurgeon, anesthesiologist) but it is a reliable method
for treatment of instability of the OC junction. Every case
should be carefully considered, and if decided that OC
fusion is the appropriate method of treatment, it requires
detailed planning.
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CAXETAK

YBog OxunnutouepsukanHa (OL) dy3uja je meToga dukca-
upnje OLl npenasa Kafia NOCTOjM HECTaBUNHOCT TOF CEFrMEHTa.
ApHonp-KjapujeBa manpopmaLja je KOHreHUTanHu nope-
mehaj rge fonasu Ao Murpaumje LepebenapHux ToH3ma Kpo3
dopameH MarHym, LITO MOXKe JOBECTY A0 LiepBUKOMeAYNapHe
Kommnpecuje 1 cTBaparba CpUHKca. Mpunrnkom neyera oBor
nopemehaja, 36o0r fekomnpecuje ce WwWupn GopameH MarHym,
LITO MOXe [ioBecTu fo HecTabunHocty OL| npenasa.

Mpuka3s 6onecHuka MprKasyjemo cryyaj 6onecHuLe ctapo-
¢t 16 rognHa ca ApHong-KjapvjeBom mandopmaiimjom Tmuna
| Koja je xMpypLUKK NieyeHa (CyboKumMnuTanHa KpaHMeKToMuja u
nekomnpecuja). loanHy fAaHa nocne onepauuje Ha MynTUCaj-

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):351-353

CHOj KOMjyTepr30BaHOj Tomorpaduju je BepudrikosaHo 6naro
yBehatbe nHTepBana 6a3uoH-aKcuc 1 6a3UoH-0eHc, ca 3HaLvMa
KoMMpecuje KNUMeHe MOXANHE. YUNHEH je XPYPLLKK 3aXBaT
- OL ¢y3mja, fekomnpecuja CnMHanHor KaHana Ha Heomma C1
1 C2, nnoya je NO3MLMOHNPaHa Ha OKLMMUTANHY KOCT, fOK CY
wpadoBy NnacupaHmn y npbeHose €3, C4 n C5.

3akmyuak OL| ¢pysuja je cnoxkeHa xmpypLuKa npoLeaypa (aHa-
TOMCKa Mo3uLMja BUTaNHMX HeYPOBaCKynapHUX CTPYKTYpa),
anv npepAcTaB/ba Noy3naHy MeToAay nevyera HecTabunHocTr
OL npenasa.

KrbyuHe peun: okymnutoLepsrkanHa HectabunHocT; dy3uja;
ApHong-Kjapu
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SUMMARY

Introduction Ocrelizumab is a recombinant humanized monoclonal antibody that selectively depletes
CD20-expressing B cells, which is approved for the treatment of the relapsing and primary progressive
multiple sclerosis (MS). It is extremely rarely associated with late-onset neutropenia (LON), as an adverse
event.

Case outline We describe a case, from the Treatment Registry of the Clinic of Neurology, University Clini-
cal Center of Serbia, Belgrade, of a transient, asymptomatic LON detected in a naive relapsing-remitting
MS patient, six-months after treatment with ocrelizumab.

Conclusion Having in mind all the presently available data, which indicate that rarely occurring LON
on ocrelizumab is asymptomatic and transient in the majority of cases, we assume that it may be sug-
gested that only in patients with complaints suggesting the presence of possible infection, additional
complete blood count monitoring should be mandatory, exclusively at that moment, apart from the
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precisely defined regular follow-up.

Keywords: late-onset neutropenia; ocrelizumab; multiple sclerosis

INTRODUCTION

Ocrelizumab is a recombinant humanized mono-
clonal antibody that selectively depletes CD20-
expressing B cells [1]. The precise mechanisms
of action of ocrelizumab are not fully elucidated,
but it has been demonstrated that this molecule
has no influence on plasma cells or neutrophils
[2]. In March 2017, it has been approved by the
United States Food and Drug Administration,
and in January 2018 by the European Medicines
Agency, for the treatment of both relapsing (R)
and primary progressive (PP) multiple sclerosis
(MS). Until May 2021, more than 200,000 people
have been treated globally with ocrelizumab [1].
The most commonly reported adverse effects
in clinical trials were infusion-related reactions,
infections, and in a small proportion of subjects,
malignancies [1].

Late-onset neutropenia (LON), is defined as
an absolute neutrophils count (ANC) < 1.5 x
10°/L that develops in more than four weeks af-
ter the last drug administration, preceded by a
normal neutrophils count, without other iden-
tifiable causes [2, 3, 4]. In the postmarketing
surveillance period, ocrelizumab-induced late-
onset neutropenia (LON) was rarely reported
[2-6]. LON was transient in all of those pa-
tients, and they all continued with ocrelizumab
treatment after neutropenia resolved.

We describe a case of a transient, asymp-
tomatic LON which developed in a naive

relapsing-remitting (RR) MS patient after
treatment with ocrelizumab.

CASE REPORT

A 25-year-old female patient was diagnosed
with RRMS, after second, severe, motor relapse
in December 2019. The diagnosis was based
on brain MRI that revealed a large number of
T2-weighted supra- and infratentorial lesions,
with one gadolinium-enhancing lesion, and oli-
goclonal bands present exclusively in the cere-
brospinal fluid. The patient had autoimmune
thyroiditis, without other illnesses or use of
other drugs. Several years prior to establishing
MS diagnosis, she suffered from Epstein-Barr
virus infection. At that time, because of the ab-
normal complete blood count, sternal puncture
was performed, which did not indicate any ab-
normalities in the bone marrow aspirate. On
August 6, 2020, she started the treatment with
the first two doses of intravenous infusions
of ocrelizumab (600 mg in total). Preinfusion
blood counts were normal and the patient did
not have any signs or symptoms of infection.
Six months later, on February 3, 2021, isolated
neutropenia (ANC = 1.3 x 10°/L) was observed
in the laboratory results, without other changes
in the blood count (hemoglobin 128 g/I, MCV
9.6 fL, white blood cells 3.6 x 10%/1, platelets
191 x 10°/1). Routine biochemical analysis, test
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Table 1. Previously reported cases of ocrelizumab associated with late-onset neutropenia

Age MS Previous Date of the | Date of Date, laboratory Clinical Treatment Date of
Reference | (years) phenotype | MS therapy 1/ll dose of | the Ill dose 'results presentation related to recover
sex OCR of OCR at time of LON | neutropenia Y
. April 6,
35 GA, January, AV?IrI;IC&:Z?E”SS mucositis cefepime 2018
[2] F RRMS INF-B-1a, / 2018 ! ALC = 0'3 lethargy, fe\;er acyclovir MP WBC=19
DMF ANC :6 ! filgrastim ALC=14.8
ANC=1.1
August 3,
. o M1 | e | e | Wi
ctober, ) stomatitis, ceftriaxone =4,
3] F RRMS / 2018 April, 2019 ALC=0.3 headache, acyclovir ALC=1.8
ANC=0
AMC = 0.8 fever, lethargy ANC=13
AMC=123
DME, July 19,
21 RTX March July 8-12,2019 Lidaprim ALC291>91 5
(4] F RRMS (April 2016, 2019 ANC=0.3>0.1 / acyclovir MP | September,
January
2017) 2019
ALC=5.6
fever, broad-
34 42 days post abdominal spectrum of
[5] M PPMS / N/A N/A initial infusion | tenderness - intravenous in 5 days
of ocrelizumab | neutropenic antibiotics
enterocolitis G-CSF
fever, chills,
January 29, p.alnful broad- January 31,
swelling of the
3.5 years 2020 left great toe spectrum of 2020
[6] 38 PPMS / i)efore N/A WBC =37 generalized' intravenous WBC=8
M LON ALC=0.8 weakness antibiotics, ALC=1
ANC=0 icul ! acyclovir, ANC=27
AMC=28 | | it @l G-CSF AMC =39
esions in the
mouth
February 3, February
Current 2021 24,2021
case 25 RRMS / August, February WBC=3.6 / / WBC=5.6
202 1’ F 2020 26,2021 ALC=14 ALC=23
ANC=14 ANC=2.7
AMC=0.2 AMC=0.6

MS — multiple sclerosis; RRMS - relapsing-remitting multiple sclerosis; PPMS - primary progressive multiple sclerosis; ALC — absolute lymphocyte count;
AMC - absolute monocyte count; ANC - absolute neutrophil count; all values are x 10°/pL (10%/L); DMF - dimethyl fumarate; F — female; GA - glatiramer acetate;
G-CSF - granulocyte colony-stimulating factor; INF-B-1a - interferon beta 1a; LON - late-onset neutropenia; MP — methylprednisolone; OCR - ocrelizumab;

RTX - rituximab; WBC - white blood cells

panel for autoimmune diseases including autoimmune
thyroiditis, did not reveal any pathological findings. Due
to the above-mentioned data from medical history, on
February 10th, 2021, sternal puncture was repeated and
analysis of the bone marrow aspirate indicated normal
bone marrow, characterized by normal cellularity and ap-
pearance of granulocytic lineage, as well as the absence of
dysplastic features or interrupted differentiation. Based
on the finding of the bone marrow aspirate, and absence
of other proven causes of neutropenia — such as relevant
data in the patient’s medical history, absence of any other
complaints or physical findings, lack of other laboratory
deviations - or concomitant medication possibly caus-
ing abnormalities in the blood count, diagnosis of LON
was established. In accordance with the registered level
of LON as ANC = 1.3 x 10°/L, close monitoring of blood
count twice weekly was indicated without application of
granulocyte colony-stimulating factor. After three weeks
of follow-up, the patient was asymptomatic with complete
recovery of LON (ANC = 2.7 x 10°/L) and ocrelizumab
administration was continued as previously scheduled on
February 26, 2021.
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The study was done in accordance with the institutional
Committee on Ethics.

DISCUSSION

Ocrelizumab is a recombinant anti-CD20 monoclonal anti-
body that has proven its efficacy and safety in pivotal con-
trolled clinical trials (OPERA I, OPERA II, ORATORIO)
for RMS and PPMS [1]. In the OPERA I and II, neu-
tropenia in the RMS patients treated with ocrelizumab
(14.7%) occurred significantly less frequently compared
to interferon beta-1a patients (40.9%) [1]. Comparison of
PPMS ocrelizumab patients (13%) with patients on placebo
(10%), related to the development of neutropenia, did not
demonstrate major differences [1]. In all of those patients,
neutropenia was transient, and thus the ocrelizumab ad-
ministration was continued.

We present the first case of LON associated with ocreli-
zumab at the Clinic of Neurology of the University Clinical
Center of Serbia, in Belgrade. The diagnosis, follow-up, and
treatment of LON were conducted in accordance with the
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current recommendations for the diagnostics and treat-
ment of neutropenia. As of March 30, 2021, 139 patients
with RMS and PPMS have been included in the Treatment
Registry for highly effective disease-modifying therapies
for MS, established at the Clinic of Neurology. Until now,
in the postmarketing surveillance, there are five reported
cases of LON associated with ocrelizumab (Table 1). Female
sex and RRMS were the most common demographic and
clinical characteristics in these patients. In line with our
case, three reported patients, one with RRMS and two with
PPMS, were treatment-naive [3, 5, 6]. In the two remaining
cases, disease-modifying therapy had been already adminis-
tered prior to ocrelizumab. Therefore, this interaction may
have contributed to the development of LON [2, 4]. At least
three to six months from the last dose of ocrelizumab was
necessary for LON to be developed. Bone marrow biopsy
performed in our patient, and one recently reported case,
did not suggest any primary bone marrow dysfunction [6].
Cohen [2], Zanetta et al. [3], and Rauniyar et al. [6] have
described symptoms of possible infection due to LON in
their MS patients, which completely resolved after treat-
ment with antibiotics, acyclovir [2, 3], and human granulo-
cyte colony-stimulating factor [6]. Additionally, a reported
case of a 34-year-old male who developed neutropenic en-
terocolitis, treated with administration of broad-spectrum
intravenous antibiotics, had a complete recovery [5]. It has

REFERENCES

1. OCREVUS® (ocrelizumab) | Multiple Sclerosis (MS) Treatment
[Internet]. Relapsing MS and Primary Progressive MS Treatment |
OCREVUS® (ocrelizumab). Genentech USA, Inc. Available at: https://
www.ocrevus.com/patient/ocrevus-101/about-ocrevus.html

2. Cohen BA. Late-onset neutropenia following ocrelizumab therapy
for multiple sclerosis. Neurology. 2019;92(9):435-6.

3. Zanetta C, Robotti M, Nozzolillo A, Sangalli F, Liberatore G, Nobile-
Orazio E, et al. Late onset absolute neutropenia associated with
ocrelizumab treatment in multiple sclerosis: A case report and
review of the literature. J Neurol Sci. 2020;409:116603.

4. Auer M, Bsteh G, Hegen H, Wurth S, Zinganell A, Berger T, et al.
Late-onset neutropenia in a multiple sclerosis patient after first

Jovicevi¢ V. et al.

been described that with rituximab, B cell-depleting drug
with very similar mechanism of action, rates of infections
due to LON ranged 0-20% [7].

Our patient had no complaints, and thus the antibiotics
were not applied. In the clinical trials with ocrelizumab, in
13% of patients’ neutropenia was transient, without associ-
ated infection [1]. Reported untreated cases resolved spon-
taneously within 6-20 days [2]. Only three patients with
LON due to ocrelizumab, published to date, received human
granulocyte colony-stimulating factor [2, 5, 6]. Ocrelizumab
administration was continued in all cases, except in the pa-
tient with neutropenic enterocolitis, where ocrelizumab was
not scheduled at the moment of publication [5].

LON associated with ocrelizumab has unpredictable
time of appearance, transient course and low prevalence.
Therefore, the treatment with ocrelizumab does not ne-
cessitate the development of the new guidelines for regu-
lar complete blood count monitoring during therapy.
Currently available data suggest that LON may be as-
ymptomatic and, extremely rarely, associated with severe
clinical manifestations. Having all the aforementioned in
mind, we suggest that blood count monitoring should be
mandatory immediately only in patients on ocrelizumab
with complaints suggesting possible infection.
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HeyTponeHuja KacHOr NoyYeTKa yapy:KeHa ca NPMMeHOM OKpenusymaba Kopg,
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CAXETAK

YBop Okpenvlymab je peKoMOMHAHTHO XyMaHK30BaHO MO-
HOKJIOHCKO aHTWTeJO Koje AOBOAU [10 CEeNeKTUBHE Aenneuuje
numdouuta CD-20 B, 1 Koje je opobpeHo 3a Nieyetbe penarncHe
1 NPUMapHO NporpecvBHe MyaTumne ckiepose. KacHa HeyTpo-
MEeHwja je N3y3eTHO PETKO YAPYXKEHa Ca OKpennu3ymabom, Kao
HexerbeHu forahaj.

Mpuka3s 6onecHuka MNprikasaHa je 6bonecHuua 3 Tepanunjckor
peructpa KnuHuke 3a Heyponorujy YHUBEP3UTETCKOT KITMHNY-
Kor LeHTpa Cpbuije, y Beorpaay, ca TpaH3MTOPHOM, acCMMTOMaT-
CKOM HeyTPOMeHWjoM KaCHOT MOYETKa, KOja je IeTeKToBaHa Kop

DOI: https://doi.org/10.2298/SARH211216042)

NPeTXOAHO HeneyeHe GonecHyLe ca penancHo PeMUTEHTHOM
MyNTUMNAE CKNEePO30M, LeCT MeceLy Noc/ie MpUMeHe oKpe-
nusymaba.

3aksbyyak Ha ocHoBY fjocapalutbyix BOCTYMHMX NojaTaka Koju
yKa3yjy Ha TO Aa je HeyTporneHuja KaCHOT MoYeTKa MHAYKOBaHa
oKpenv3ymabom, y BehvHY CilyyajeBa acCUMMTOMATCKa 1 TpaH3u-
TOPHa, MOTJI0 6V Ce 3aK/byunTU Aa je foAaTHO npaherbe KpBHe
CNVIKe, BaH CTaHAAPAM30BaHOT MPOTOKONA, HEOMXOAHO CaMo 'y
CNyyajy CyMhbe Ha NocTojame HpeKuyje.

KrbyuHe peun: HeyTponeHmja KacHOT NoYeTKa; oKpenusymao;
MyNTWMA CKIepo3a
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Two cases of uneventful pregnancies following the
treatment of choriocarcinoma
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SUMMARY

Introduction Gestational trophoblastic disease represents a distinguished group of disorders that are
derived from placental trophoblastic tissue aroused from abnormal fertilization. Choriocarcinoma is a
malignant human chorionic gonadotropin-producing epithelial tumor arising from villous trophoblast.
The choice of the chemotherapy regime is based on the International Federation of Gynecology and
Obstetrics stage and World Health Organization score of the disease.

The objective of this article is to show that successful pregnancy is possible even after treatment of high-
risk gestational trophoblastic neoplasia.

Outlines of cases We present two successfully treated patients who achieved pregnancy and delivered
healthy babies in term.

Conclusion Gestational trophoblastic neoplasia has become the most curable malignant disease since
the introduction of chemotherapy, which is effective and well-tolerated, and allows fertility preservation

in high-proportion of women.

Keywords: gestational trophoblastic neoplasia; choriocarcinoma; pregnancy; fertility

INTRODUCTION

Gestational trophoblastic disease (GTD) rep-
resents a distinguished group of disorders that
are derived from placental trophoblastic tis-
sue aroused from abnormal fertilization [1].
The malignant forms of GTD are known as
gestational trophoblastic neoplasia (GTN) [2].
Choriocarcinoma is a malignant hCG-pro-
ducing epithelial tumor arising from villous
trophoblast. It is characterized by myometrial
invasion, and histologically by specific tropho-
blastic hyperplasia and anaplasia, absence of
formed chorionic villi, and hemorrhage with
central necrosis [1]. Human chorionic gonado-
tropin (hCG), a glycoprotein hormone, is an
excellent biomarker of disease progression, re-
sponse to therapy, and post-treatment follow-
up instrument [3].

Before the era of chemotherapy these tumors
were highly lethal, usually due to the inability
to control hemorrhage within the tumor or
metastatic site. Indeed, choriocarcinoma is con-
sidered one of the most chemosensitive solid
tumors, with the cure rates reaching 95%. The
choice of the chemotherapy regime is based on
the International Federation of Gynecology and
Obstetrics (FIGO) stage (Table 1) and World
Health Organization score of the disease [4].
The scoring system prognostic factors are the
patient’s age, antecedent pregnancy, hCG lev-
els, tumor mass size, metastases, and previously
failed chemotherapy [5] (Table 2). Since the
majority of patients are women of reproductive
age, fertility preservation and the outcome of

Table 1. International Federation of Gynecology and
Obstetrics stages of the disease

Stage | Disease confined to the uterus
GTN extends outside of the uterus but is
Stage ll limited to the genital structures (adnexa,
vagina, broad ligament)
GTN extends to the lungs with or without
Stage lll . -
known genital tract involvement
Stage IV | All other metastatic sites

GTN - gestational trophoblastic neoplasia

future pregnancies represent one of the major
post-treatment issues. Clinic for Gynecology
and Obstetrics, University Clinical Centre of
Serbia represents the national center for the
treatment of GTD. This national center was
formed in 2015 by the Ministry of Health of the
Republic of Serbia and since then 50 patients
have been treated, 18 of them had malignant
form of the disease, 13 of which have been
treated with single- and five with multi-agent
therapy.

Here we present two patients successfully
treated with multi-agent chemotherapy, who
subsequently became pregnant and delivered
healthy infants.

REPORTS OF CASES

Case 1

A 24-year-old patient was admitted in
December 2015, two weeks after the uterine

curettage in a regional hospital due to bleeding
and beta-hCG > 250,000 IU/L three months
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Table 2. The scoring system prognostic factors

Cerovic¢R. et al.

the normalization of the beta-hCG

Scores 0 1 2 4 level) and two consolidation cycles
Age (years) <40 >40 - - were administered. The levels of
Antecedent pregnancy Mole | Abortion Term - beta-hCG remained negative for
Interval from index pregnancy (months) | <4 4-<7 7-<13 >13 27 months. In November 2019, the
Pre-treatment serum hCG (IU/ml) <10 | 10°-<10* | 10°-<10° 210° patient spontaneously conceived.
Largest tumor size (including uterus) - 3-<5am >5cm The pregnancy course was unevent-
Site of metastases Lung iﬂizr; Gastrointestinal | Liver, brain ful. El.ective Caesarean s.ection was

done in the 38th gestational week
Number of metastases - 1-4 5-8 >8 and the patient gave birth to a
Previous failed chemotherapy - - Single drug 2 ?jrr:;;re healthy female infant weighing

hCG - human chorionic gonadotropin

after the delivery (emergency Caesarean section in term
pregnancy due to fetal asphyxia). The newborn died few
hours after the delivery. The expert pathologist confirmed
the diagnosis of choriocarcinoma. Beta-hCG value was
362,958 IU/L. Radiological staging [computed tomography
(CT) and magnetic resonance imaging (MRI)] showed a
heterogenous mass measuring 61 x 83 x 77 mm in the
uterus with the full-thickness myometrial invasion, and
probable parametrial invasion, as well as the vaginal meta-
static lesion measuring 15 x 12 x 20 mm. The GTD clinical
board determined FIGO stage II high-risk disease (FIGO
score = 7) and the patient was scheduled for the EMA-CO
(etoposide, methotrexate, actinomycin D, cyclophospha-
mide, vincristine) chemotherapy. The patient received
nine cycles of chemotherapy until the normalization of
the beta-hCG values followed by additional two consoli-
dation cycles. During the post chemotherapy surveillance
period no increase in beta-hCG values were noticed over
a period of three years. Three years after the last chemo-
therapy cycle the patient spontaneously conceived. The
pregnancy course was uneventful. At the 39th gestational
week a scheduled Caesarean section was done, and the
patient delivered a healthy male infant weighing 3760 g,
Apgar score at five minutes was 9. The placenta appeared
normal on gross morphological examination, and was sent
for histopathologic examination, which showed no signs of
gestational trophoblastic neoplasia. The beta-hCG values
were controlled and reported negative six weeks after the
delivery.

Case 2

In April 2017 the 31-year-old patient was hospitalized due
to prolonged postpartum bleeding, 40 days after an un-
eventful vaginal term delivery. Uterine curettage was done
in the regional hospital two weeks prior to admission and
pathology indicated choriocarcinoma. The initial beta-
hCG values were 276,070 IU/L. The expert pathologist
confirmed the diagnosis of choriocarcinoma. Thoracal CT
showed three metastatic lesions measuring up to 30 mm
and several satellite lesions ranging 5-10 mm. Abdominal
and pelvic MR imaging detected only myomas.

The GTD clinical board determined FIGO stage III
and high-risk (FIGO score = 9) disease and EMA-CO
chemotherapy commenced. Nine therapy cycles (until

‘ DOI: https://doi.org/10.2298/SARH211220028C

3170 g, with the Apgar score at five
minutes of 9. Both the macroscopi-
cal and microscopical histological
examination of the placenta were normal. Beta-hCG level
was negative six weeks after the delivery.

These reports have been approved by the institutional
ethics committee, and written consent was obtained from
the patients for the publication of the reports and any ac-
companying images.

DISCUSSION

Choriocarcinoma is a pregnancy-associated tumor and
can arise after any type of pregnancy; about 50% follow
molar pregnancy, and the other half occurs with similar
frequency after a spontaneous abortion or ectopic preg-
nancy, or after a term or preterm gestation [1]. The di-
agnosis of choriocarcinoma and other malignant entities
within GTD can be challenging, with abnormal vaginal
bleeding and elevated bhCG values being the hallmarks
of the clinical presentation [3]. In the two cases described,
choricarcinoma was preceded by term pregnancies. Both
patients complained of prolonged postpartal vaginal bleed-
ing, and the diagnosis was confirmed histologically after
the uterine curettage.

The advent of chemotherapy has changed the prognosis
of GTN dramatically. The therapy is instituted based upon
the FIGO risk score, which takes into account the age of the
patient, the type of and the time interval from the antecedent
pregnancy, value of the pretreatment hCG, the number and
sites of the metastases, the size of the largest tumor mass,
and the response to the prior chemotherapy, with high-risk
patients (FIGO score 2 7) being treated with multi-agent
protocol. The multi-drug chemotherapy scheme of choice
for the treatment of high-risk GTN is a combination of eto-
poside, methotrexate, actinomycin D, cyclophosphamide,
and vincristine (EMA/CO), first introduced in 1979 [6].
Both of our patients were high-risk, so they were treated
with multi-agent chemotherapy (EMA-CO).

Given the fact that most GTN patients are women of
reproductive age, with excellent prognosis and long-term
survival rates after the chemotherapy treatment, the atten-
tion is directed towards long term effects of chemotherapy
on the ovarian function, future fertility, risk of premature
menopause, and possible mutagenic and teratogenic effects
[7, 5]. Ovarian function may be influenced by the chemo-
therapeutical agents. It has been shown that the levels of
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Anti-Mullerian hormone, the marker of ovarian reserve,
are decreased after the administration of etoposide-based
chemotherapy for the GTN, in comparison to the patients
with hydatiform mole that did not receive chemotherapy
[8]. Transient amenorrhea, another sign of the disturbed
ovarian function as a consequence of chemotherapy, is occa-
sionally seen in patients with GTN [9, 5]. In the majority of
women, generally, the normal menstrual cycle is recovered
and there is no significant fertility compromise. Our two
patients recovered their respective menstrual cycles 30-40
days after the end of treatment. The conception rate in treat-
ed patients varies 69-86% and is comparable to that of the
general population [7]. Although some studies questioned
increased miscarriage rates among patients who previously
received chemotherapy for GTN, it was mainly associated
with the conception within the first year after completed
treatment [10, 11]. The first important aspect is the timing
of the pregnancy. Our patients were suggested to use some
of contraceptive methods in order to postpone pregnancy
at least one year after treatment. As the disease recurrence
monitoring is based on the hCG surveilance, an increase of
this hormone associated with pregnancy may compromise
adequate follow-up. There is a concern of the direct terato-
genic effect of the chemotherapeutic agents. Knowing the
duration of the oocyte maturation cycle, it may be concluded
that the effect of chemotherapy lasts at least three months.
Indeed, results of a Japanese study reported an increased risk
of abnormal pregnancy outcomes (spontaneous abortion,
stillbirth, repeat mole) in patients who conceived within six
months of completing chemotherapy for GTN [12].
Therefore, one year appears to be a reasonable time
interval from the treatment completion to the next
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pregnancys; it allows for the timely detection of the early
recurrences and minimizes the teratogenic risk. Both
single- and multi-agent chemotherapy can be safely ad-
ministered to patients with a desire for childbearing [5]. In
most studies, women who registered live birth were mostly
of younger age (< 40 years) [11]. Both of our patients were
also of younger age. Most women with gestational tro-
phoblastic neoplasia are cured, but there is still a small
and rare group refractory to all standard chemotherapy
regimens — a condition called ultra-high risk GTN. For this
group of patients, high-dose chemotherapy with peripheral
blood stem cell support can be an option but recovery of
ovarian function is very rare, and actually there have been
no pregnancies described. In the group of low-risk GTN
pregnancy the rate is similar to the general population.
At our clinic, out of 18 GTN patients, five were resistant
to single-agent therapy and the others were not, which
matches the data according to which about three-quarters
of patients are actually low-risk [13].

In conclusion, except for the risk of ovarian reserve
damage, and, rarely, possible premature ovarian failure,
multiagent chemotherapy can be safely administered to pa-
tients desiring future childbearing. The pregnancy should
be deferred for at least one year after the treatment comple-
tion. Gestational trophoblastic neoplasia has become the
most curable malignant disease since the introduction of
chemotherapy, which is effective and well-tolerated, and
allows fertility preservation in high-proportion of women,
as it is shown in our two cases [14, 15].
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[Asa cnyqaja HeKOMMN/InKoBaHe pr,qHOhe nocne nevyerba XopnokapunHOMa

Pagojka Lleposuh’, TjaHa Jarbuh'? Munow Pagojesuh'?, JosaHa Rynuh', Cawa Kaguja'?
'YHUBep3UTETCKN KNMHMYKY LeHTap Cpbuje, KnuHuka 3a ruHekonorujy v akywepctso, beorpag, Cpbuja;

*Yuueep3utet y beorpapy, MeanunHcku dakynter, beorpag, Cpbuja

CAXKETAK

YBopg lectaymjcka TpodobnactHa 6onect npefcrassba rpyny
nopemehaja Koju HacTajy U3 niaLeHTHOr TPopo6NACTHON TKMBA
nopekna abHopmasHe onnoaHe. XoproKapLHOM je ManmnrHy
€nnTeNHY TYMOP KOjy MPOV3BOAM XYMaHM XOPUOHMU FOHafoTPO-
MWH 1 HacTaje 13 BUNo3Hor TpodobnacTa. M36op pexnma xe-
MVOTepanuje 3aCH1BA e Ha cTaaujymy 6onectn MehyHapogHe
denepaLyje 3a rMHEKONOrMjy 1 aKyLLEPCTBO 1 CKOpy 6onecTu
npema CBETCKOj 34paBCTBEHOj OpraHu3aLujn.

Linms oBor pafa je Aa nokaxe fa je ycneluHa TpyaHoha moryha
nocre fleyera BUCOKO PU3NYHIIX recTaLmnjckux TpodpobnacTHMX
Heonnasuja.
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Mpunka3n 6onecHnka MpeactaB/bamo fABe YCMELHO eye-
He 6onecHuLe Koje cy 3aTpyaHene U poaune 3gpase 6ebe y
TEPMUHY.

3akrpyuak [ecTaumjcka TpopobnacTHa Heomasuja je noctana
Haju3neunBmja ManurHa 6onect of yBoherba xemuoTteparnuje,
Koja je ebukacHa 1 pobpo ToneprcaHa 1 omoryhasa ouyBarbe
dbepTunuTeTa KOf BENMKOT 6poja XeHa.

KmbyuHe peuun: rectalyoHa TpopobnactHa Heonnasuja; Xopu-
oKapuuHom; TpyaHoha; depTunnteT
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SUMMARY

The paper is about the First National Hygiene Exposition in Belgrade in 1933. It was one of the most
significant events and an important part of the cultural policy in the Kingdom of Yugoslavia at that
time. It was also the last one in a series of great events under the high patronage of King Aleksandar |
Karadordevic. In order to make research in the novelties the exposition introduced, the thus far unpub-
lished archival material has been studied along with the situation drawings of the complex and the
restaurant, photo documentation and the exposition presentation in the newspapers of the time, as
well as the published material.

The aim of the paper is to emphasize the significance of the exposition, its dominant health and educa-
tion concept with regard to social improvements for the benefit of the general public, all in the context
of the period and under conditions it was organized. The paper also aims at presenting a comprehensive
view of the exposition impact on the history of the Serbian and Yugoslav medicine, as well as the mod-
ernization of the society on the whole.

The paper also includes the hitherto unpublished archival material, plans, photographs, brochures’ front
pages and so on.

Keywords: history of medicine; Serbia; Kingdom of Yugoslavia; health and cultural policy; popular events;

temporary architecture

INTRODUCTION

When the Great War had ended, an aspiration
dating from the 19th century was realized - a
unity of the south Slavic nations into one state,
the Kingdom of Serbs, Croats, and Slovenes
(Kingdom of SHS, i.e., Yugoslavia). So now,
one state gathered the peoples who had hith-
erto lived in various cultural environments. The
political act of uniting those nations could not
just erase the differences between them, which
ranged from economic ones to various national
experiences, religions and confessions, cultural
traits, mentalities, as well as differences in the
level of literacy and education as the most im-
portant measure of social advancement.
There are two prominent figures featuring in
the foundations of the public health of Serbia,
who had always maintained that the population
should be actively involved in all the subjects re-
garding country healthcare and society prosper-
ity. Dr. Vladan Dordevi¢ (1844-1930), was a fig-
ure whose visionary activities were reflected in
making two reforming acts: the Public Sanitary
Fund Act (1880) and the Sanitary Profession
Management and Preserving Public Health Act
(1881). Those acts held provisions on preven-
tive measures of great importance not only for
advancement of health in the Kingdom of Serbia,
but also for the newly formed Kingdom of SHS
[1, 2]. The other was Dr. Milan Jovanovi¢ Batut
(1847-1940), at that moment appointed chief
physician and chief of staff of the Kingdom of
Montenegro Sanitary Department. His task was

to improve the healthcare system in Montenegro
and he examined all the school children in order
to educate the population about the significance
of general health. On behalf of the Serbian gov-
ernment, Dr. Pordevi¢ invited him to return
to Serbia and he was sent to abroad for further
specialization [3]. Having completed all the ad-
ditional studies in Berlin, Munich, Paris, and
London (1882-1885), Dr. Jovanovi¢ Batut re-
turned to Serbia, starting the healthcare service
while working on setting up the medical service,
opening hospitals, pharmacies, summer resorts,
sanatoriums. He was resolute in striving to real-
ize his visionary ideas, and among other things,
he pushed for the Great School of Belgrade to
become a university (working on a University
Act, 1902-1905) and for founding the Faculty
of Medicine [4].

Since the social policy of the Kingdom of
Serbia was not properly regulated at the state
level, physicians and philanthropists, encouraged
setting up numerous civic associations aiming at
public health improvement [5]. So, at that time,
two, for us particularly important societies were
established: the Society for the Preservation of
Public Health (Society) and the Maternity
Society which would mostly contribute to open-
ing the First National Hygiene Exhibition (the
1st NHE) three decades later in Belgrade.

The Society was established in Belgrade in
1902 at the initiative of Dr. Radivoj Vukadi-
novi¢, Dr. Vladimir Popovi¢, and Dr. Slobodan
Ribnikar, and wholeheartedly supported by the
Serbian Medical Society, modelled after the
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similar societies in England for purposes of comprehensive
work on the preservation of public health and education
in the field. The Society’s work was regulated by a Society
Rule Book set up by Dr. Jovanovi¢ Batut [4, 6]. The health
of mothers and children was the priority of the Society.
Consequently, at the initiative of Dr. Radivoje Vukadinovi¢,
a Summer Resort for Sickly Children was opened in
Kosutnjak (1904) and two more in Sabac and Kragujevac
[7]. From 1906, the Society published a magazine Zdravlje
(The Health, a journal of doctors educating the population),
in Sombor, with Dr. Jovanovi¢ Batut as the editor-in-chief.
Also, in 1905, he suggested a Medical Museum to be estab-
lished, providing a list of exhibits that should be collected
for an exhibition. And that was the material that the Society
would present at the Balkan Exposition in London (1907),
where they would win the Grand Prix and be presented in
an English medical magazine, The Lancet. Supported by
the Serbian Red Cross Society, the Medical Museum was
opened in 1912, at the Palace Russia (today the Moscow
Hotel) on Terazije. Organizing numerous activities such as
opening the first School for Rural Housewives (modelled
after similar ones in Germany, 1906), the Society contrib-
uted greatly to educating women, including an aspect of
struggle for emancipation [7, 8, 9].

And it was the women’s societies and magazines, be-
sides the school system, that greatly helped advance the
women’s status in Serbia in the 19th and 20th centuries.
The women’s societies had a humanitarian and educational
character, spreading literacy and culture, thus supporting
the overall social development [10]. One of those societ-
ies, with which the Society collaborated closely and whose
activities were part of setting up the 1st NHE, was the
Maternity Society, established in 1904 in Belgrade. The
activities of the Maternity Society introduced numerous
novelties in the domain of health and social care and fos-
tering orphans and children without parental care. In ad-
dition, schools for midwives and midwife service were set
up. The work of the Society was regulated in the Maternity
Society Rule Book, stating concrete tasks such as establish-
ing a collective home for infants and children under seven
years of age, taking care of the children without parental
care [5, 11]. And while the Society struggled to build its
own home, the Military Hospital complex (1904-1909) and
the General State Hospital complex (1901-1907) were built
in Vracar [12]. Soon, in 1911, the Society for Supporting
Orphans and Destitute Children donated a parcel of land
to the Society, on the corner of Vojvode Milenka street (to-
day Tirsova) and Kralja Milutina street in Belgrade so that
they could erect their own Children’s Home. Unfortunately,
it was not to be, due to the upcoming war.

Just before the First World War (WWTI), Dr. Jovanovié
Batut witnessed how his principles were being accepted
with enthusiasm even outside the Kingdom of Serbia. One
of his true followers in Croatia was Dr. Andrija Stampar
(1888-1958). The two doctors of modern visions and broad
knowledge and interests (with an age difference of 41 years)
started collaborating from 1913 when Dr. Jovanovi¢ Batut
vehemently supported Dr. Stampar’s initiative to establish
the Croatian society for the preservation of public health in
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Zagreb, similar to that of Serbia (1902) [4, 7, 13, 14]. Like Dr.
Dordevi¢ used to have a good ear to recognize talent of his
younger colleague, Dr. Jovanovi¢ Batut in the late 19th cen-
tury strongly encouraged him in his work. Immediately after
the WWI when the new state was formed, Dr. Jovanovic¢
Batut also recognized a young, agile and broadly educated
Croatian physician Dr. Stampar, as the one who would bring
in new ideas and reform the health policy.

Health circumstances, laws and societies in the
Kingdom of Serbs, Croats and Slovenes /Yugoslavia

The newly formed Kingdom of SHS (1918-1929) started its
life in the WWI aftermath, with the destroyed demographic
and economic foundations and huge losses in the popula-
tion topped with various epidemics. Based on the pre-war
experiences and the extraordinary war circumstances that
required special health care arrangements, a struggle for
improving overall public health and healthcare institutions
in the Kingdom of SHS started. Under such circumstanc-
es, when fighting and curbing epidemics was underway,
and when the housing issues needed to be resolved, a new
healthcare organization was emerging, the one that started
with preventions and treatments. It was also active in the
field of health propaganda, education about health and rais-
ing public awareness about health in general. Social policy
that was aligned with the European tendencies was becom-
ing a significant political segment in the life of the new
kingdom. It was believed that great social reforms would
lead to a better and more just life of its subjects. The social
policy was equaled to the communal one, and the only dif-
ference between them was just in the level and scope of
work [15]. To that end, the government established a sepa-
rate Ministry of Public Health, which thus far had been a
part of other ministries — it was established in 1918 and was
tully functional from 1920. At Dr. Jovanovi¢ Batut’s sugges-
tion, Dr. Stampar was appointed head of the Department of
Racial, Public, and Social Hygiene, Department of Hygiene
for short [16]. His priority tasks were implementing the al-
ready drafted social-medical plan, work on developing and
advancing laws on healthcare, and trying to merge separate
ministries of public health and social policy into one [1].
Right after the Ministry of Public Health was established,
the Chief Medical Council was formed and the Permanent
Epidemics Commission, chair by Dr. Jovanovi¢ Batut. At
the initiative and under organization of the Commission,
bacteriological labs were being opened all over the coun-
try, then institutes and clinics for studying and curbing
malaria, clinics for treating sexually transmitted diseases
(STDs), those for treating tuberculosis, public health cen-
ters and rural health centers. Regarding systematic health-
care for children, school clinics were opened, and the first
Institute for Mother and Child Healthcare in Ljubljana, as
well as a school for medical nurses in Belgrade, Zagreb, and
Ljubljana. In addition, there was a great number of health
resorts and recovery centers, as well as medical museums in
Belgrade, Zagreb, Sarajevo, Ljubljana, Novi Sad, and Tuzla.

In the 1919-1929 period, the healthcare policy and
medical services, managed by the Hygiene Section
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(from 1929 called the Hygiene Section of the Medical
Department), were reorganized by new regulations only to
continue to develop according to the needs and technical
circumstances in the country. All the facilities were mak-
ing a “network of workshops,” as Dr. Konstantinovi¢ called
them, of social and medical activities and their organiza-
tion [17]. Then higher education in the medical field was
introduced in the new country - the Faculty of Medicine
in Belgrade, which was founded in 1920 [18, 19]. Then two
new important acts were passed: Labourers’ Insurance Act
and Health Co-ops Act, which was highly encouraging in
regulating and improving workers’ and farmers’ healthcare.
At Dr. Gavrilo Koji¢’s (1889-1927) initiative, healthcare
co-ops were established (1922), healthcare organizations
that were quite unique in the world at that time, and which
would serve as a model for similar co-ops in Bulgaria,
Romania, Poland, and all the way to America, India, and
China [1, 20].

There were also private initiatives. Numerous pre-war
voluntary associations of social and health aid developed
and were based mostly on the principles established by the
Society. The latter continued their work under a new name,
the Yugoslav Society for the National Health Preservation
(1922-1938), and in 1938 it was transformed into the
Main Education Co-op [10]. The Maternity Society with
their Orphanage (1922-1925) also continued with their
activities within the Yugoslav Women’s Association [5, 11].
There were also international institutions very active in
the same field, which expressed their interest in support-
ing the healthcare policy reforms in the Kingdom of SHS.
The most significant support came from the Rockefeller
Foundation (establishing and erecting the School of
Public Health in Zagreb in 1927; renovation of the Central
Hygiene Institute in Belgrade in 1925-1926) and the
League of Nations Health Organization. The support was
most prominent in the field of eradicating infectious and
endemic diseases, as well as enhancement of healthcare,
sciences and education [1, 21].

State social mechanisms were being
developed gradually also in the domain of
urban planning and building the housing
stock for the social-health centers and in-
stitutions as part of the kingdom’s overall
building policy. In 1921-1922, the state
called for an international competition
for master plan for the capital, as a basis
for making the 1923 Belgrade Master Plan
(adopted in 1924). When a Building Act
and all its regulations became effective
(1931-1934), municipalities started mak-
ing construction and levelling plans [22].

The Hygiene Department’s scope of ac-
tivities included various remedial works
which would improve the overall health-
care circumstances. With that regard, there
was a key link between improving condi-
tions in cities and the housing issues, along
with enhancing the housing stock for the
social-medical institutions.
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With the 6 January Dictatorship (January 6, 1929 -
September 3, 1931), the Kingdom of Yugoslavia emerged
(October 3, 1929), consisting of nine counties and a special
tenth region included Belgrade with Zemun and Pancevo.
Hoping that the national conflicts and differences would be
resolved soon enough by creating a unified nation, there
were activities in all the fields, pushing a new ideology
of a Yugoslav nation. New societies, associations and or-
ganizations, then magazines and daily papers were being
established, while the old societies were invited to continue
with their activities in the spirit of a new national and
ideological concept [23].

Setting up the First National Hygiene Exposition in
Belgrade in 1933

As previously pointed out, that was the political and so-
cial environment where the 1st NHE was opened in the
capital city of the Kingdom of Yugoslavia - from August
19, to September 20, prolonged until September 25, 1933.
It was an extraordinary medical and cultural event and an
important part of an overall cultural policy in the country
[24]. Organization and realization of such a substantial
multidisciplinary function with public health at its core
required the entire country to be engaged in the activities,
continual work on advertising, as well as serious funding.
Under the patronage of King Aleksandar I Karadordevi¢,
the exposition was set up by the Yugoslav Society chaired
by the General Board President and the first director
of the Central Medical Institution, Dr. Stevan Z. Ivanié¢
(1884-1948). The Honorable Board consisted of all the
ministers, all faculties’ deans, county leaders and other
county representatives and those of other societies and
associations (Figure 1).

The exposition General Board president was a univer-
sity professor and one of the founders of the Faculty of
Medicine in Belgrade, Dr. Aleksandar Kosti¢ (1893-1983),

Figure 1. The King of Yugoslavia Aleksandar | Karadordevi¢ and Queen Marija
Karadordevi¢ (born Princess of Romania) strolling through the exhibition at the Faculty
of Engineering building, accompanied by Dr. A. Kosti¢, interpreting the exhibits (right)
and Dr. S. Ivanic (in the background) (Belgrade City Museum, SGI2/1 2231)
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Figure 2. Memorial Book cover (Museum of
Science and Technology - the Serbian Medi-
cal Society Museum department)
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Figure 4. Exposition catalogue cover (private archive)

the vice-president was Dr. Bogoljub Konstantinovi¢ (1896-
1944), the head of the Central Medical Institution Social-
Medical Department and the secretary was Dr. Bojan Pirc
(1901-1991). Also, the School of Public Health, Zagreb
took part in the exposition preparations. Overall support
was bestowed by the county boards of Ljubljana, Zagreb,
Banja Luka, Split, Cetinje, Sarajevo, Novi Sad, Ni§, and
Skopje, then by all the medical centers in the country, as
well as the health co-ops associations, Maternity Society,
the Kingdom of Yugoslavia Red Cross, sober associations
and sports societies [24].

As stated in the brochure published in 1934, the aim
of the exposition as a “health festival of the entire coun-
try” was to spread education on health as a prerequisite for
the national health betterment, and to show the nation new

‘ DOI: https://doi.org/10.2298/SARH210429030V

Figure 3. The King of Yugoslavia Aleksandar | Karadordevi¢ and Queen Marija Karadordevi¢
(born Princess of Romania) at the entrance to the Faculty of Engineering with Dr. A. Kosti¢, and
a minister I. Pucelj, Dr. S. lvani¢ and Dr. B. Pirc (left to right) (Belgrade City Museum, SGI2/1 2234)

industrial and craft products that support healthy life [24]
(Figure 2). Significant incentive for the exposition was the
participation of the Kingdom of Yugoslavia at the Second
International Hygiene Exposition in Dresden in late June
1920, as well as the Grand Gymnast Show held in Belgrade
in June 7-29, 1930. The sport event promoted the Yugoslav
nations’ strength through sports, which helped to proclaim
the ideology of integrated Yugoslavism in the national
health narrative contained in the 1st NHE under a slogan
For Better Health and Better Future Generations [24, 25].

In a newly erected imposing building of the Faculty of
Engineering of Belgrade (1925-1931), in an area of over
3000 m?, the most representative popular and professional
section of the exposition was set up. The undeveloped land,
the so-called Running Course, located between Bulevar
Kralja Aleksandra, Grobljanska (today Ruzveltova) and
Kraljice Marije streets, the area of 40,000 m?was used for
exposition.

The works on setting up the exposition and the exhibits
in the faculty building started on August 5, 1933, assisted
by the curator at the Medical Museum and a secretary of
the county board of Zagreb, Mladen Sirola. The exposi-
tion had 18 sections housed in 17 faculty rooms and an-
techambers, halls and corridors which as separate units
from the ground floor to the second floor led the visitors to
educational rounds of clear and comprehensive knowledge
on the ways of preserving health (Figure 3). The ground
floor covered occupational medicine, food and diet, sports,
demography, personal hygiene, healthcare service organi-
zation, hospitals and first aid. The first-floor covered health
education, medical manikins, tourism, spas and climatic
health resorts, healthcare services, medical science, mother
and child hygiene, schoolchildren health and protection,
tighting alcoholism, tuberculosis and STDs. The second
floor covered dwelling place hygiene, settlement hygiene
- remedial work (with over 50 miniature models of apart-
ments, houses and entire settlements), infectious diseas-
es, malaria, hygiene, and veterinary medicine. Unable to
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Figure 5. Front page of a brochure that was
handed out at the exposition (private archive)

present all the collected exhibits, the exposition board
created an exposition card system, covering the entire
medical educational material delivered for the exposition
[26]. Approach to the exposition organization was quite
innovative and modern - one of the event feature was a
real nursery for the children from the Belgrade Danube
Nursery 2; the visitors had an opportunity to have a guide;
free brochures on STDs were being handed out under a
title The Two Great Evils by Dr. Bojan Pirc; There were also
short popular talks on hygiene, then film projections and
ultimately a postal room with its own stamp that read the
1st NHE (Figures 4, 5, and 6).

Having obtained all the necessary permits from the City
of Belgrade administration, the Exposition Board started
the works on preparing the land and erecting structures for
the exterior section of the exposition, all according to a de-
sign by Svetozar S. Mileti¢ [27]. The ground works, sewage
system and water lines were constructed by engineer Mirko
Bradilovi¢, and a contractor engineer Aleksa Turbina was in
charge of building the structures. Engineer Petar Cepurnjak
was a supervisor over all the engineering works [28].

The exposition external section was divided into a com-
mercial part and an entertainment part (Figure 7). The
entire construction site area was equipped with sewage
and water piping, and landscaping in English style. The
construction started with erecting a wooden restaurant
building with terrace, just behind the faculty building
(Figure 8). Then, on a lower level three main rectangular
exposition pavilions with a porch were erected. They were
made of wooden structure on a concrete foundation. The
pavilions held 67 exhibitors, displaying mostly pharma-
ceutical and medical products, equipment for apartments,
then various household sanitary and cosmetic products.
(Figures 9 and 10) Another nine exhibitors were house in
15 smaller pavilions grouped in the central section of the
area, around a big potable water tap, where all the pedes-
trian paths converged [28].

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):361-368

Figure 6. Exhibits (Belgrade City Museum, SGI2/1 2106)
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In order to provide direct communication between the
various exposition sections in the faculty building and the
restaurant behind it, two wooden bridges connected the
interior exhibition with the restaurant roof terrace. From
terrace opened up a view over the exposition pavilions
on a lower level and all the way towards the Danube and
the Banat plains (Figure 11). Lingering on the restaurant
terrace was made additionally pleasant with available tele-
phone service and a radio station playing music and an-
nouncing various information [28].

The entertainment section was a sort of fair organized
in collaboration with the Maternity Society and supported
by the Belgrade Danube Nursery 2, and the Society for
the Protection of Blind Girls. The fairground had swings
and carousels, a theatre, park areas, an area for scouts, car
rides and a jungle gym for kids. Its central spot was a water
fountain. There were also two smaller tap water faucets
and toilets (Figure 12).

Although the pavilions had been erected for the ex-
position, thus of temporary character, they remained in
place even after the exposition closed, and were used as sci-
ence and lectures workshops as per need of the Faculty of
Engineering. The pavilions stayed there until a mechanical
engineering laboratory was erected in Grobljanska street
(1940). On the other hand, the commercial and entertain-
ment section, the small fairground not only proved as use-
ful but they actually provided a spark for the Society of
Organizing Fairs and Exhibitions (1923) and their initiative
to found the Belgrade Fairground in 1937 [29].

The entire work on promoting the 1st NHE was taken
quite seriously. The entire visual material was done ac-
cording to the drawings of a renowned artist M. Markovi¢.
Finally, the endeavors and efforts put in that medical
and educational event were crowned when a Memorial
Book was published, whose editors were Dr. Kosti¢, Dr.
Konstantinovi¢ and Dr. Pirc. The exposition setup and
its entire concept as a purposeful medium for enhancing
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Figure 10. Visitors outside the pavilions (col-
lection of Milos Jurisic)

T/ S

Figure 11. View of the restaurant and the exposition commercial
section (collection of Milos Jurisi¢)

knowledge on the importance of preserving national health
proved as highly successful both from the aspect of turnout
of over 100,000 visitors and the aspect of its mobility. At
an initiative of the Exposition Board and according to the
King’s wishes, the exposition was to continue its mission as
a touring exhibition [30], but those plans fell through when
King Aleksandar was assassinated in Marseille on October
9, 1934.

CONCLUSION

As a “country’s health parade,” the 1st NHE was truly an
ode to an original and effective healthcare system based
on ideas of the relatively new science at the time - social
medicine, which required changes to be made in how the
society relates to health and diseases, on the one hand, and
in the domain of educational and industrial circumstanc-
es, on the other. And how important the exposition event
really was could be witnessed in the printed autograph
facsimile of the King Aleksandar’s introductory word on
the Memorial Book first pages, below a monogram with a

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):361-368
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Figure 12. View of the exposition entertainment section (collection of Milos
Jurisic¢)

crown and his photograph highlighting his patronage:
Providing health education, we have to create a new aware-
ness of hygiene in the population - it can be achieved only by
clear examples and active work with people - the hygiene ex-
position has shown us the right way to accomplish this [24].

Besides huge success this medical and educational event
had on the national level, along with its both professional
and entertaining character, its significance is also reflected
in strong encouragement in realizing the idea of building
the Belgrade Fairground as a new international commer-
cial center of the Balkans and a major link between the
developed European countries and the developing ones
of southeast Europe and Asia.
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MNpBa 3emasbCKa XurmjeHcka nsnoxkba y beorpaay 1933. roguHe

Maprta Bykotuh-Jlazap', MupjaHa Potep-bnarojesuh?

'YHuep3uTeT y MpuwTrHN ca npuBpemeHm ceauitem y Kocosckoj Mutposuuw, Gunosodceku pakyntet, Kococka Mutposuua, Cpbuja;

*YHnBep3uTeT y beorpagy, ApxutektoHckm dakyntet, beorpag, Cpbuja

CAXETAK

Kpo3 pag je npukasana MpBa 3emMarbcka XurnjeHcka n3noxoa y
beorpagy 1933. roguHe, jeaaH of Haj3HayajHWjUX 3APABCTBEHNX
porahaja 1 BaXkaH A€o KyNnTypHe NonnTuke Tapalbe Kparbe-
BUHe Jyrocnasuje, anv U Nocnefka y HU3Y BENNKNX MaHndec-
Tauwja NoA BUCOKUM NMOKPOBUTEILCTBOM Kparba AnekcaHapa |
Kapahophesuha. Kako 6u ce nctpaxune HoBMHE Koje je OHa
[OHena, aHanm3mpaHa je Ao cafja Heobjas/beHa apxmBcka rpaha,
CUTYyaLMOHa CK1La KOMMNJeKca 1 NpojekaT pectopaHa, $poTo-
[AOKYMEHTaLWja, Kao 1 NpurKasu n3noxo6e y AHEBHO] LTaMM U
06jaB/beHM ny6nrKaLmjama.

Linrb papa je fa ykaxe Ha 13y3eTHY BaXKHOCT 131066, fOMU-
HaHTHO 3[4PaBCTBEHO-NPOCBETUTE/bCKE KOHLIEMNLIMje, Ca CTyXOM

DOI: https://doi.org/10.2298/SARH210429030V

3a couymjanHa yHanpehetba y MHTepecy Hapoaa, NoCcMaTpaHo y
KOHTEKCTY BpeMeHa 1 YyCNOoBMMa Y Kojuma je HacTasna. Texuno
Ce WITO cBeobOyxBaTHMjeM carniefjaBatby HeHOr yTuLaja Ha nc-
TOPUjy CPMCKe U jyroCIOBEHCKE MeULIMHE I MOAEPHM3aLujy
APYLUTBA Y LIeVHW.

Y npunory papa cy aatvi o cafia HeobjaBsbeHa apx1BCKa rpaha,
nnaHosu, poTorpaduje, Haco0BHe cTpaHe npatehux 6poLuypa
UTA.

KmbyuHe peun: nctopuja meguuuxe; Cpbuja; KparbesuHa Jy-

rocflaBuja; 30PaBCTBEHA U KyNTYpHA NOAWTMKA; NONynapHe
MaHudecTaumje; ebemMepHa apxuTeKTypa

Srp Arh Celok Lek. 2022 May-Jun;150(5-6):361-368



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY 4YaCOMM-
ca ,CpIcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa Mpo4nuTajy YOyrcTBoO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
uHopMalyje 0 NUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayro-
pu npunpeMe paj npeMa JaTUM IPONO3UNMjaMa, jep
YKOIMKO PpyKoIuc He Oyfie ycknal)eH ¢ 0BUM 3aXTeBUMa,
YVpenuumrso he omIoKuTy Miu ox6MTH HeroBo myonm-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a ywranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprnckoM apXuBy CBM ayTOpH pajia MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca - Cprcko me-
KapcKo IPyLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/byje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeNOCT UM JAeI0OM, HUTHU
npuxBaheHu 3a o6jaBpuBame. CA 06jaB/byje paoBe Ha
@HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHI
u Behe IMTHPaHOCTY IIpeTIopydyje ce ayTopuMa Ja pa-
IoBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOGHUIN,
OPUTVHATHN PafIOBY, IPETXOIHA U KPaTKa CaolIITeHha,
mpuKasy 60eCHUKaA U CTy4ajeBa, BUJe0-YIaHIIN, CIIMKe
U3 KIMHIYKe MeIMIMHE, IPeTIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, pafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIIVHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapAa y MeIVMLIVMHY, M3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TMYHY CTAaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrMHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHNKa I
CITydajeBa, BUIO-UIaHIN, CTIMKe U3 KIVHIYKe MeIUIIHE,
IperefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyO/IMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunirsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3MKy (y CK/IOITy CaMoT PyKoO-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTH Ha 25
mm, BeMIIMHY CTpaHNIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor Imacyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTuTu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) pany IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha emwupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPMCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haka
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CllelyjanHy 3Hauu (cuMo6omn),
xopuctuty pout Symbol. [Togauu o kopuurheHoj mure-
paTypu y TEKCTY O3HAa4aBajy ce apancKuM 6pojeBuma y
yIIacTuM 3arpafama — Hip. [1, 2], 1 To penociefoM Kojum
ce T0jaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YITIY, TI04eB Off HaC/IOBHE CTPaHe.

ITpy nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3andKor cTaugapna American English u xopucy-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepiyKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM Ha3MBMMa, a IMe VI MECTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CII0j cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj KOji ce jaB/ba Y CYIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHnt (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OFHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBupy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y Hamomenu Ha kpajy
Tekcra. Takohe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABEeCTH 3BaHIIaH HAa3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBama, /ja /I je pajj U KaKko my6-
JNMKOBaH (HIp. VICTY VIV JPYTadujyl HACTIOB VTN CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce leUHNITY Kao MCTpaKVBama yTHUIlaja jefi-
HOT VTV BUIIe CPECTaBa V/IM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCcTpakuBamba ce HaBOAM Y TOCTIENHheM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonucy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUAY IMIUCAHOT
IPYCTaHKa UCIUTVBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IeKIapaIjoM 1 ofo6perbe HaJJIeKHOT eTIIKOT ofj6opa
Jla ce UCTpaKUBabe MOXKE M3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHfapAMMa. EkcriepymMenTanHa ncTpaxuparma
Ha XyMaHOM MaTepujaay U MCIIUTYBamba BPIIeHa Ha XIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTHUKOT 0f60pa yCTaHo-
Be J1 Tpeba f1a Cy y CarllaCHOCTH C TPaBHUM CTaHJApAUMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
JaXke MOTIIMCaHA U3jaBa y OKBUPY obpacua Submission
Letter xojoM ce ayTOpH U3jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
nHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTH MHTepHeT-CTpaHnIly CBETCKOT yApYysKema
ypenHuKa MegunyHcKux 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 KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba Jia je yIecTBOBAO HOBO/BHO Y PAJy Ha PYKOIICY
KaKo O MOTao Jia IIpey3Me OATOBOPHOCT 34 IIe/IOKYTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIVCA U/ EberOBOj KPUTUYKO]j PEBUSU)U
OJl 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 32 ITaMIIambe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCUpame, CaKyI/balbe IoflaTaKa MIN FeHepalTHo
HafIIefambe ICTPaXMBayKe IPyIle CaMI 110 ce61 He MOTY



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

oIpaBfiaTi ayTopcTBO. CBY APYTU KOjU Cy OTPUHENN
u3paju paja, a Koju HIUCY ayTOpM PyKOmuca, Tpebaio
6u na 6ymy HaBefeHM y 3aXBaTHUIIM C ONIMCOM IJMIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpoBepy Ha IIarujapusam/ay-
rortarujapusam mnpeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce goKake IUarujapusam/
ayrorutarujapusam 6uhe ofoujenn, a ayTopu CaHKLIMO-
HICAHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paza 6e3 ckpahennua;
IpeJIOr KPaTKOT HACTIOBA Pajia, IIyHa VIMeHa U IIpesyMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpaHa OpojeBUMa; 3BaHNYAH
Ha3UB YCTaHOBA Y KOjJIMa ayTOPU pajie, MeCTO 1 P>KaBy
(pemocienoM Koju ofroBapa MHAEKCHpaHUM OpojeBrMa
ayTopa); Ha JHY CTpaHMIle HAaBeCTU UMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u MMejI agpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opuruHaaam paj, IpeTXOfHO ¥ KPaTKoO
CaoIIIITelbe, IPerIe] MTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAMI[MHe U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHMUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOMIHO 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 HajsaxkHUje pesynrare (HyMepryKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiuTeH, Beh Mopa OMTH IUpPEKTHO IOBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHIKA CaXKeTaK Tpe-
6a ma uma cnenehe genose: YBox (y IOC/IENBbOj pedeHUIIN
HaBecTy Imb), [Ipukas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju mo4nie 60u50-
BaHOM pednt. 3a ocTajle TUIIOBE PafioBa CaykeTaK HeMa
HOCeOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/byYHUX peun v uspasa. He Tpeba ma ce moHa-
B/bajy pedy U3 HAC/IOBa, a KJbY4He pedn Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKyMeHTa IIPUIOKUTH HAaCJIOB pajia Ha CpII-
CKOM je3JKy, IyHa VIMeHa 1 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCpaHa OpojeBliMa, 3BaHNYaH Ha3UB YCTaHOBA
y KOjMa ayTopu pafie, MecTo 1 fip>xaBy. Ha cnenehoj -
YeTBPTOj IO pefly — CTPAHUIY JOKYMEHTA IPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a pajioBe Y KOjiMa je o6aBe3aH ca)keTaK Ha eHITIECKOM
jeauky. [TpeBoz mojMOBa 13 CTpaHe IUTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy MIN CUH-

TarMe 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LleJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy Ha3WBe IPHIO-
ra (tabena, rpaduKoHa, CIIMKa, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomuTee 06aBe3Ho Tpebda ga uMajy ciepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY TTa-
cyc YBona), Metone papa, Pesynraru, Iuckycnuja, 3akmy-
vak, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, OfiroBapajyhu nognacnosy, 3akbydax, JIn-
TepaTypa. [IpBouMeHOBaHM ayTOp NpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnuTara (Kao ayTop WM KOayTop)
pazmoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOIMKO UX MMa, MOPajy fia HaBeny 6ap jeman
ayTOIIMTAT pajioBa TaKohe MyO6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpnkas ciydaja wam 6onecHMKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6ornecurka, [luckycuja, JIuteparypa. He Tpe6a kopucturu
uMeHa 60JIeCHIIKa, MHMIMjale, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparyjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO KOje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga 3a my6-
NIMKOBambe.

CKPAREHMIE. Kopuctuty camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jeIUIberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [THK, cupa, XVB,
ATTI). 3a cBaky ckpaheHUIly TyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaHfapfHa
jemuania mepe. He kopuctutn ckpahenniie y Hacnosy.
Vs6eraBatu kopuirheme ckpaheHnIa y caxxeTKy, ajii ako
Cy HeOIIXOffHe, CBaKy cKkpaheHMIry 06jacHNUT IpU IPBOM
HaBoDemwy y TeKCTY.

JENVIMATHI BPOJEBIL. Y TexcTy pajia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3MMa JeluMaHe OpojeBe MUCaTY ca Ta4KoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenyMary.

JEOVUHWITE MEPA. Jly>xuHy, BUCUHY, TeKMHY U 3a1Ipe-
MVHY U3paXKaBaTy y MeTPUYKIM jeAMHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIO-
BuMa. Temmeparypy uspaxasaru y cternennma Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTpPVMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHWYKNX M 6MOXeMMjCKIX
Mepera HaBOJWUTHI Y MeTPUYKOM CUCTeMy mpema Meby-
HapoOIHOM cucTeMy jemuunna (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia Koju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTakK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY IIPUIO3M, OHOCHO TOTIINCY 33 HUX U JIETeHIa
(tabere, cnuke, rpadUKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VKy — MOpa M3HOCUTHU
3a OPUTMHAIHY Pajl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CaOIIITEebE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, paji 3a
IPaKCy, efyKaTVBHY YWIAHAK U pafl 3a PyOpUKY ,,]e3uk Me-
puiyHe 5o 3000 peuy; pajoBY 3a OCTajle pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-pagoBu Mory TpajaTu 5-7 MuHyTa 1 6uTH Y PopMa-
Ty avi, mp4(flv). ¥ mpsoM xazipy ¢uamMa Mopa ce HaBeCTI:
y HaiHacnmoBy CpIICKM apXMB 3a LIeJIOKYITHO TeKapCTBO,
HACTIOB paJia, Ipe3yMeHa U MHUIIVja IMEHa U CPefEbeT
C7IoBa CBMX ayTopa paja (He ¢puama), roguHa uspage. Y
IPYTOM Kafpy Mopa OMTH YCHUM/bEH TeKCT paja y BUILY
arcTpakTa o 350 peun. Y mocnenmeM Kapy GpumMa Mory
ce HaBeCT MMeHa TeXHIIKOT 0co67ba (pexxija, CHUMATETb,
CBET/IO, TOH, QoTorpaduja i ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy dortorpadujy Kao miIycTpauujy npukasa, usjaBy
MOTIIMCAHY Of CBET TEXHIYKOT 0cob/ba fla ce Ofpnyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

ITPTUIO3M PATY cy tabene, cuke (¢pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) 1 BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ympuBa. Hacnos Tpeba oTkyuary usHap tabene, a
objarmema ncroy we. Taberme ce 03HaUaBajy apancKuM
6pojeBrMa mpema pegocneny HaBobhema y Texcry. Ta-
6erne npTaTH UCK/BYUNBO y mporpamy Word, Kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TaYHOT OpOja KOTTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTit, ogHocHo femty henuje. Kyuatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 Oe3 yBiaderma Tekcra. Kopuirhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3WKY, TIPYUIOXKNUTH
HasuBe Tabela U JleTeHAy Ha o0a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca iBa jesukal).

Ciuke cy cBy 00/ rpadM4Kmx OpyUIora U Kao ,,CiKe”
y CA ce 06jaBmyjy dotorpaduje, ipresxu, cxeme u rpadu-
koHM. C/MKe 03HaYaBajy ce aparcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce Ck/bydInBo
pururante ¢pororpaduje (LpHO-6eme mmm y 60ju) peso-
nyuuje HajMame 300 dpi u popmara sanca tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIET KBajuTeTa Hehe ce mprxBa-
TaTy 3a MTaMIame!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fla locTaBe guruTante pororpaduje,
OHJIa OPUTVHAJIHE CIMKe Tpeba CKeHNPATHU Y Pe3onyyjn
300 dpi M y OpUTMHATHOj BEMMYMHN. YKOIMKO je paj Heo-
IIXOJTHO 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 OuTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpanuje pasa) Mory Tpajaru 1-3
MUHyTa 1 6utn y dopmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH NTOCEOHO C/IMKY Koja Ou O¥Ia MiycTpalja BULeo-
IpyKasa y e-M37amy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOJMKO je PYKOIMC Ha CPIICKOM je3MKY, IPUIOKUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIo-
pebene o henujama. Vicre rpadukone npekonupatu u y
Word-oB oKyMeHT, Ijje ce rpadpMKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHNTH y JIeTeHU UCTION rpaduKoHa. Y MITaMIIaHoOj
Bep3Mju WIAHKa BepoBaTHIje je fa rpadukoH Hehe 6utn
IITaMIaH y 60jy, Te je 6ojbe u3beraBaty kopuinhemwe 60ja
y TpaduKOHMMA, NIV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKOMNKO je PYKOIINC Ha CPIICKOM je3UKY, IPUITOXUTH
HasuBe rpaduKOHa ¥ JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTary u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofialiy Ha CXeMU KyIajy ce y donry Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUTOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBecTu cBe capajHMKe KOju CY JOIIPU-
HeJ/ CTBapamy pajia a He NCIYkaBajy MeplIa 3a ayTop-
CTBO, Ka0 LITO Ccy 0cobe Koje 06e36ebyjy TeXxHUUKY 1O-
Moh, moMoh y nvcamy paga M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaTHa
nomoh, y 067Ky CIIOH30pCTBa, CTUIIEHM]ja, TOK/IOHa,
olpeMe, IeKOBa I Ipyro, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHiu je OITOBOPHOCT ay-
TOpA, a IUTUPAHN WIaHIM Tpeba fa Oyay Mako IPUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6ase3Ho Tpeba HaBecTyt DOI 6poj wiaHKa (jefMHCTBEHY
HIICKY KapakTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pedepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepeniu
He 61 Tpebaino fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOojeM je J03BO/beHO Jia UX Oyze go 50, m'y
MeTaaHajus3l, Ife UX je fosBosbeHo fo 100. bpoj nuTn-
paHuX OPUTMHAIHUX pajoBa Mopa 6uTy HajMamwe 80%
oJ1 YKyIIHOT 6poja pedepeHIu, OfHOCHO 6poj uuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerIefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke 1my6mm-
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Kallyje 1 WIAHIY MOTy YBPCTUTH Y pedepeHLie, ayTopu
Cy Oy>KHM a X uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT rofu-
Ha. Huje 03BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTApUCATH Pe3y/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIY QIICTPAKTa, HEOIIXOJHO je TO HaBECTU Y CAMOM
TeKCTy pajia. Pedpepeniie uranaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beHy, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby paja 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopMIcaHnM 3aXTeBMMa 3a PYKOIIVCe KOjI ce TIpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KOj je YCIIOCTaBUO
MebhyHapogHy KOMIUTET ypeJHIMKA MEANIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucre U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanyja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOr U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce IpoHahm Ha MH-
TepHeT-cTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukoM HaBobemwa nureparype
BeoMa je BaYKHO IIPUAPKaBaTHU ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHMjUX PaKTOpPa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHIX 4acOMMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caip>kut: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe y HEKOM JIPYyrOM YacoIVCy, 2) U3jaBy fa
CYy PYKOIIVC TIPOYNTAIIN ¥ OFOOPIIIN CBU ayTOPY KOjI HC-
IyHaBajy MepuIa ayTopCTBa, M 3) KOHTAKT MOjaTKe CBUX
ayropay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTi ca MHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ynotpeby miyctpanyja u objappruBame MHbOpMaLja o
HO3HATIM JbYAMMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, ITPETIUVIATA 1 HAKHAJIA 3A Ob-
PATTY YTAHKA. Jla 6u pan 6mo o6jaB/beH y qacomnucy
Cplicku apxus 3a yenokyiHo 1eKapciiéo, CBU ayTOpU Koju
Cy nexapu wim cromatonosu u3 Cpbuje Mopajy 61Ty €ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca YIaHOM
6. Craryra JIpymTea) u USMMPUTHU HaKHaJy 3a o6pamy
wiaHaka (Article Processing Charge) y ussnocy og, 3000 nu-
Hapa. AyTOpU ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
7la IIaTe HaKHa®y 3a o6pajy wiaHaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiaTa y jefiHOj KaJeHaap-
CKOj TofMHM 00yXBaTa 1 CBe HapeJHe, eBeHTYaTHe YWIaHKe,
IoC/IaTe Ha pa3Marparbe y Toj rogyuuu. CBu ayTopu Koju

IIaTe OBY HAKHA/[y MOTY, YKOIMKO TO JKeJle, la IpUMajy
MITaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja fa he pay 6utu npuxsahen
u o6jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHafle 3a 06pajly YWIaHKa He OTHOCK
ce Ha CTyfIeHTe OCHOBHMX CTY/¥ja 1 Ha TIPETIUIATHMKE Ha
Jacoruc.

YcraHoBe (TIpaBHa /TNIIA) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa (($usIdKor mmia). Y3 pyko-
mic paga Tpe6a [OCTaBUTU KOIMje YIUIATHUIIA 32 WiaHa-
PUHY U IIPeTIVIaTy / HaKHAa/y 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUAEHLIN)Y O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji1 CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opaiy WiaHKa
(y TaxBuM cry4ajeBuMa HOTPEOHO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBLE PYKOIIMCA. Pyxomnuc pajia u CBM IPU/IO3K Y3
Paji IOCTaBIbajy ce MCK/bYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YaCcOMMCa:
http://www.srpskiarhiv.rs

HATIOMEHA. Pap xoju He yicIlybaBa yclIoBe OBOT YIIYT-
CTBa He MOXKe 6utu yryheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoNyHe 1 ucnpase. [IpnpxaBameM yIyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca /1o 06jaB/biBaba pajia y 4acoIcy,
mTO he MO3UTMBHO yTULIATH Ha KBAaIMUTET WIaHAKa U pe-
TOBHOCT M3/Ta)Kerba JacoIINca.

3a cBe momaTHe MHPOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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