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MpBa cTpaHa npeor 6poja Yaconuca Ha CPNCKOM je3nKy

ARCHIVUM SERBICUM

PRO .UNIVERSA SCIENTIA ET ARTE

MEDICA RECIPIENDA

editum

A SOCIETATE MEDICORUM SERBICORUM
BELGRADENSI

curante

cjusdem societatis sodali secretario
Professore Dre VEADANO GJORGIEVIC.

LIBER PRIMUS.

BELGRADI,

in typographia principatus Serbici

1874,

The title page of the first journal volume in Latin

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

y KojeM ce 06jaBbyjy 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
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SUMMARY

Introduction/Objective Lead exposure represents one of the most important factors that affect the
general health, including oral health and it is associated with enamel and dentin tooth defects.

The aim of this paper was to determine expression of the fibronectin in the pulp of rats with experi-
mentally induced diabetes mellitus (DM), after lead exposure, by using immunohistochemical analysis.
Methods The study was conducted on 42 rats of Wistar strain. Intoxication of rats with lead-acetate was
done via drinking water ad libitum. The first group (Exp_14) consisted of 16 rats, which received lead in water
for 14 days, the second group (Exp_30) consisted of 16 rats which received lead in water for 30 days at the
same concentration (1500 ppm), while the control consisted of 10 healthy rats. Groups Exp_14 and Exp_30
were induced into DM, by using the Alloxan intraperitoneally. Pathohistological and immunohistochemi-
cal analysis determined fibronectin expression in pulp, odontoblasts, predentin and dentine of the teeth.
Results High diffuse positivity of fibronectin in group Exp_14 was noticed in 63.6% of rats, in group
Exp_30in 24% of rats, while in the control group it was noticed in 50% of rats. There was no statistically
significant difference in the expression of fibronectin between the examined groups.

Conclusion Lead intoxication through drinking water, for a period of 14 and 30 days, had effect on
the expression of fibronectin in the pulp, odontoblasts, predentin and dentin of the teeth of animals
experimentally induced DM.

Keywords: fibronectin; odontogenesis; diabetes; lead

INTRODUCTION

Exposure to lead represents one of the most
important health problems because lead affects
general health, development of bone and tooth
defects and caries formation [1].

Although lead affects the pulp tissue, the
number of studies concerning the influence of
lead on the reparative dentinogenesis is very
limited [1, 2].

Formation of dentin by odontoblasts is a ge-
netically conditioned process involving the whole
pulp-dentine complex, but it still represents an
insufficiently explained biological phenomenon
[2, 3]. During the long-term research the follow-
ing conclusion has been made: the differentiation
of new odontoblasts in the pulp is influenced by
numerous factors such as: bone sialoproteins,
calcium ions, extracellular matrix, growth factors,
fibronectin, tenascin, nerve growth factor from
the pulp or cytokines which, through the growth
factors, affect the beginning of the formation
of reparative dentine [4, 5].

Fibronectin belongs to the class of glycopro-
teins with high molecular weight and plays an

important role in regulation of cell adhesion,
migration and differentiation during developing
and reparative processes. Fibronectin surrounds
ectomesenchyme cells that polarize and secrete
mantle predentin [6].

‘While the mechanisms of periodontal diseases
associated with diabetes mellitus (DM) are largely
clarified, cell and molecular mechanisms of dental
pulp disorders associated with DM remain unclear.
Many studies have shown that the formation of
dentine in pathological conditions takes place in
genetically predetermined order, depending on
the influence of external factors that hinder or
stimulate reparative dentinogenesis. It has also
been confirmed that the structure of pathological
dentine is very similar to the structure of mantle
dentin and is most often dependent on the strength
and length of irritation [2].

Thaweboon et al. [7] examined the effect of
lead on the pulp tissue by observing the cells
of the pulp-fibroblast, human teeth in vitro.
Lead concentration significantly influenced
the increased proliferation of the pulp cells and
significantly lower protein production, procol-
lagen and osteocalcin [7, 8].
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Tziafas et al. [9] in their research explained in more de-
tails the structure of pathological dentine i.e., its first layer
(crystal zone), osteodentin tissue and tubular dentin, and
indicated that in the dentin pulp surrounding the specific
stimuli were found: TGF-f1 and fibronectin that initiate
the process of the reparative dentinogenesis.

Wieser et al. [10] in his study also confirmed that fibro-
nectin affects the pulp that differentiates in odontoblasts of a
similar cell and that growth factors influence dentinogenesis
due to the fibronectin that binds them.

Yoshiba et al. [11] examined the distribution of fibronectin
in the dental pulp by using indirect immunofluorescence,
a confocal laser scanning microscope, and observed the
presence of fibronectin in the odontoblastic layer. Leite et
al. [12] investigated tenascin-c and fibronectin expression in
the pulp after direct calcium hydroxide capping and MTA
in permanent teeth of pigs, and noticed that tenascin-C
and fibronectin expression in both groups were similar.

DM leads to numerous changes in the human body;,
mainly in the blood vessels and the nervous system, in-
cluding oral complications such as pulp microcirculation
disorders, slowing down its metabolism, and thus the
odontogenesis process [12, 13].

The aim of this paper was to use immunohistochemi-
cal analysis to determine the expression of fibronectin
odontogenesis mediator in the dental pulp of rats with
experimentally induced DM, after the exposure to the lead.

METHODS

The research was conducted after the approval of the Ethics
Committee of the University Clinical Center in Banja Luka
no. 01-9-192.2 /15, Bosnia and Herzegovina. The sample
consisted of 42 Wistar rats.

The animals were two months old with a body weight
of 150-200 g and were kept under special conditions. Rats
were kept in group plexiglass cages, at 12 hours of light
regime (07.00-19:00) at an air temperature of 22°C (+ 2)
and humidity of 60% + 10%, where they had free access to
food and water during the experiment. At the beginning
of the experiment, the individuals were separated into
appropriate test and control groups. They were given a
15-day adaptation period, after which the treatment began.
For immunohistochemical analysis, thin sections of dental
pulp soft tissue were collected on positively charged Super
Frost slides (Menzel-glaser), after which tissue sections
were deparaftinized, rehydrated, and stained by blocking
endogenous peroxidase activity. The reaction was performed
by incubating the tissue in 3% hydrogen peroxide solution
for 10 minutes at room temperature and then the hydrogen
peroxide was washed with distilled water, and the proce-
dure was continued by enzymatic unmasking of the target
antigens. The enzyme trypsin (Thermo Fisher Scientific
Fremont, Waltham, MA, USA) was used for unmasking.
Enzyme digestion was being performed for 10 minutes at
room temperature. Then tissue sections were washed with
distilled water and TBS buffer (Tris buffered saline) pH 7,4
and treated with commercial solutions to block nonspecific
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reactions: Rodent Block R (Biocare Medical, Concord, CA,
USA) for fibronectin.

On the tissues prepared in this way, immunohistochemical
detection of the target antigen was performed by horse-
radish peroxidase reaction using rabbit polyclonal Anti-
Fibronectin antibody (Rabbit polyclonal Anti-Fibronectin
antibody, PA1-23693, Thermo Fisher Scientific, Waltham,
MA, USA). The optimally diluted antibody was applied to
the tissues and allowed to stand overnight in the refrigerator
at 4°C. After incubation, the next day the excess antibody
was washed with TBS buffer (Tris buffered saline) pH 7,4.

EnVision + Single Reagents /HRP Rabbit (Dako
Corporation, Carpinteria, CA, USA) was used to visualize
fibronectin. The incubation of the polymer system lasted
30 minutes. It was performed at room temperature in a
humid chamber, after which the tissues were washed with
TBS buffer. Specific immunostaining became visible after
five minutes of incubation with 3,3 * - diaminobenzidine
tetrahydrochloride chromogen (DAB chromogen). After
washing the excess chromogen to show the complete tissue
structure, the tissue sections were contrasted with Mayer’s
Hematoxylin (30 seconds), washed with water, dehydrated
in increasing ethanol concentration (70%, 90%, and 100%),
clarified in xylene and permanently incorporated into Canada
balsam. After that, the finished preparations were analyzed
on a Leica DM2000 light microscope and photographed
with a camera connected to a microscope.

The rats were divided into two experimental groups
(Exp_14 and Exp_30) and one control group (control). The
first (Exp_14) group consisted of 16 rats (256 molars and
premolars of the upper and lower jaw) with experimentally-
induced DM that received lead in water in the course of 14
days at a concentration of 1500 ppm. The second (Exp_30)
group consisted of 16 rats (256 molars and premolars of
the upper and lower jaw) with experimentally-induced
DM that received lead in water in the course of 30 days
at a concentration of 1500 ppm. The control consisted of
10 healthy rats.

In the rats of the first and the second group (Exp_14
and Exp_30) body weight and the level of blood sugar had
been recorded before the experiment started. Using Alloxan
the first and second group of rats (Exp_14 and Exp_30)
were brought into experimentally induced DM. Alloxan
solution was administered intraperitoneally at a dose of
100 mg per kilogram of body weight of the rats. The protocol
was repeated every other day until the measured glycemic
values exceeded 200 mg/dcl. Glycemia was measured using
a device for glycemia measurement (ACCU ACEH, Roche,
Basel, Switzerland) from the blood of the tail vein.

Protocol for lead intoxication

Intoxication of adult rats with lead-acetate at a concentration
of 1500 ppm was performed via drinking water ad libitum.
Lead intoxication lasted 14 days in Exp_14, and 30 days
in Exp_30. All the procedures performed on animals were
done in accordance with the Guide for the Care and Use of
Laboratory Animals [14]. After the period determined for
intoxication by lead, animals were sacrificed and the upper
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and lower jawbones were separated from
the soft tissues and stored in the fixative
(10% neutral buffered formalin).

In the laboratory of the Department
of Pathology of the University Clinical
Center Banja Luka preparation for patho-
histological and immunohistochemi-
cal analysis was performed. The tooth
samples were painted by using standard
hematoxylin-eosin (HE) method and
analyzed by using a light microscope
(Leica DM2500, Leica Biosistems, Wetzlar,
Germany).

On prepared dental pulp tissues,
the immunohistochemical detection
of targeted antigens was performed us-
ing the reaction of horseradish peroxi-
dase applying Rabbit polyclonal Anti-
Fibronectin antibody (Rabbit polyclonal
Anti-Fibronectin antibody, PA1-23693,
Thermo Fischer Scientific Waltham, MA,
USA). For visualization of fibronectin,
EnVision + Single Reagents / HRPRabbit
(Dako Corporation, Carpinteria, CA,
USA) was used. Final preparations were
analyzed using light microscopy Leica
DM2500

Expression was determined in the pulp
(loose connective tissue of the pulp, pulp
fibroblasts), odontoblasts, predentin and
dentin (odontoblast extensions — Tomes’
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Figure 1. Cross section of the teeth of rats which received lead in the course of 14 days:
a) representation of moderate expression (grade 2) of fibronectin in cytoplasm of odonto-
blast (400x); b) representation of high expression (grade 3) of fibronectin in cytoplasm of
odontoblast (400x)

= = I s v B
Figure 2. Cross section of the teeth of rats which received lead in the course of 30 days:

a) representation of high expression (grade 3) of fibronectin in cytoplasm of odontoblast
(200x); b) representation of high expression (grade 3) of fibronectin in cytoplasm of odon-

fibers located in predentin and dentin). toblast 400x)

The expression estimation of the exam-
ined antibodies was performed in accordance with personal
semi-quantitative scale (Table 1).

Table 1. Criteria used for semi-quantification of expression

Grade | Parameter

0 | Absence of staining, all analyzed structures without staining
1 Weak or moderate, focal positivity / diffuse weak positivity
2 | High focal positivity / diffuse moderate positivity
3 Diffuse high positivity

Statistical analysis

The statistical analysis was done by using the IBM SPSS20.
The following descriptive statistical parameters were deter-
mined: frequency, percentage, arithmetic mean, standard
deviation, median, minimum and maximum. A * test was
used as the analytical statistical method (a = 0.05).

RESULTS

The results of immunohistochemical analysis are shown
in Table 2 and Figures 1, 2, and 3.

In the first experimental group (Exp_14), high diffuse
positivity of fibronectin (grade 3) was noted in 63.6% of the
cases (Figure 1), high focal positivity (grade 2) in 27.3% of

‘ DOI: https://doi.org/10.2298/SARH191022102K

Figure 3. Tooth cross section — control group; pulp, odontoblast layer,
predentin, and dentin without morphological changes can be seen
(H&E, 400x);

P - pulp; O - odontoblast layer; Pd - predentin D — dentin

the cases, weak or moderate (grade 1) in 9.1% of the cases
while absence of staining (grade 0) was not registered in
either case (Table 2).

In the second experimental group (Exp_30), high dif-
fuse positivity of fibronectin (grade 3) was noted in 24%
of the cases (Figure 2), high focal positivity (grade 2) in
48% of the cases, weak or moderate (grade 1) in 24% of

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):136-141
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Table 2. Expression of fibronectin in the study groups

with DM, especially the basement

Fibronectin expression

membrane thickening, which affects

Study groups Absence of | Weak or moderate | High focal | High diffuse | Total the leukotaxis of polymorphonuclear
staining focal positivity positivity | positivity leukocytes and cellular immune sys-
Pb 14 days n 0 ! 3 / 1 tem elements. These changes are
% 0% 9.1% 27.3% 63.6% 100% din th 1
p " p > most pronounced in the central zone
Group | Pb 30 days — ! of pulp which could be the reason
% 4% 24% 48% 24% 100% .
o 1 5 . > for the confirmed low expression of
n . . . P
Control fibronectin of high diffuse positivity
% 0% 8.3% 41.7% 50% 100% . . .
in the second group of rats in this
Total n ! 8 20 19 B Study [12, 22, 23]
% 2.1% 16.7% 41.7% 39.6% 100% Y15 25 230

There was no statistically significant difference in the expression of fibronectin between tested groups

(x> = 6.864; p = 0.345)

the cases, while the absence of staining was registered in
one case (Table 2).

In the control group in healthy rats (without hypergly-
cemia and without lead intoxication) high diffuse positiv-
ity of fibronectin (grade 3) was noted in 50% of the cases
(Figure 3), high focal positivity (grade 2) in 41.7% of the
cases, weak or moderate (grade 1) in 8.3% of the cases,
while the absence of staining was not registered in either
case. There was no statistically significant difference in
the expression of fibronectin among the examined groups
(x* = 6.864, p = 0.345) (Table 2).

DISCUSSION

DM is a condition of chronic hyperglycemia and predisposing
factor for caries, enamel hypoplasia in infants from moth-
ers with diabetes, gingivitis, periodontitis, oral candidiasis,
xerostomia and many other oral cavity diseases [15, 16, 17].

Fibronectin represents one of the most significant glyco-
proteins which has a major influence on the odontogenesis
process. It maintains the connection between cells and
components of the extracellular matrix in healthy and
infected tissues; affects the migration and polarization of
odontoblasts and is considered to be a trigger for differ-
entiation of odontoblasts [18-21].

The results of this study have shown that high diffuse
expression of fibronectin was the largest in the group of teeth
which belonged to the rats with experimentally induced
DM that were intoxicated with lead through water in the
course of 14 days. High focal expression of fibronectin was
the highest in the group of teeth of rats that were intoxicated
with lead in the course of 30 days.

These results can be explained by the fact that the group
of rats (Exp_14) received lead through drinking water in a
shorter period than the other group (Exp_30) which at a
different level stimulated the reparative dentinogenesis i.e.,
fibronectin expression. Reduced expression of fibronectin
of high diffuse positivity in the group of rats that were in-
toxicated with lead in the course of 30 days could be related
to the fact that in the case of prolonged hyperglycemia and
lead intoxication, the odontogenesis process was modified.
Previous studies confirmed that there were changes in
the small and large blood vessels in the dental pulp of rats
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High expression of fibronectin was
noted in pulp cells after non-specific
inductive effects of certain factors,
such as bacterial and mechanical
factors, on the pulp resulting in the formation of a fibro-
nectin-rich matrix. This matrix serves as a source of growth
factors, which are considered to be signaling molecules for
odontoblast differentiation which may explain fibronectin
expression in the control group of rats [19, 20, 21].

The results of this study were confirmed by Yoshiba et
al. [11] examining the distribution of fibronectin in pulp
of developing tooth and finalized growth tooth by using
indirect immunofluorescence, confocal microscopy. In the
apical region of developing tooth, fibronectin was found
within the basal membrane and in the first formed predentin
layer. A similar representation of fibronectin in the teeth
with the finished growth was noted in the odontoblastic
layer. Positive fibrous structures between odontoblasts
correspond to von Korff’s fibers and are associated with
differentiation of odontoblasts and dentinogenesis. The
authors have indicated that fibronectin was present in the
odontoblast layer throughout all phases of dentinogenesis,
which could explain its reduced expression in dental pulp
of rats with experimentally induced diabetes that were
intoxicated with lead in the course of 30 days [11].

An experimental study by Deri [23], conducted on
Wistar rats in which the hyperglycemia was experimen-
tally caused by intraperitoneal administration of alloxan,
affirmed a slower metabolism of pulp in diabetic rats than
in healthy rats and weaker effects of direct covering of
the pulp regardless of the material used, mineral trioxide
aggregate (MTA) or calcium hydroxide. In her study she
also concluded that microangiopathy in the dental pulp
is probably one of the reasons for these findings, giving
that the blood vessels with the increased lumen were
noticed on the large number of sections of the dental
pulp of rats [23].

It has been confirmed that matrix molecules, including
fibronectin, growth factors and progenitor pulp cells as well
as their interaction mainly stimulate dentinogenesis [20, 24].

Functional researches support the hypothesis that
TGE-P1 plays an important role in stimulation of odontoblast
metabolism. In in vitro conditions it passes through dental
papilla and increases the secretion of collagen type I and
fibronectin. It is considered not to affect the polarization of
peripheral cells of the dental papilla. The synthesized and
released growth factors are embedded in the dentin matrix
and remain inactive until it dissolves or demineralizes. The
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inductive influence of TGF-P1 has been noted in those
studies where heparin was replaced by fibronectin, which
also has affinity for TGF-B1 [9, 25].

Tziafas et al. [25] explained in more details the structure
of pathological dentin, which was also noted in the teeth
of rats with experimentally induced DM in this study.
The aforementioned authors observed cells different from
odontoblasts and pointed out that there were specific stimuli
— growth factor TGF-f1 and fibronectin in the pulp tissue
surrounding, which initiate and lead this process.

Ignotz and Massague [26] pointed out that the effect
of TGF-B1 on fibronectin expression was rapid, selective,
specific and stable. In the research conducted on the fibro-
blasts of 12 days old chicken embryos, a significant increase
in fibronectin has been noted in the extracellular matrix
under the influence of TGF-p1 growth factor.

In experimental research on dogs where biomatrix
within the tooth’s pulp chamber served as a sample, Tziafas
etal. [25] explained the molecular basis of induction of the
creation of reparative dentin. Namely, the pulp tissue of the
experimental animals was implanted with Millipore filter
soaked with fibronectin, which affected the formation of
dentin matrix around the implant and the appearance of
cells similar to odontoblasts. Wieser et al. [10] in their study
came to the same conclusion that the pulp cells covered
with fibronectin can be differentiated into cells similar to
odontoblasts. In this case, fibronectin binds growth factors,
in particular TGF-B1 and affects the initiation of dentino-
genesis. These findings are in accordance with the results
of our immunohistochemical examination.

Some studies showed that pulp microcirculation is an
important factor in metabolic activity and dentinogenesis
[12, 13,26, 27, 28]. Using pathohistological analysis Madani
et al. [15] studied changes in the pulp after direct cover-
ing in the Wistar rats which were induced into diabetes.
Intense inflammatory response was found in the pulp that
was covered with calcium-enriched mixture (CEM) cement
compared to the pulp of the teeth treated with MTA.
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In various phases of dentinogenesis, Linde et al. [29]
examined the expression of fibronectin by using indirect
fluorescence. Fibronectin and its expression were established
in the basement membrane between the inner enamel
epithelium and the primary dental mesenchyme and in the
predentin layer, but were not represented in the predentin
during further, circumpulpal formation of dentin. That
indicates that the fibronectin molecules were not directly
involved in mineralization. Fibronectin was localized in
the odontoblast layer.

In vivo animal models used in this study, provide an
acceptable alternative to human models, although differ-
ences between species should be taken into account while
interpreting tissue response [30].

CONCLUSION

Expression of fibronectin was higher in the group of rats
with experimentally-induced DM that received lead through
drinking water in the course of 14 days compared to the
group of rats that received lead in the course of 30 days.
Reparative dentinogenesis and fibronectin expression were
reduced under the influence of DM, but also insufficiently
stimulated in rats that had been intoxicated by lead through
drinking water for a shorter period.
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CAXETAK

YBog/LUusmb V13n10eHOCT opraHin3ma onoBy NpeAcTaBba jefaH
0f 3HauajHujux GaKTopa Koju yTnUy Ha OrLUTe 34paB/be YKIby-
uyjyhu opanHo 3ppaBJbe, Te Ma YTuLaj Ha HacTaHak rnehHmnx
1 AEHTVUHCKUX fedeKaTa.

Linmb oBor papa je 6110 Aa ce IMyHOXUCTOXEMUJCKOM aHaIM30Mm
OAPEeAV eKkcripecuja Meavjatopa ofoHToreHe3e pUOPOHEKTVHa
y nynnu 3y6a naijoBa ca eKnepuMeHTasHO 13a3BaHuM ujabe-
TECOM MeNIUTYCOM, MOCJIe U3Narama }41BOTHHbA O0BY.
MeTtopge VicTpaxkuBare je cnpoBefeHo Ha 42 nauoBa coja
BUCTap. IHTOKCMKaLvja agynTHYX MaLoBa ONIOBHUM aLeTaToM
je ypaheHa nyTtem Boge 3a nuhe ad libitum. MNpBy ekcneprmeH-
TanHy rpyny (Exp_14) unHuno je 16 nauoBa Koju cy fobujanu
onoso y Boau 14 pana, apyry rpyny (Exp_30) 16 nawioBa Koju cy
nobujanv onoso y Boan 30 AaHa y UCToj KoHUeHTpauuju (1500
ppm), [OK je KOHTPONHY rpyny YnHuno 10 3npaBux NaLoBa.
lpyne nauoBa Exp_14 v Exp_30 cy yBefieHe y anjabetec me-
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JIMTYC NOMORY pacTBOPa afoKCaHa, Koju je anjmkoBaH UHTPa-

nepuTOHeanHo. MaToxXMCTONOLWKOM 1 UMYHOXNCTOXEMI]jCKOM
aHanu3som ofpehuBaHa je ekcnpecuja GnbpoHeKTMHa y nynnu,
OAOHTOBNACTNMA, NMPEefEHTHHY U AEHTUHY 3y6a eKcnepumMeH-

TaTHUX XKNBOTUHA.

Pe3syntatu Bucoka andysHa nosntmBHOCT GUOPOHEKTMHA Y
rpynu Exp_14 je youeHa y 63,6% cnyyajeBa, y rpynu Exp_30

y 24% cnyyvajeBa, [OK je y KOHTPOJIHOj rpynu youeHa y 50%

cnyyajeBa. Huje youeHa CTaTUCTUYKM 3HaYajHa passinka y eKc-
npecujy pubpoHeKTHa n3mehy NcnNUTMBaHWX rpyna.
3aK/byyakK VIHTOKCuKauvja onoBom nyTem Bofe 3a nuhe, y
nepuogy og 14 v 30 faHa, UMana je yTuuaj Ha ekcnpecujy Gpu-
6poHeKTUHa y Nynnu, ofoHTObNacTMa, NPEeAEHTUHY U IeHTUHY
3y6a XMBOTH>A Ca EKNEPUMEHTASTHO 3a3BaHUM AujabeTecom
MennTyCcoMm.

KrbyuHe peun: pUOPOHEKTIH; OfOHTOreHe3a; AnjabeTec; 0NoBO
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SUMMARY

Introduction/Objective Aggressive periodontitis (AP) is a progressive disease that damages the peri-
odontal tissues.

The aim of the study was the analysis of intracellular enzymes: aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (ALP), acid phosphatase (ACP) and electrolytes in the saliva
of patients with AP and their correlation with clinical parameters before and after the therapy.
Methods The study included 30 patients with AP (experimental group) and 35 patients with healthy
parodontium (control group). Intracellular enzymes and electrolytes were analyzed in an unstimulated
saliva of subjects with AP, before and after the therapy and in saliva of the control group. The analysis of
biochemical markers was carried out using kinetic methods with commercial reagents.

Results Concentrations of the biochemical markers AST (28.18 + 25.16), ALT (5.48 + 5.14), ALP (31.13 + 37.79),
ACP (17.53 + 14.77), calcium (2.80 £ 1.97), phosphate (4.43 + 1.92) in the saliva of subjects of the experi-
mental group were statistically significantly higher in relation to the control group (p = 0.000; p = 0.001).
Significant correlation was found between AST values, debris index (p =-0.444; p = 0.026) and calculus
index (p =-0.513; p = 0.009), and between the plaque index and ALP level in the saliva after therapy
(p = 0.020).

Conclusion The investigation will contribute to a better understanding and standardization of biomarkers
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in the saliva that mayhelp in diagnosing the AP and evaluation of the applied therapy.
Keywords: aggressive periodontitis; intracellular enzymes; saliva

INTRODUCTION

Aggressive periodontitis (AP) is a disease fol-
lowed by rapid and severe destruction of the
periodontal tissue. Destruction of the peri-
odontal tissue begins in the area of the first mo-
lars and incisors, and with aging it can involve
the periodontium of adjacent teeth. It affects
the peridontal tissue of at least three permanent
teeth, except the first molars and incisors [1].
In the etiology of AP, virulence factors of
microorganisms in dental biofilm play a key
role including the presence of risk factors and
genetic predisposition. In the periodontal le-
sions, Aggregatibacter actinomycetemcomitans
is a major causative agent, and its role is in reg-
ulating the inflammatory response in the ag-
gressive periodontal inflammatory process [2].
The diagnosis of AP is based on patient’s
medical history, clinical examination and ra-
diographic analysis [3]. However, all these di-
agnostic methods tell us about the disease only
when there are clear clinical symptoms. Thus,
in most cases, the disease has already signifi-
cantly advanced at the time of the diagnosis.

Over the past two decades, with the progress
of technological development, saliva has in-
creasingly been analyzed as a sample of biologi-
cal material, which might be used to establish
diagnosis and to clarify the pathogenesis of oral
diseases. It provides evidence and gives useful
information on various enzymes and biomol-
ecules, the indicators of pathological processes
in periodontal tissue [4, 5]. Literature data show
that the concentration of intracellular enzymes
responsible for the metabolic processes in the
cells has been significantly increased in the
saliva of patients suffering from periodontitis
compared to healthy subjects [6].

The objective of this study was to analyze
the activity of intracellular enzymes of aspar-
tate aminotransferase (AST), alanine amino-
transferase (ALT), acid phosphatase (ACP)
and alkaline phosphatase (ALP), and calcium
and phosphate concentrations in the saliva of
patients with AP, before and after the therapy,
as well as and correlation of the mentioned bio-
chemical markers with clinical indicators of the
condition of periodontal tissues.
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METHODS

The study included 65 subjects.The experimental group
consisted of 30 patients suffering from AP who were com-
ing to the Clinic for Periodontology and Oral Medicine at
the Military Medical Academy in Belgrade.The control
group consisted of 35 subjects with the clinically healthy
periodontium. The study excluded all persons who had
a systemic illness, used medicines that could impair the
condition of periodontium, consumed alcohol, as well as
females during the pregnancy, lactation or menstrual cycle.

Clinical evaluation of the periodontal tissue condi-
tion was performed of the following parameters: gingival
index (GI), plaque index (PI), probing depth (PD), de-
bris index (DI), calculus index (CI), bleeding index (BI).
Measurements were performed usingthe dental mirror
and graduated periodontal probe (Periodont Sex Cp 11).

Patients suffering from AP underwent, a basic / causal
therapy, such as: removal of soft deposits with brushes and
the Vantal (Galenika) toothpaste, removal of supragingi-
val deposits (supragingival calculus) with the ultrasonic
apparatus (Kavo, Sonicflex 2000 N, Biberach an der Riss,
Germany), removal of subgingival deposits and treatment
of the tooth root with special curettes (Gracey, Kohler,
Austria). The free content of the periodontal pocket was
removed by washing with chlorhexidine digluconate (12%).
After clinically visible signs of inflammation reduced, a sur-
gical intervention was performed (Modified Widman flap
surgery). Eight weeks (two months) after basic and surgical
therapies were performed, clinical parameters were again
measured to determine the condition of periodontal tissues.

Determination of levels of intracellular enzymes
and electrolytes in saliva samples

From the patients (control and experimental groups), dur-
ing the first visit, samples of mixed unstimulated saliva were
taken using special tubes (Salivette; Sarstedt AG & Co. KG,
Niimbrecht, Germany). Eight weeks after the basic and surgi-
cal therapy, saliva samples were taken only from the experi-
mental group.According to the protocol, saliva was taken in
the morning hours at the same time.Centrifugation of sam-
ples lasted 10-20 minutes at 3000-5000 rpm and there after
they were deposited at -80°C until the beginning of analysis.

The activity of enzymes in the saliva was determined
by kinetic methods on the spectrophotometer (Secomam
Basic, Ales, France) with commercial reagents (Human,
Wiesbaden, Germany). Concentrations of calcium and phos-
phate in unstimulated saliva were determined by a colori-
metric method, commercial reagents (Human, Germany)
were used. All analyses were done in the Laboratory for
Biochemistry and Hematology at the School of Dental
Medicine Belgrade, according to the recommendations of
the International Federation for Clinical Chemistry, IFCC.

Statistical analysis of data

In order to perform necessary statistical testing, IBM SPSS
Statistics for Windows, Version 27.0 (IBM Corp, Armonk,
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NY, USA) was used. All variables were described by mea-
sures of central tendency and measures of variability:
mean, median, standard deviation, minimum and maxi-
mum values.

To test the difference between subjects in the observed
groups, the Mann-Whitney U test was used for the non-
parametric data and the t-test for independent samples for
the parametric data. The Wilcoxon test was used to com-
pare the values of the observed clinical and biochemical
parameters before and after the therapy. The correlation
between clinical and biochemical parameters was exam-
ined by the Spirman’s correlation coefficient.

The factors of difference between the subjects with
healthy parodontium and the patients with AP disease
were established by logistic regression analysis. Statistical
significance was defined as p < 0.05. The study was ap-
proved by the Ethics Committee of the Faculty of Medical
Sciences, University of Kragujevac (No. 01-4798).

RESULTS

Descriptive characteristics of the subjects

The basic descriptive data of the subjects in the control and
experimental groups are shown in Table 1.

Table 1. Descriptive characteristics of the subjects in the control and
experimental groups

Patients’ Control Experimental
characteristics group group L
Significance
Number 35 30
of patients (n)
Age (X £ SD 27.06 £ 3.72 4230+ 7.69 —0.000*
(Med,, min-max)) | (26;22-38) | (40;30-57) | P=%
Male 12 (34.3% 18 (60%
Seox ( 6) (60%) b= 0038
n (%) Female 23 (65.7%) 12 (40%)
i Yes 5(14.3% 15 (50%
Smo(l)(lng ( 0) (50%) b= 0.002%
n (%) No 30 (85.7%) 15 (50%)

*statistically significant difference (p-value < 0.05)

The control group included 35 subjects, with an aver-
age age of 27.06 + 3.72 years. In the experimental group
30 subjects had AP, average age was 42.30 £ 7.69 years, 18
were males (60%) and 12 females (40%).

Intergroup analysis found that male subjects were sta-
tistically significantly more represented in the group of
patients with AP than in the control group (p = 0.038;
Table 1). The average number of years statistically signifi-
cantly differed between the groups, and the subjects in the
experimental group were older than those in the control
group (p = 0.000; Table 1).

Analysis of clinical parameters of subjects
diagnosed with AP before and after the therapy

By analyzing the obtained results, a statistically significant
correlation between the mean values of the clinical pa-
rameters of patients with AP, before and after the therapy
(p = 0.000; Table 2) was established.
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Table 2. Values of clinical parameters in the group of patients with
aggressive periodontitis before and after the therapy

Popovi¢ Z. et al.

100.00

Clinical Aggressive periodontitis i
parameters ianifi
X +SD Significance &
(Med., min—max) Before therapy | After therapy ::j_; -
>
1.66 +0.65 0.82+0.56 _ % ksl
@ (2,025-25) | (0.940-1.75) | P =0000 b
<
169 +0.71 0.97 +0.51 _ .
P (2,025-271) | (1;025-2 | 2P=0000 Ao
1.47 +0.66 0.66 + 0.39 B .
Bl (15,025-2.14) | (0.79;0-12) | P =0000 - _
+1.08 2,08+ 0.98 experimental group control group
PD 2051 08£098 | p—0000*| ‘ o
(5; 3.8-6.95) (4;2.8-5.9) Figure 1. Value of aspartate aminotransferase (AST) in saliva of control
14+061 0.59+0.36 B " and experimental group before the therapy
bl (15:025-22) | (0.68;0-1) | 2P=0000
0.02+0.71 0.1+0.14 _ "
“ (0;0-0.25) (0;0-05 | aP=0000 -

Gl - gingival index; Pl - plaque index; Bl - bleeding index; PD - probing depth;
DI - debris index; CI - calculus index;

*statistically significant difference;

“Whilcoxon test

Two months after the therapy a statistically significant
decrease in the value of all observed clinical parameters

was noticed, i.e., there was an improvement of periodontal
health.

Correlation of biochemical markers values in the
saliva between the subjects of the control group
and patients with aggressive periodontitis before
and after the therapy

The activity of intracellular enzymes in the unstimulated
saliva of the patients with AP was different from the one
in the control group (Table 3).

Table 3. Values of biochemical markers in the saliva of healthy subjects
and patients with aggressive periodontal disease before and after the
therapy

Biochemical Aggressive periodontitis o

markers Before therapy After therapy Significance
AST(UL) %18 '71.58; 12 —Ség) (12.69'3;711.-7313—';6) ap =0.845
ALT (UIL) ey eS| ap=04a2
AP 38.13'25;37%5397—'17?8) (1 ;.79.2;13%5;1—218.0) ap=0.100
CalmmolL)| ) 675 0.66-1031)| (213 074-1548) | P =643
ity | SEER STR m
R P3G 7 e

AST - aspartate aminotransferase; ALT - alanine aminotransferase; ALP - alka-
line phosphatase; ACP - acid phosphatase;

*statistically significant difference;

aWhilcoxon test;

bt-test for bound samples

AST was decreased in subjects with AP (28.18 + 25.16 U/L)
compared to the subjects in the control group (29.2 +
32.67 U/L), but without statistical significance (Figure 1).
In contrast to AST, the ALT level in the saliva of subjects
in the experimental group (5.48 + 5.14 U/L) was statis-
tically significantly higher than in the saliva of subjects
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Figure 2. Alanine aminotransferase (ALT) level in the saliva of subjects
in the experimental group is statistically significantly higher than in
the saliva of subjects with healthy parodontium
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Figure 3. Value of alkaline phosphatase (ALP) in saliva of control and
experimental group before the therapy
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Figure 4. Value of acid phosphatase (ACP) in saliva of control and
experimental group before the therapy

with healthy parodontium (2.40 + 2.51 U/L) (p = 0.000;
Table 3; Figure 2). Mean values of the activity of the en-
zymes ALP (31.13 £ 37.79 U/L), ACP (17.53 £ 14.77 U/L)
in the saliva of subjects in the experimental group were
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Figure 5. Concentration of calcium in saliva of control and experimen-
tal group before the therapy
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Figure 6. The concentration of phosphate in the experimental group
was statistically significantly higher than in the control group

higher compared to the subjects in the control group
(18.31 +12.39 U/L, 15.62 + 8.52 U/L), but without statis-
tically significant difference (Figures 3 and 4). The mean
calcium concentration in the saliva of the subjects in the
experimental group (2.80 + 1.97) was higher compared

Table 4. Correlation of the values of clinical parameters and biochemical markers in the

saliva of subjects with aggressive periodontitis before the therapy

to the subjects in the control group (2.25 + 0.69) (Figure
5). Unlike calcium, the mean concentration of phosphate
in the experimental group (4.43 * 1.92) was statistically
significantly higher than in the control group (3.87 + 1.31)
(p = 0.001; Table 3; Figure 6).

Eight weeks after the basic and surgical therapy, the
activity of the enzymes (AST, ALT, ALP, ACP) in the saliva
of the subjects with AP was reduced but without statistical
significance (Table 3).

Correlation of clinical parameter values and
biochemical markers in patients with aggressive
periodontitis before the therapy

Analyzing the interconnection, no statistical correlation
was found between the values of GI, PD, PI, Bl and the val-
ues of the analyzed markers (AST, ALT, ALP, ACP, Ca, P) in
the saliva of subjects with AP, before the therapy (Table 4).

However, the Spirman correlation test showed a statisti-
cally significant correlation between the AST values in the
saliva and DI values (q = - 0.444; p = 0.026) and CI values
(p=-0.513; p = 0.009). The coefficient of correlation shows
that with the increase in the values of CI and D], there is
a decrease in AST values in the saliva of patients with AP
before the therapy (Table 4).

Correlation of the values of clinical parameters and
biochemical markers in patients with aggressive
periodontitis

No statistically significant relationship was found between
the values of clinical and biochemical parameters, in the
saliva of the experimental group after the therapy. Unlike
these data, a statistically significant corre-
lation was observed between the PI value
and the ALP level in the saliva (p = 0.020;

Biochemical | Gingival | Plague | Bleeding | Probing Debris Calculus Table 5). By the univariate regression analy—
markers index index index depth index index sis, the ALT has been found as statistically
AST p=-0.326 | p=-0.236 | p=-0.280 | p=0.076 | p=-0.444* | p=-0513%|  significant, thereforethe elevated values of
ALT 0=0.023 | p=-0.063 | p=-0.071| p=0.147 | p=-0.024 | p=-0.063 this enzyme are always present in patients
ALP p=-0.167 | p=-0.035|p=-0.043 | p=0.140 | p=-0.112 | p=-0.069 with AP.

Ca p=-0.143 | p=0.010 | p=-0.069 | p=0.167 | p=-0.109 | p=-0.080

P 0=-0.285 | p=-0.029 | p=-0.147 | p=-0.002 | p=-0.248 | p=-0.238

ACP p=-0.205 | p=0.086 | p=-0094| p=0.110 | p=-0.178 | p=-0.156 DISCUSSION

ALT - alanine aminotransferase; ALP - alkaline phosphatase; ACP - acid phosphatase;
p - Spirman’s coefficient of correlation; AST - aspartate aminotransferase;
*statistically significant linkage

Table 5. Correlation of the values of clinical parameters and biochemical markers in the

saliva of patients with aggressive periodontitis after therapy

In patients with AP, the condition of peri-
odontal tissues before and after the therapy
was analyzed, based on the values of clinical
parameters and the presence of biochemical

Biochemical | Gingival Plaque | Bleeding | Probing Debris Calculus markers in the saliva.
markers index index index depth index index . . . . .
During the periodontal infection, various
AST p=-0010| p=0.078 | p=0.057 | p=0309 | p=0.238 | p=0.165 1 .
AT —0118] p=0089 | p=0080 | p=-0.125| p=0097 | p=0185 enzymes from stromal, epithelial and in-
AL e o '394 o ;163* — 0'327 o '01 s oo 0 180 oo 0.058 flammatory cells are released into the saliva,
o Z - 0204 Z__ 0293 g - 0043 z - 0094 F;__ 0238 E - 01,3 | gingival fluid and blood [7, 8]. Chambers et
=0. =0. =0. =0. =0. =0. L lished the fi hat indicat-
P p=0.086 | p=-0.062 | p=-0.053 | p=0.158 | p=-0.259 | p=0.024 ad ] Pub 18 efl tt E lzisst ;tludylt 'at 1r.1d1Fat1
ACP p=-0062| p=0.166 | p=-0027 | p=0247 | p=-0.157 | p=0.196 | CC anincreaseinthe evels i gingiva

p - Spirman's coefficient of correlation; AST — aspartate aminotransferase;

ALT - alanine aminotransferase; ALP - alkaline phosphatase; ACP - acid phosphatase;

*statistically significant linkage
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fluid in dogs during the experimental peri-
odontitis. Since that time, many research-
ers have found that the AST activity in the
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saliva is proportionate to the degree of tissue damage dur-
ing the chronic periodontitis [10, 11] and gingivitis [12].
Due to the pathological process in periodontal tissues, the
integrity of the cells is impaired, the permeability of their
membranes is disturbed, and thus the AST is increasingly
released from the cytoplasm into the saliva. Also, the AST
values in the saliva [13] and gingival fluid [14] were in
correlation with the values of the Community Periodontal
Index of Treatment Needs. Our study has not proved that
there is a correlation between the values of clinical param-
eters and the AST activity in the saliva.

In patients with chronic periodontitis, three months
[11] or one month [12], after the basic therapy, there was
a decrease in the AST levels in the saliva. Similar results
were obtained in the gingival fluid [14]. Results of this
study indicate that the mean value of the AST activity in the
saliva of patients with AP was reduced two months after the
basic and surgical therapy. Some authors believe that the
decrease in AST activity in the saliva after the periodontal
therapy, is a consequence of periodontal tissue reparation
[8, 15]. In our study, in patients with AP, the mean PD was
5.05 + 1.08, but there was a PD decrease (4.08 + 0.98), after
the basic and surgical therapy. This decrease in the PD
was followed by a decrease in the AST levels in the saliva,
but without statistical significance. After the mechanical
therapy, in subjects with the chronic periodontal disease
the decrease in AST activity was in correlation with the
GI values and depth of the periodontal pocket [11]. The
reduced GI value and AST levels indicate that the gingival
health has improved [16]. In contrast to these studies, the
AST level in the gingival fluid [17] and saliva [18] was not
in correlation with the GI and PI values. Similar results
have been obtained in our research. However, we have
observed a statistical correlation between the increase in
the DI and CI values and the decrease in the AST activity.
The reason is in that the dental deposits are a predisposing
factor which can lead to the development of gingivitis and
periodontal disease.

Unlike the AST, the mean value of ALT (5.48 + 5.14 U/L)
in the saliva of experimental group was statistically signifi-
cantly higher than in the control group (2.40 + 2.51 U/L)
(p = 0.000). By univariate analysis, it was found that the ele-
vated ALT levels in the saliva are always present in subjects
suffering from AP. In addition, this enzyme can be an in-
dicator of the damage degree to the gingival tissuebecause
the GI values were increasing linearly with increasing ALT
levels in the saliva [10]. Also, in patients with chronic peri-
odontitis and gingivitis, a correlation was found between
the ALT level and the values of the depth of periodontal
pocket, the level of clinical attachment and the number of
periodontal-pathogenic bacteria in the saliva [15]. Data
of this study indicate that there is no statistical correla-
tion between the ALT levels and clinical parameter values.
After applying the conventional therapy, in patients with
chronic periodontitis, the level of ALT in the saliva [10]
was significantly reduced. This is in line with our results.
For the stabilization of periodontal tissue in patients with
AP, it is necessary to apply the mechanical/surgical and
antimicrobial treatment over a longer period [19]. Thus,
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the appropriate periodontal therapy for AP significantly
changes the condition of the supporting structure of teeth,
resulting in the level of ALT in the saliva. The authors
consider that intracellular enzymes, especially the ALT,
can serve as biochemical markers of acute damage of soft
periodontal tissue during AP.

The ALP is an enzyme that catalyses the hydrolysis of
the monophosphate ester bond in the alkaline environ-
ment. Its increased presence in the saliva reflects changes
during the inflammation and destruction of periodontal
tissue [20]. In the localized and generalized form of AP,
a positive correlation between the pathological changes
in periodontal tissues and the ALP concentration in the
gingival fluid was demonstrated [21]. In our study, statisti-
cally significantly higher ALP values were measured in the
group of subjects with AP compared to those with a healthy
periodontium. Also, compared to healthy subjects, the level
of ALP in the saliva and gingival fluid was increased in pa-
tients with chronic periodontitis [22, 23, 24]. The authors
believe that, due to the tissue inflammation, there was an
accumulation of polymorphonuclear leukocytes (PMN)
that release the ALP into oral fluids [24]. Another study
demonstrated a greater ALP activity in the gingival fluid in
cases of chronic periodontitis, compared to patients with
AP [24]. This is probably due to an impaired PMN func-
tion in patients with AP. In line with the intensity of the
pathological process in periodontal tissue, the release of
ALP also correlated. In patients with chronic periodontitis,
the GI values and the depth of the periodontal pocket were
statistically correlated with the level of ALP in the saliva
and gingival fluid [10, 25]. The authors believe that the
ALP enzyme can be a predictor of progression of periodon-
tal diseases. In our investigation, no statistical correlation
was found between the values of clinical parameters and
the ALP concentration in the saliva.

After the basic and surgical therapy, the mean values of
the ALP concentrations in the saliva of patients with AP
(17.61 + 11.38) were lower than the mean value of concen-
tration (31.13 £ 37.79) before the therapy. Similar results
were obtained in the gingival fluid in subjects with AP
and patients with chronic periodontitis, after nonsurgical
treatment [24, 26]. The authors believe that the reduction
in ALP levels in the saliva can be a useful biomarker to
monitor the effectiveness of the applied therapy.

In this study, the ACP as an important marker of re-
modelling the bone tissue was analyzed in saliva. The mean
value of the ACP enzyme activity (17.53 £ 14.77 U/L) in the
saliva samples of AP subjects was higher than the mean val-
ue in the control group (15.62 + 8.52 U/L). Similar results
were obtained in subjects with chronic periodontitis [10].
As periodontal disease is progressing, destructive processes
develop in the alveolar bone, and ACP is released as a result
of an increased osteoclastic activity [22]. Our results show
that the ACP activity in the saliva of patients with AP was
reduced, two months after the basic and surgical therapy,
but without a statistical correlation. Reduction of the ACP
levels in the saliva after the conventional periodontal ther-
apy with a statistically significant correlation was observed
in subjects with chronic periodontitis [10, 22].
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Changes in the macro and trace element composition of
saliva might be indicative for pathological changes in peri-
odontal tissues [27]. Based on literature data, increased
concentrations of calcium and phosphate in the saliva are
the risk factors for the development of periodontitis [28].
Various studies have shown an increased concentration
of calcium in the saliva of patients with chronic peri-
odontitis compared to the group of subjects with healthy
periodontium [27]. Also, our results demonstrate an in-
creased calcium concentration in the saliva of subjects
with AP, which is in agreement with other studies [27, 29].
Unlike the calcium concentration, a statistically higher
phosphate concentration in the saliva of subjects with AP
(4.43 £ 1.92) was observed compared to the subjects in
the control group (3.87 + 1.31). It has been proven that
with the progression of periodontal disease, the levels of
calcium and phosphate in the saliva are correlated with
the values of clinical parameters (PI and GI) [29]. This
is contrary to our results because the calcium and phos-
phate levels in the saliva were not in the statistical cor-
relation with clinical parameters of the subjects with AP.
Increasing the concentration of electrolytes in the saliva
leads to mineralization of the dental plaque (tooth stones),
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which makes it difficult to clean, especially in the area of
periodontal sulcus.

CONCLUSION

Based on the obtained results, it can be concluded that the
increased level of intracellular enzymes (AST, ALP, ALT,
ACP) in the saliva of patients with AP is aconsequence of
release from damaged cells and / or metabolic changes in
periodontal tissues. After the basic and surgical therapy, the
values of these enzymes were reduced, and thus they can
be used to evaluate the effectiveness of the applied therapy.
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AHanu3a 6uoxemmjcKMX MapKepa y N/byBauku U Kopenauuja ca KNIMHUYKUM
napameTpuma Kog 06onenunx og arpecusHe NapoAoHTONaThje, Npe U nocne

Tepanuje

*KaHa Monosuh', BpaHko [oxuh?, Mapko Monosuh', Pagmuna O6pagosuh?, Meax Joxuh3

'"YHusep3uteT y KparyjesLiy, Gakyntet meamUMHCKUX Hayka, KparyjeBal, Cpbuja;

?Ynusep3utet y beorpapy, Cromatonowku dakyntet, Opesberbe 3a natonorujy, beorpag, Cpbuja;

3YHuBep3uTeT y beorpagy, CromatonoLuku akyntet, Onesberbe 3a 6uoxemujy, beorpag, Cpbuja;

*YHuBep3auTteT y Huwy, MeauumuHckn dakynteTt, Ofiesbetbe 3a MapoAaoHTONOrjy 1 opanHy MeauuuHy, Huw, Cpbuja

CAMETAK

YBoa/Uum ArpecnsHa napopoHTtonatuja (All) je nporpecnsHo
oborbere Koje foBoAM [0 owTehera MapoJOHTaNHUX TKUBA.
Linrb uctpaxnsarma 6110 je aHanusa MHTpahenmnjckmnx eHsnma
acnapTaT-amrHoOTpaHcdepase, anaHH-aMMHOTpaHchepase,
ankanHe ¢pocdarase, kucene pocdarase 1 enekTponuta (Kan-
umjyma, docdarta) y nibyBaukuy ncnutaHuka ca All n krxoBa Ko-
penauuja ca KNMHWYKMM NapamMeTprma, Mpe 1 Nocse Tepanyje.
MeTtope papa Y ctyanjy je ykibyueHo 30 nayujeHata ca All
(ekcnepumeHTanHa rpyna) 1 35 ncnutaHvika ca 3gpaBuM na-
poAoHUMjyMOoM (KOHTponHa rpyna). iHTpahenujckn eHsumum
(acnapTaT-amvHoTpaHcdepase, anaHMH-aMUHOTPaHChepase,
ankanHe docdatase, Kucene docdatase) n enekTpoNNUT (Kas-
umnjym, pocdatin) aHanusmpaH cy y HECTUMYNCAHOj NibyBayKu
ucnuTaHvka ca All, npe u nocne Tepanuje (6as3nuHe v Xupyp-
LIKE) 1 Y y30pLMMa MibyBayke UCMIUTaHMKa KOHTPOSHE rpyne.
AHanm3a 61MOXeMMjCKUX MapKepa je BpLeHa KMHETUYKIM Me-
Tozama, nomohy KomepLUjanHUX peareHaca.

Pe3yntatu KoHLueHTpaLuje 6roxeMujcknx mapkepa acnaptat-
amyiHoTpaHcdepase (28,18 + 25,16), anaHUH-aMMHOTPaHCde-

DOI: https://doi.org/10.2298/SARH200205103P

pase (5,48 £ 5,14), ankanHe dpocdatase (31,13 + 37,79), kucene
docdaraze (17,53 + 14,77), kanumjyma (2,80 + 1,97), docdata
(4,43 £ 1,92) y nybyBayKM NCMMTaHKKa eKCepUMEHTaHe rpyne
6uvne cy CTaTUCTMUKM 3HauajHO Behe Yy 0f4HOCY Ha KOHTPOMNHY
rpyny (p = 0,000; p = 0,001). BpegHOCTY KNMHUYKIMX Napame-
Tapa Cy bune CTaTUCTUYKM 3HaYajHO HUXe HAaKOH CNPOBEAEeHe
napogoHTanHe Tepanuje (p = 0,000). CnupmaHOBUM TECTOM
yoUeHa je CTaTMCTUYKa Kopenalmja n3mehy BpeaHOCTY acnap-
TaT-aMMHOTPaHchepase 1 BpegHOCTU MHAEKCa MEKMX Hacnara
(o =-0,444; p = 0,026) 1 nHAeKca YBPCTMX Hacnara (p =-0,513;
p =0,009). HakoH Tepanuje je nocTojana Kopenauuja nsmehy
BPEAHOCTM MNaK MHAEKCa 1 HUBOA ankasHe docdartase y niby-
Bayku (p = 0,020).

3akmyuak CnpoBefieHo NCTpaxmBatbe fonpuHehe 6omem
pasymeBatby v CTaHAAPAM3aLMj1 BrioMapKepa y NibyBayKy Koju
6V nomMorny y AnjarHoCTMKOBakby 1 npahery cnpoBefeHe Ta-
panuje kof obonenvix og Arll.

KmbyuHe peumn: arpecrBHa napopoHTonatuja; MHTpahenmjckm
€H3UMW; NJbyBayKa
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Effects of the light tip position on the degree of
conversion and dentin bond strength of a universal
adhesive

Vojislav Komleni¢, Vesna Mileti¢
University of Belgrade, School of Dental Medicine, DentalNet Research Group, Belgrade, Serbia

SUMMARY

Introduction/Objectives To measure the degree of conversion (DC), immediate and long-term micros-
hear bond strength (uSBS) to dentin of a universal adhesive relative to the light tip position and adhesive
application protocol.

Methods Mid-coronal flat dentin of 48 human third molars was exposed and split in halves. Single Bond
Universal (SBU; 3M) adhesive was applied to each half following ‘total-etch’ (TE) or ‘self-etch’ (SE) approach.
Depending on the light tip (Bluephase G2, Ivoclar Vivadent, Schaan, Liechtenstein) angle and distance
from adhesive surface, three groups were compared:“1 mm_90°” (control); “8 mm_90°" and “8 mm_60°".
Cylindrical composite build-ups (21.7mm, Filtek Z250, 3M) were prepared in each half. DC was measured
using Raman spectroscopy. uSBS was measured after 24 hours and six months storage in distilled water
at 37°C. Fracture types were analyzed.

Results No significant difference in DC was detected between groups “1 mm_90°” (89.1 + 6.2%) and “8
mm_90°" (94.6 + 1.2%) (p > 0.05), both showing significantly higher DC (p < 0.05) than “8 mm_60°" group
(74.9 £ 9.5%) (p < 0.05). Initially, there were no significant differences in pSBS between groups (p > 0.05).
Group “1 mm_90°"TE (12.8 + 4.3 MPa) and group “8 mm_60°"TE (14.7 £ 5.7 MPa) showed significantly
lower uSBS after aging (8.4 + 4.3 MPa and 9.2 + 2.6 MPa, respectively) (p < 0.05). Adhesive fractures were
predomintantly detected.

Conclusion Initially, both application protocols resulted in similar bond strength to dentin of a universal
adhesive in suboptimal curing conditions. In the long-term, SE showed greater adhesive resistance to
degradation resulting in smaller decrease in bond strength compared to TE. Light tip angulation affected

DC and pSBS more than tip-to-surface distance.

Keywords: adhesive; scotchbond; degree of conversion; bond strength; light

INTRODUCTION

Over the past few years, “universal adhesives” also
known as “multi - mode adhesives” have been
implemented in the dental practice. According
to manufacturers, one of the most important
benefits of universal adhesives is their versatil-
ity, as indications for use include bonding to
tooth tissues but also to materials for indirect
restorations, zirconia, glass-ceramics, and alloys.
Furthermore, universal adhesives are recom-
mended with any of the three currently accepted
protocols for application to dental tissues: total-
etch (TE), self- etch (SE) and selective — etch.

Two recent reviews concluded that mild uni-
versal adhesives yield the best results following
a selective-etch protocol i.e., when adhesive is
applied to previously acid etched enamel and
un-etched dentin, but with limited success on
indirect subtrates [1, 2]. Dentin etching with
phosphoric acid as used in the TE protocol
may improve bonding of ultra-mild universal
adhesives, i.e., those with pH of > 3 compared
to the SE protocol [1].

Enamel etching improves immediate and
long-term bond strength of universal adhesives
[1]. The same beneficial effect of enamel etching
with phosphoric acid is evident for universal

adhesives, as was previously seen with other
adhesive groups [3]. As would be expected, long-
term bonding to dentin is not so consistent and
depends on adhesive pH [1]. Mild adhesives with
pH between 2 and 3 showed greater degradation
resistance irrespective of the application protocol
than ultra-mild and intermediately strong which
were associated with significantly reduced bond
strength after aging [1]. Dentin etching has
shown a detrimental effect on adhesive bond
strength of several universal adhesives [4, 5].
Collagen degradation and resin hydrolysis were
associated with biodegradation of universal
adhesives and the resulting decrease in bond
strength to dentin [4].

It is widely accepted that curing regimes,
characterized by such factors as light irradiance,
curing time and distance, affect curing efficiency
in all light-cured materials. Light energy is di-
rectly related to the degree of conversion (DC)
of light-cured resin-based materials, as shown
on a model BisGMA/TEGDMA composite [6].
In clinical conditions, curing characteristics,
especially the distance and tilt angle of the light
tip from the material, may vary considerably,
thus influencing light energy delivered to the
material. Apart from various clinical conditions
hampering an ideal position of the light source,
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Table 1. Materials used in the study

Komleni¢ V. and Mileti¢ V.

Material

(Code) Manufacturer

Type

Composition

Single Bond Universal (SBU) Universal adhesive

3M ESPE, St. Paul,
MN, USA

BisGMA, HEMA, DMDMA, ethanol, water, reaction products with
1,10-decanediol and P205, silane treated silica, copolymer of
acrylic and itaconic acid, camphorquinone, dimethylaminoethyl
methacrylate, ethyl-dimethyalaminobenzoat

Microhybrid
composite

Filtek 2250 (Z250)

BisGMA, UDMA, TEGDMA, BisEMAG®, silane treated ceramic,
benzotriazol, ethyl-dimethyalaminobenzoat

BisGMA - Bisphenol A diglycidyl ether dimethacrylate; HEMA - 2 hydroxyethyl methacrylate; DMDMA - decamethylene dimethacrylate;
UDMA - diurethane dimethacrylate; TEGDMA - triethylene glycoldimethacrylate; BisEMA6 - Bisphenol A polyethylene glycol diether dimethacrylate

Price [7] showed differences between irradiance
delivered to restorations in two groups of clinicians,
and also the importance of light curing instructions
to achieve optimal polymerization. A study of light
energy transfer using a MARC patient simulator
revealed that as much as 31% of light energy was
attenuated at a tilt angle of 20°. A wide difference
in the amount of energy transferred to the mate-
rial was seen with increasing distances of the light
tip, this difference being highly dependent on the
light-curing unit [8]. Other factors influencing the
amount of delivered light energy in a clinical set-
ting include inter-incisal opening, cavity location
and operator experience with up to 17% difference

between operator groups and 32% difference between
anterior and posterior cavities [9].

Previous studies reported conflicting results on
bond strength to dentin of adhesives following dif-
ferent application protocols [10, 11]. The differences
could be related to multiple factors, such as the type
of dentin, adhesive composition, application protocol,
light-curing unit, and/or bond strength testing methods.
Current literature lacks data on the effect of variable curing
conditions, namely tip-to-surface distance and angle, on
the DC, immediate and long-term bond strength to dentin
of universal adhesives.

Therefore, the aim of this study was to measure the DC,
immediate and long-term microshear bond strength (uSBS)
of a universal adhesive to dentin depending on curing dis-
tance and angle of the light tip. The null hypotheses were:

1. there are no significant differences in DC of a universal
adhesives cured at different tip-to-surface distances
and angles of the light-curing unit;

2. there are no significant differences in pSBS to dentin
of a universal adhesive cured at different tip-to-surface
distances and angles of the light-curing unit;

3. there are no significant differences in the uSBS to
dentin of a universal adhesive following artificial aging.

METHODS

Specimen preparation and bond strength testing
Forty-eight intact human third molars, extracted for orth-
odontic reasons were used in this study. Ethical approval
was granted by the School Ethics Committee to use such

teeth for research purposes. Following extraction, the teeth

‘ DOI: https://doi.org/10.2298/SARH200203074K

Figure 1. Specimen preparation A — Group “1mm_90°” (control); B - Group
“8mm_90°; C — Group “8mm_60°";

TE - total-etch; SE - self-etch; a thick adhesive layer is presented for easy iden-
tification in this schematic and does not accurately reflect the actual thickness
of the adhesive layer

were cleaned from debris and refrigerated at +4°C in 0.2%
thymol until the beginning of the experiment.

Teeth were embedded in gypsum up to the enamel-
cementum junction. Enamel and superficial dentin were
removed to expose mid-coronal flat dentin of each tooth.
A 2 mm deep notch was made parallel to the long axis
using a slow-speed diamond saw (Isomet 4000, Buehler,
Lake Bluff, IL, USA), thus splitting the exposed dentin
surface into two halves. All surfaces were inspected using a
magnifying glass to ensure the absence of residual enamel.

The materials used in this study are shown in Table 1.
SBU adhesive was applied to one dentin half following the
TE and the other dentin half following the SE approach
(Figure 1). In the TE protocol, dentin was first etched
with 37% phosphoric acid for 15 seconds, rinsed and blot-
dried. In the SE protocol, no acid etching was performed
on dentin. SBU was applied to dentin for 20 seconds, ac-
cording to manufacturer’s instructions. Depending on the
position and distance between the light tip and adhesive
surface, prepared specimens were allocated to three groups
(N = 8/ group) (Figure 1).

After adhesive polymerization, a silicone mold
(91.7 mm x 2 mm) was placed on dentin and filled with
the micro-hybrid composite (Z250) to produce cylinder
composite build-ups with 2.27 mm? of adhesive surface area.
In each group composite was light cured for 20 seconds at
1 mm distance using a high-intensity LED light-curing unit
(Bluephase G2, Ivoclar Vivadent, Schaan, Liechtenstein).
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Before pSBS testing, half of the teeth in each group were
stored in distilled water for 24 h and the other half was
stored in distilled water at 37°C for six months.
Irradiance of the LED light-curing unit was measured
using a radiometer (Bluemeter II, Ivoclar Vivadent, Schaan,
Liechtenstein). A metal foil with an 8x8mm window was
placed on the radiometer sensor. The light tip was placed and
oriented against sensor according to corresponding group.
A universal testing machine (PCE-200, PCE Group,
Southampton, UK) was used for uSBS testing at 1 mm/min
cross-head speed until specimen fracture. pSBS (MPa) to
dentin was calculated by dividing maximum force at fracture
(N) with bonded surface area (mm?). Fracture types were
analyzed under a stereomicroscope at 30x magnification
and classified as:
1. adhesive - fracture occurring within the adhesive
layer with no composite or dentin involved;
2. cohesive - fracture occurring within either composite
of dentin;
3. mixed - fracture involving areas of adhesive layer
extending into composite and/or dentin.

Raman spectroscopy

The Raman spectra were recorded at room temperature with
a DXR Raman Microscope (Thermo Scientific, Waltham,
MA, USA). The samples were excited by the 532 nm emis-
sion line of a diode laser with 10 mW of power focused
on a 2.1-um spot on the surface of the sample using an
objective magnification of 10x. The scattered light was
analyzed by the spectrograph with a 900 lines mm™' grat-
ing. The spectrum was obtained as an average of three
measurements on different places on the sample surface
(10 exposures, 30 seconds each, per spot). All the Raman
spectra were corrected for fluorescence by the OMNIC
software (Thermo Scientific).

The DC was calculated using the following formula:
DC = (1-Rcured/Runcured) x 100 where R is the ratio of
peak heights at 1639 cm™ and 1609 cm™ in cured and un-
cured material which was used as reference. The 1639 cm™
peak in the Raman spectrum s associated with the aliphatic
C = C double bonds whilst the 1609 cm™ peak s associated
with the aromatic C = C double bonds in cured/uncured
material.

Statistical analysis

Data were statistically analyzed in the software package
Minitab 16 (Minitab Inc., State College, PA, USA). Two-way
analysis of variance (ANOVA) was used to test the effects
and interaction of the factors ‘application protocol’ and
‘curing regime’ Intragroup comparison was done using
paired t-tests. The level of significance was set at a = 0.05.

RESULTS

Light irradiance depending on the light-curing tip position
is presented in Table 2. About 86% and 74% of the maximum
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irradiance observed in the control group was recorded in
the 8mm_90° and 8mm_60° groups, respectively.

Table 2. Mean and standard deviation values of light irradiance in
each group

Group
Light irradiance (mW/cm?)

Tmm_90°
1195+7

8mm_90°
1017 +£19

8mm_60°
884+ 11

Regarding DC, no significant difference (p > 0.05) was
detected between control (89.1% + 6.2%) and "8mm_90°"
group (94.6% + 1.2%). Those two groups showed signifi-
cantly higher DC than "8mm_60°" group (74.9% * 9.5%)
(p < 0.05) (Figure 2).

Regarding uSBS, no significant differences in pSBS of the
tested groups were detected initially (p > 0.05) (Figure 3).
After aging, control TE group (8.4 + 4.3 MPa) and "8mm_60°"
TE group (9.2 + 2.6 MPa) showed significantly lower pSBS
than "8mm_60°" SE group (12.6 + 4.2 MPa) (p < 0.05).
Generally, all initial uSBS values were higher than those after
aging irrespective of the application protocol. Nevertheless,
greater differences between initial and long-term bond
strength in all tested groups were associated with the TE
protocol. These differences reached statistical significance
in the control group and "8mm_60°" group (p < 0.05).

In all groups, predominantly adhesive fractures were
detected (Figure 4). It is worth noting that the percentage of
adhesive fractures increased and mixed fractures decreased

100 4
90 | I
80 4
70 4
60 Control

50 4 = 8mm-90 degrees
40
30
20 A

8mm-60 degrees

Degree of conversion (%)

8mm-90 degrees 8mm-60 degrees
Group

Control

Figure 2. Mean and standard deviation values of the degree of conver-
sion of Single Bond Univeral adhesive
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Figure 3. Mean and standard deviation values of the uSBS to dentin of
Single Bond Universal adhesive; upper case letters-initial-intergroup
comparison; lower case letters-6months-intergroup comparison;
Asterisk-initial vs. six months-intragroup comparison (p < 0.05)
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Figure 4a. Distribution of fracture types after 24 hours (baseline)
measurements;
TE - total-etch; SE - self-etch

in the aged specimens compared to those tested initially.
This increase in adhesive fractures was more extensive in
groups following the TE than SE protocol.

DISCUSSION

All three tested hypotheses were rejected. At least one tested
group showed significantly different DC (H,). Although
no differences were found between groups initially, long-
term bond strength values of at least one group differed
significantly compared to other curing conditions (H,).
Aging resulted in significantly lower bond strength values in
two of three tested groups associated with the TE protocol
compared to initial values (H,).

SBU, a universal adhesive containing 10-MDP in its
monomer mixture, was used in the present study due to its
wide use in clinical practice. 10-MDP bonds chemically to
the residual hydroxyapatite, thus creating secondary chemi-
cal bonding (nanolayering) in addition to micromechanical
interlocking [12]. The influence of nanolayering between
10-MDP monomer and hydroxyapatite on adhesive-dentin
bond strength and its longevity is questionable, especially
in commercial adhesives, due to the scarcity of this phe-
nomenon at the adhesive-dentin interface [13].

In everyday clinical practice, dentists may not achieve a
minimal distance or perpendicular light tip position due to
cavity depth, light-curing unit design or curing malpractice
resulting in large variations of the energy of the light source
delivered to the material and its photo-initiators [9]. With
this in mind, two different distances (1 mm and 8 mm)
and two different positions between the light tip and tooth
surface (90° and 60°) were selected in order to examine if
similar results can be achieved with less-than-ideal curing
conditions. A high-intensity polywave light-curing unit was
chosen as these units are recommended for photocurable
materials containing both camphorquinone and alterna-
tive photoinitiators due to emission spectra compatible to
absorption spectra of various photoinitiators [14].

The lowest light irradiance was detected in the 8mm_60°
group, about 25% reduction compared to the control maxi-
mum irradiance. Irradiance was also reduced, by about 15%
in the 8mm_90° group, but still remained above 1000 mW/
cm? Irradiance indicates radiant power (flux) incident on
a known surface area and is expressed as an average value

‘ DOI: https://doi.org/10.2298/SARH200203074K

Figure 4b. Distribution of fracture types after six months measurements;
TE - total-etch; SE - self-etch

over the surface area. The difference in irradiance between
8mm_60° and 8mm_90° groups clearly shows the adverse
effect of light tip tilting which disrupts the beam profile
against the irradiated surface. Light tip tilt causes inhomo-
geneous incident light beam reaching the irradiated surface
resulting in spots with higher and lower radiant power.

Shear load was employed instead of tensile because of the
complexity of experimental design i.e., dentin halves were
used for different application protocols. The current test
may be considered USBS as it was stated by Van Meerbeek
et al. [15] that “macro” bond tests are those with bonding
areas exceeding 3 mm’. Bonding area in the present study
was 2.27 mm?, larger than usual 1 mm?, to mitigate a poten-
tial adverse effect of a thicker adhesive layer on very small
composite build-up diameter resulting “in considerable
bending and variable and non-uniform loading condi-
tions” [15]. Although microtensile bond strength (uWTBS)
seems to be the preferred testing method [16], shear bond
strength (SBS) or pSBS were also used in previous studies
involving universal adhesives, mostly on enamel [17, 18]
and less frequently on dentin [19]. Furthermore, Bracher
and Ozcan [20] reported no significant differences in
adhesion to dentin between testing methods.

In line with irradiance recordings, the results of DC
measurements indicated that 60° tilt of the light tip had
a more detrimental effect on conversion than 8 mm tip-
to-surface distance. The latter actually showed slightly
higher mean DC values compared to the control group,
albeit with no statistical significance. These findings may
be related to lower light energy delivered to the material
with the tilted light tip, whilst the effect of distance was
dependent on the light-curing unit, as suggested in a
previous study [8]. Somewhat lower DC in the control
(“Imm_90°”) than "8mm_90°" group could be associated
with greater solvent evaporation due to higher temperatures
generated in the adhesive when the light tip was held at 1
mm than 8 mm distance. It has been recently shown that
a high-intensity LED light-curing unit exhibits about 10°C
lower temperature at a distance of 4-5 mm compared to
the temperature at the light tip [21]. Greater heat generated
with the light tip held close to the adhesive surface may
have facilitated solvent evaporation to the point where it
adversely affected the final DC. A study on model adhesives
showed that the absence of solvent actually reduced the
tinal DC compared to a system with 10-20% solvent [22].
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Furthermore, greater SD values in the control group com-
pared to "8mm_90°" group indicated greater heterogeneity in
monomer conversion, which could be associated with uneven
solvent evaporation.

The present results showed that the protocol of applica-
tion of a universal adhesive, with or without phosphoric
acid etching, had no significant influence on the initial
bond strength to dentin, no matter which polymerization
regime was used. That is similar to other in vitro studies,
whether a composite resin [23, 24] or ceramic materials [25]
were bonded to dentin. Universal adhesives showed similar
shear [25], microshear [26] or microtensile bond strength
to dentin for both TE and SE protocols [27]. The present
results indicate sufficient capacity of acidic monomers in
SBU for partial dentin demineralization in the SE protocol
as is achieved with phosphoric acid in the TE protocol.

Aging in water for six months significantly reduced bond
strength to dentin of SBU following the TE protocol in the
control group and "8mm_60°" group, whilst the values in
the "8mm_90°" group were also lower but did not reach
statistical significance. Similar reduction in bond strength
to dentin of universal adhesives after six or 12 months of
storage was reported in recent studies [25, 26, 28]. This
may be explained by adhesive bond degradation within
the hybrid layer. Acid etching of dentin and subsequent
adhesive application create a zone in which collagen fi-
bers are not incapsulated with resin because of shallower
penetration of adhesive than previous acid etching [29].
This aggressive procedure exposes collagen fibers to deg-
radation by matrix metalloproteinases activated in acidic
environment such as the one caused by phosphoric acid
etching and self-etching primers [30]. Furthermore, the
present study indicated lower DC in the adhesive following
curing at a distance (8 mm) and tilted angle of the light
tip (60°) which could have also contributed to a hybrid
layer more prone to degradation due to resin hydrolysis.
The present results suggest that clinicians should accept
with caution manufacturer’s recommendation that SBU
adhesive may be applied equally efficiently with or with-
out phosphoric acid on dentin. Although initial bond
strength may be comparable for both protocols, aging
is associated with more pronounced bond deterioration
when dentin is etched with phosphoric acid prior to ad-
hesive application (TE protocol) compared to adhesive
application to non-etched dentin (SE protocol). In line
with other studies on the subject in which ideal curing
conditions are applied, the present results indicate that
the SE application protocol may be clinician’s protocol of
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CONCLUSION
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YTuuaj pactojatba M NoNOXKaja CBETOCHOr M3BOPA HA CTENEH KOHBEP3Uje U jaunuHy

Be3e YHMBEP3anHOr agXe3usa

Bojucnas Komnenuh, Becta Munetuh

YHuBep3uTteT y beorpagy, CromatonoLuku ¢pakyntet, ictpaxuauka rpyna lentanHet, beorpag, Cpbuja

CAXETAK

Yeopa/Uum Lnsb paga je nameputn cteneH koHsep3suje (CK)
YH/BEP3anHOr afxe31Ba U1 jauriHy Be3e 3a AEHTVIH TECTOM CMU-
uamna (JBC) nocne 24 cata 1 WeCT MeceL 3aB/CHO Of, MOJOXaja
CBET/IOCHOT 13BOPa M MPOTOKOSa anninKauyje.

Mertope [leHTVH y npeaeny ekBatopa KpyHuLe 48 NHTaKTHMX
XYMaHMX yMHbaKa eKCMOHMPaH je npeceLamem ujaMaHTCKOM
TecTepom, Nocsie Yera je cBaku 3yb npeceyeH Ha nona. Single
Bond Universal (SBU; 3M) apxe3uB je aninMKoBaH Ha jefHy noso-
BUHY o npotokony ‘total-etch’ (TE), ok je Ha apyroj KopuriwheH
‘self-etch’ (CE) npoTtokon. Mpema aHrynauuju n pactojary
cBeTNocHOr u3Bopa (bluephase G2, Ivoclar Vivadent WaH, Jnx-
TeHLWTajH) of apxe3vBa popmupaHe cy Tpu rpyne:“1 mm_90°"
(koHTpOona);“8 mm_90°"n“8 mm_60°". Komno3unTtHa HagorpagHa
(21,7 mm; Filtek 2250, 3M) n3pabeHa je Ha cBakoMm y30pKky. CK je
MepeH PamaHoBnM cnekTpodotomeTpom, JBC je MmepeHa nocne
24 caTa 1 LWeCT MeceLy CTapetba Y JecTnnoBaHoj Boau Ha 37°C.
AHanusmpaHe cy Bpcte dppakTypa.

DOI: https://doi.org/10.2298/SARH200203074K

Pesyntatm pyne “1 mm_90°” (89,1 £ 6,2%) n “8 mm_90°“
(94,6 £ 1,2%) nokasasne Cy CTaTUCTUYKMN 3HAYajHO BULLN CTe-
neH KoHBep3uje (p < 0,05) y ogHocy Ha rpyny “8 mm_60°"
(74,9 £ 9,5%), pok u3mehy HKX HUje youeHa CTaTUCTUYKM 3Ha-
yajHa pasnuka (p > 0,05). HakoH 24 caTa Huje 61no cTaTucTny-
K1 3HauajHe pasnuke y JBC nsmehy rpyna (p > 0,05). lpyne “1
mm_90°“TE (12,8 + 4,3 MPa) n“8 mm_60°“ TE (14,7 + 5,7 MPa)
rnokasane cy 3HauajHo HuXy JBC HaKOH CTapetba Hero NHuLmjan-
Ho (8,4 + 4,3MPa ogHocHo 9,2 + 2,6 MPa) (p < 0,05). Anxe3uBHe
dbpakType cy bune Haj3acTyrn/beHuje.

3akmyuak MHnymjanHo, oba NpoTokona Harpusarba cy rno-
kasana canyny JBC. Mocne ctaperba CE npoToKon ce nokasao
epuKacHVjUM y opynupary Aerpagauuju XubpuaHor cioja, WTo
je pesyntoBano Behom JBC Hero TE npotokon. AHrynatmja Bpxa
namne je uMmasna BuLLe yTuLaja Ha cteneH koHsep3uje n JBC Hero
pasfasbriHa of NOBPLUMHE afXe3Ba.

KmbyuHe peun: anxesus; cTeneH KOHBeP3Wje; jaunHa Be3e; no-
niMepu3aLmja; yaarbeHOCT
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SUMMARY

Introduction/Objective The aim of this study was to analyze the usefulness and accuracy of artificial
neural networks in the prognosis of infarcted patients with previous myocardial surgical revascularization.
Methods The 13 predictor variables per patient were defined as a data set. All the patients were divided
into two groups randomly: the training group and the test group, of 1090 patients each. The evaluation of
the neural network performance was organized by using the original data, as well as the complementary
test data, containing patient data not used for training the network. In generating the file of comparative
results, the program compared the actual outcome for each patient with the predicted one.

Results All the results were compared with 2 x 2 contingency table constructed from sensitivity, specific-
ity, accuracy, and positive—negative prediction. The network was able to predict the outcome with the
accuracy of 96.2%, sensitivity of 78.4%, specificity of 100%, positive predictivity of 100%, and negative
predictivity of 96%. There was not efficient prognosis of infarcted patients previously operated on using
linear discriminant analysis (accuracy 68.3%, sensitivity 66.4%, and positive predictivity 30.2%).
Conclusion This study suggest that a neural network was better for almost all parameters in outcome

prognosis of infarcted patients with previous myocardial surgical revascularization.
Keywords: artificial intelligence; prognosis; acute myocardial infarction; revascularization

INTRODUCTION

Patients with previous coronary artery bypass
grafting (CABG) represent a substantial per-
centage of the total population of patients with
acute myocardial infarction (AMI) [1, 2, 3]. The
timing of CABG for AMI remains a controversial
topic [4-7]. The benefit persist in most patients
during the first few years after surgery, but the
progression of coronary artery disease in the
ungrafted coronary arteries and the develop-
ment of atherosclerosis in the vein grafts are
important mechanisms by which angina and/
or myocardial infarction can recur, detracting
from the primary effect of revascularization
(3,7,8,9].

Prognosis of the future disease expression is an
important part in the follow-up of patients with
previous CABG. Prognosis can be expressed in
symptom-free period, quality of life, but the most
common type of prognosis is survival. Linear
discriminate analysis, multilinear regression
analysis, and logistic regression analysis have
been used extensively for evaluation in medi-
cal prognosis. It is well known that outcome
of patients with previous CABG is influenced
by many abnormalities. In processing medical
classification, linear methods cannot be ap-
propriate because many medical patterns can

be classified only by more complex nonlinear
decision making. Each of these methods has
inherent limitations when applied to a complex
biological process, and a high degree of predic-
tive accuracy has yet to be achieved.

Neural networks are a form of artificial intel-
ligence and may obviate some of the problems
associated with traditional statistical techniques,
and they represent a major advance in predictive
modeling [10-13]. Neural networks can find
seamingly hidden features in input patterns,
not visible by conventional statistical methods.
There are some studies that have shown that
connectionist models can be used for the pre-
diction of outcome in patients with coronary
heart disease, the onset of diabetes, and other
medical problems [14-19].

The aim of this study is to analyze the useful-
ness and accuracy of an artificial neural network
in AMI expression and its five-year prognosis in
patients with previous CABG, using a complex
mixture of predictor variables.

METHODS

The baseline characteristics and clinical data were
recorded in 2180 consecutive patients (13.8%
women, mean age 63.4 + 4 years) with previous
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CABG who were later determined to have a definite AMI.
The patients with early perioperative AMI were excluded
from the study. The diagnostic parameters and protocol were
identical for all the patients. For inclusion, the patients were
required to have at least two of the three following criteria:
chest discomfort and/or symptoms suggestive of myocardial
infarctionlasting > 20 minutes, electrocardiography changes
suggestive of evolving myocardial infarction according
to the Minnesota coding system, and typical elevation of
at least one of three cardiac enzymes to at least twice the
upper limit of the normal reference range. The follow-up
period was 13.8 years (range 1.5-15). Information regarding
survival (new coronary event - NCE) or circumstances of
death during the follow-up period was obtained by control
clinical examination or by letter or telephone interview.

Predictor variables

The data set contained 13 predictor variables per patient
(Table 1). All the patients were divided into two groups
randomly, the training group and the test group, each
containing 1090 patients. The original data included five
continuous predictor variables [age, body mass index
(BMI), C/T index, number of grafts, and ejection fraction]
and eight binary predictors (sex, history of hypertension,
smoking, hypercholesterolemia, diabetes mellitus, previ-
ous angina pectoris, previous AMI, and type of previous
AMI) (Table 1). For use by the neural network, all the
input variables were automatically standardized into the
interval [0, 1] (Table 1).

Table 1. Clinical variables and input nodes

Clinical variables
(n=13)

. Sex (male) (yes/no)

No. of input nodes
(n=14)

_

Age (< 40 years, 40-65 years, 65 years)
Hypertension (yes/no)
Smoking (yes/no)

1

2

1

1
Hypercholesterolemia (yes/no) 1
High BMI (yes/no) 1
1

1

1

1

1

1

1

Diabetes mellitus (yes/no)
Previous angina (yes/no)

9. Previous AMI (yes/no)
10. Q-wave previous AMI (yes/no)

© N o AW

11. No. of grafts > 1 (yes/no)

12. Enlarged C/T index (yes/no)
13. EF < 40% (yes/no)

BMI - body mass index; AMI - acute myocardial infarction; EF - ejection fraction

Neural network architecture

The artificial neural network was created using commercial
desktop PC software Neural Planner 4.5, running under
Microsoft Windows (Microsoft Corporation, Redmond, WA,
USA). Inputs into the neural network included 13 clinical
variables, giving a total of 14 input nodes (variable age
was standardized as binary variable) (Table 1). The neural
network had 29 hidden nodes in one layer. The layer of 29
hidden nodes is a layer that connects only to the output

‘ DOI: https://doi.org/10.2298/SARH200916118M
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nodes. There were six output nodes: AMI expression after
CABG (yes/no), time interval from CABG to AMI (<5
years after CABG, > 5 years after CABG), localization of
AMI (anterior, inferior, lateral) after CABG, type of AMI
(Q wave, non-Q wave AMI), and time of cardiac death
expression after AMI (in the first, second, third, fourth, or
tifth year of the follow-up period), if NCE was expressed
in the follow-up period. All six outcomes after a five-year
observation period were coded as follows: 0 = free of NCE;
1 = non-free of NCE. Patients were randomly enrolled into
the test group or the training group. The learning method
was error backpropagation and the transfer function was
sigmoid. The method of presentation of examples during
the training was randomized and the method of weight
updating was continuous.

Artificial neural network performance was evaluated
using the original data set for each network, as well as its
complementary test data set, containing patient data not
used for training the network. Generating a file of com-
parative results, program compared each patient’s actual
outcome with the predict one. At the end, the results from
this file were analyzed and compared, on the basis of a 2 x 2
contingency table constructed from expected or obtained
statistics (accuracy, sensitivity, specificity, and positive/
negative predictivity), as well as on the basis of receiver
operating characteristic (ROC) areas [20, 21].

Ethical approval for this study was obtained from the
Cardiology Clinic Review Board, Clinical Center of Serbia
(approval number 1973/2020)

RESULTS

The study group included 2180 consecutive patients (301
female, 1879 male), age range being 26-82 years, mean
age 63.4 + 4 years, divided into training and testing sets.
Clinical characteristics of patients in training and testing
sets are shown in Table 2.

Table 2. Clinical characteristics of patients in training and testing sets

Clinical variable T::ngigt Iﬁsqu;g; p

Sex (male) 952 (87.3%) 861 (79%) 0.0001
Age < 40 years 2(0.2%) 8(0.7%) 0.0572
Age 40-65 years 856 (78.5%) 821 (75.4%) 0.0966
Age 65 years 232 (21.3%) 261 (23.9%) 0.1098
Hypertension 370 (33.9%) 382 (35%) 0.5887
Smoking 162 (14.9%) 240 (22%) 0.0001
Hypercholesterolemia | 510 (46.8%) 571 (52.4%) 0.0090
High BMI 229 (21%) 207 (19%) 0.2388
Diabetes mellitus 290 (26.6%) 305 (28%) 0.4708
Previous angina 468 (42.9%) 414 (38%) 0.0185
Previous AMI 500 (45.9%) 371 (34%) 0.0001
Previous Q wave AMI 457 (41.9%) 391 (36%) 0.0037
No. of grafts > 1 796 (73%) 730 (67%) 0.0020
Enlarged C/T index 205 (18.8%) 245 (22.5%) 0.0343
EF < 40% 135 (12.4%) 168 (15.4%) 0.0411

BMI - body mass index; AMI - acute myocardial infarction; EF - ejection fraction
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Table 3. Prognosis of new coronary event expression: linear discriminant analysis

Accuracy Sensitivity Specificity FEETE NEFELIT
Output variables Data set predictivity | predictivity
(%) (%) (%)
(%) (%)
1. AMI expression after CABG Full set 68.3 66.4 68.8 30.2 90.4
2.Time-interval from CABG to AMI Full set 66.8 63.8 65.2 26.8 88.2
3. Localization of AMI Full set 62.8 60.2 60.4 224 84
4.Type of AMI Full set 65.6 64 65.2 246 86.6
5.Time of cardiac death expression after AMI Full set 60.8 60.4 62.2 20 80.2
AMI - acute myocardial infarction; CABG - coronary artery bypass grafting
Table 4. Prognosis of new coronary event expression: neural network analysis
T . Positive Negative
Output variables Data set ARG SEmBisy Syl predictivity | predictivity
(%) (%) (%)
(%) (%)
. Training set 96.2 784 100 100 96
1. AMI expression after CABG
Test set 86.2 56.2 96.3 68 92
. . Training set 100 100 100 100 100
2.Time-interval from CABG to AMI
Test set 88.6 72 90.2 60.5 94
L Training set 93.8 734 98.7 90.2 96
3. Localization of AMI
Test set 84 342 90.6 48.6 88
Training set 96.8 86.0 100 100 96
4.Type of AMI
Test set 76.6 44.8 84.2 36.3 86
i . . Training set 98 100 100 100 100
5.Time of cardiac death expression after AMI
Test set 82.8 46.4 84.2 34.2 48.2

AMI - acute myocardial infarction; CABG - coronary artery bypass grafting

Statistical analysis

The results of univariate statistical analysis of study variables
are shown in Table 2. Categorical variables significantly
different between training and testing sets were sex, smok-
ing, hypercholesterolemia, previous angina, previous AMI,
previous Q wave AMI, number of grafts more than one,
enlarged C/T index, and ejection fraction < 40%.

The linear discriminate analysis (Table 3) was not ef-
ficient enough to distinguish NCE expression; the accuracy
for AMI expression after CABG was only 68.3%, with the
sensitivity of 66.4%; for the time-interval from CABG to
AMI, the accuracy was 66.8%, with sensitivity of 63.8%;
for the localization of AMI, the accuracy was 62.8%, with
sensitivity of 60.2%; for the type of AMI, the accuracy was
65.5%, with sensitivity of 64%; and for the time of cardiac
death expression after AMI, the accuracy was only 60.8%,
with sensitivity of 60.4%. The weakest feature of the linear
discriminate analysis solution was positive predictivity,
which was only 30.2% for AMI expression after CABG;
26.8% for the time-interval from CABG to AMI; 22.4%
for the localization of AMI; 24.6% for the type of AMI;
and only 20% for the time of cardiac death expression
after AMI. Negative predictivity was excellent for AMI
expression after CABG (90.4%), for the time-interval from
CABG to AMI (88.2%), for the localization of AMI (84%),
for the type of AMI (86.6%), and for the time of cardiac
death expression after AMI (80.2%). These results show
that a statistical linear model is not able to perform class
separation in multidimensional space and that a nonlinear
approach is justified.

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):155-160

Neural network analysis

The artificial neural network results are summarized in
Table 4. The network was able to predict outcome with
the accuracy of 96.2% for AMI expression after CABG for
the training data set vs. 86.2% for the test data set, with a
sensitivity of 78.4% vs. 56.2%, specificity 100% vs. 96.3%,
positive predictivity 100% vs. 68%, and negative predictivity
96% vs. 92%. For the time-interval from CABG to AMI,
the network was able to predict the outcome with the ac-
curacy of 100% for the training data set vs. 88.6% for the
test data set, with a sensitivity of 100% vs. 72%, specificity
100% vs. 90.2%, positive predictivity 100% vs. 60.5%, and
negative predictivity 100% vs. 94%. For the localization of
AMYI, the network was able to predict the outcome with the
accuracy of 93.8% for the training data set vs. 84% for the
test data set, with a sensitivity of 73.4% vs. 34.2%, specificity
98.7% vs. 90.6%, positive predictivity 90.2% vs. 48.6%, and
negative predictivity 96% vs. 88%. For the type of AMI, the
network was able to predict the outcome with the accuracy
0f 96.8% for the training data set vs. 76.6% for the test data
set, with a sensitivity of 86% vs. 44.8%, specificity 100% vs.
84.2%, positive predictivity 100% vs. 36.3%, and negative
predictivity 96% vs. 86%. For the time of cardiac death
expression after AMI, the network was able to predict the
outcome with the accuracy of 98% for the training data set
vs. 82.8% for the test data set, with a sensitivity of 100% vs.
46.4%, specificity 100% vs. 84.2%, positive predictivity 100%
vs. 34.2%, and negative predictivity 100% vs. 48.2%. The
least reliable variable for all outcome variables was always
sensitivity, denoting a relative inability to correctly predict
the number of patients with different NCE expressions.
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six-month mortality [25, 26]. The same results
were presented with the neural network predic-
tion model in our study.

Prior CABG was an independent predictor
of cardiovascular death, AMI, and heart failure.
The GRACE registry findings proved the findings
of an earlier Canadian cohort study of 410 AMI
patients with or without prior CABG. In these

|

patients, a history of CABG was associated with
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a higher crude rate of ischemic cardiac events
at five years [27, 28]. Our prognostic model has
shown very similar results in the five-year interval

Figure 1. Receiver operating characteristic curve for committee classifier; (A) area
(C-index) for neural network analysis 80.5%; (B) area (C-index) for linear discriminant

analysis 74.8%

The ROC areas (C-index) for both prediction models
after training (using training data) and final testing (using
testing data) are provided in Figure 1. ROC areas (C-index)
are all about 74.8% for logistic regression and vary 1.4
percentage points (range 73.4-76.2%). For artificial neural
network model, ROC areas (C-index) are all about 80.5%
and vary 1.5 percentage points (range 79-82%).

DISCUSSION

The performance of artificial neural networks in the prog-
nosis of acute myocardial infarction in patients with previ-
ous CABG can be rated as very good if we consider that a
large number of input variables is associated with outcome
and input variables present a large variability among pa-
tients of the training and the testing set. The number of
training examples may be too low in relation to problem
dimensionally, but large enough for very good accuracy
and specificity of artificial neural network analysis. In
particular, the accuracy will increase with the increase
in the number of training sets and the number of hidden
layers. A nearly optimal combination of high sensitivity
and specificity was achieved with the network model for
time interval from CABG to AMI variable [22, 23, 24].
The accuracy value of 88.6% achieved with the test data
demonstrates that this neural network was able to give a
decision surface with acceptable prognostic power for the
prediction of the time interval for AMI expression after
CABG. In analyzing the performance of the neural network
and linear discriminate analysis in outcome prognosis of
AMI in patients with previous CABG, it is clear that neural
network was better for almost all parameters in outcome
prognosis for all analyzed variables.

Some of the previous studies have shown that ACS
patients with prior CABG have an increased risk of early
mortality. In the Global Registry of Acute Coronary Events
(GRACE), prior CABG was associated with increased in-
hospital mortality [26] and was a univariable predictor of

DOI: https://doi.org/10.2298/SARH200916118M

prediction. Some other previous studies have
demonstrated that patients with prior CABG
have more extensive native vessel coronary artery
disease [28]. The higher expression of previous
AMI and left ventricle dysfunction in patients with prior
CABG may explain the reduced capacity of these patients to
withstand recurrent myocardial ischemia or infarction and
their increased risk of cardiac morbidity and mortality [28].

As in our study, the VALIANT (Valsartan in Acute
Myocardial Infarction) trial also showed that a history of
prior CABG was a univariable but not a multivariable pre-
dictor of all-cause mortality [29]. This result is consistent
with similar results from the GRACE registry [25].

It's well known that a major problem among artificial
neural network is overtraining [30, 31]. Because of that,
when an artificial neural network is overtrained, it models
the test group so well that it becomes poor at predicting
outcomes when new cases are presented. This problem in
prediction and prognosis of AMI in patients with previous
CABG was probably resolved with a relatively high number
of analyzed patients and long follow-up period. Further
prospective validation of this neural network approach,
with a more prolonged follow-up period, may be useful.

CONCLUSION

In this clinical situation, artificial intelligence appears to
be superior to linear methods for prediction and prognosis
of AMI in patients with previous CABG.
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MpumeHa HeYPOHCKUX MpeKa y npegsubhatby nojase akyTHOr UHGapKTa MUOKapAa
Kog 601eCHMKA ca NPETXOAHOM XMPYPLUKOM peBacKynapus3aLmujom MMoKapaa

Mpegpar M. Mutposuh', bpaHucnas CredaHosuh', MuHa PagoBaHoBuh', Hebojwa PagosaHosuh', fly6paska Pajuh’,

Mpenpar Epuer?

'YHusep3uTteT y beorpagy, Meguumncku gaxyntet, KnuHnukm uentap Cpbuje, YpreHTHu LeHTap, KnuHuka 3a kapguonorujy, beorpag, Cpbuja;
2KnHnYKo-60MHMYKK LieHTap,3Be3aapa’, Oferbetbe repujatpuje, beorpag, Cpbuja

CAXETAK

YBoa/ Lnm Linsb oBe cTyauje je Aa ncnvuta CEH3UTUBHOCT U
CneynmPrYHOCT HEYPOHCKMX Mpexa y npefBuhaty nojase
aKyTHOr MHdapKTa M1MoKapaa Kog 6onecHrKa ca NpeTxogHOM
XUPYPLUKOM peBacKynapu3saLmjom Mmokapaa.

Metope Ckyn nofataka ce cactoju of 13 npefuKTUBHIX Napa-
MeTapa rno 6onecHUKyY. lMocmaTtpaHu 60neCHULM NOAEbEHM CYy Y
[Be rpyne: rpyna 6onecHrKa 3a 0byyaBare HEYPOHCKE MpeXxe
(1090 6onecHuKa) v rpyna 6onecH1Ka 3a TeCTVPaHe HeYPOHCKe
mpexe (1090 bonecHvka). HeypoHcka Mpesxa je obyyaBaHa yrno-
Tpebom opuUrMHanHVX NofaTtaka 3a CBaky nojefuHayYHu napa-
MeTap, 10K je HeHa CneumduyHOCT 1 CEH3UTUBHOCT TeCTUPaHa
HOBUM CETOM OPUrMHANHKX NofAaTaka 6onecHnKa Koju Hucy
KopuLwheHn 3a 06yyaBatbe HEYpPOHCKE MpeXe.

Pesyntatm Ha Kpajy ucnutrara, pesyntati obyyasarba He-
YPOHCKe Mpexe KOHTPONMCaHU Cy MepetbeM NPeLM3HOCTH,
CEeH3UTMBHOCTY, CNeyndUYHOCTN 1 MO3UTNBHE/HEraTUBHE npe-
AUKTUBHOCTW. HeypoHCKa Mpexa npuKasana je CTaTucTuuku

DOI: https://doi.org/10.2298/SARH200916118M

3HauajHe BPeJHOCTH Y MPOrHO31 0BYX 60N1ecHMKa ca TauHowwhy
of, 96,2%, ceHsuTnBHOLWRY of 78,4%, cneundnuHowwhy 100%,
no3uTneHUM npeasmharbem 100% v HeraTMBHIUM NpeaBubatbem
96%. JInHeapHa AUCKPMMMHAHTHA aHanun3a, Kao CTaTUCTUYKM
mogen npeasuharba 1 NPOrHo3e rojase akyTHOT MHbapKTa Mui-
oKappa Kop onepricaHyx 601ecHMKa, Moka3sasa ce Kao JIoLWuju
npeauKTUBHY Mogen y nopeherby ca HeypOHCKOM MPEXoM (Ta-
YHOCT 68,3%, CEH3UTUBHOCT 66,4%, MO3UTUBHO NpefBuharbe
30,2%).

3aK/byyak AHanumsrparem ynotpebe HeypoHCKe Mpexe y
npeasvhary nojaBe U NPOrHo3e akyTHOT MHdapKTa MUOKap-
Aa Kof 60JIeCHIKa ca MPEeTXOAHOM XVPYPLIKOM peBacKynapu-
3aLmjom M1MOKapa NoKasasno ce jaCHO [ja je HeypOHCKa mpe-
a 60/bM NPeANKTBHY MOAEN Y OfHOCY Ha CBe CTaTUCTUYKe
napametpe Koju ce KopucTe 3a aHann3mparme NpeanKTUBHNX
napamertapa.

KrbyuHe peun: BeluTauyka MHTENUIEHLMja; MPOrHO3a, akyTHU
NHOAPKT MMOKapaa; peBackynapusaumja
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A complete versus inducible ischemia-guided
revascularization after a culprit-only primary
percutaneous coronary intervention in multivessel
coronary artery disease — a pilot study
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SUMMARY

Introduction/Objective Revascularization in multivessel coronary artery disease (MVD) in patients with ST
elevation myocardial infarction (STEMI) is a matter of debate. We sought to compare outcomes between
revascularization strategies based on angiographic lesion severity or inducible ischemia.

Methods In prospective study, first ever STEMI patients with MVD, defined as > 70% stenosis in non-culprit
vessel, treated with culprit only primary PCl were randomized to: A. Complete revascularization of all non-
culprit significant lesions during initial hospitalization; B. Complete revascularization after 30 days, or C.
Revascularization based on non-invasive testing for inducible ischemia. The study explored occurrence
of major adverse cardio-cerebral events (MACCE) (cardiac death, repeated MI, cerebrovascular event).
Results The study enrolled 120 patients with door to balloon time within appropriate limits (A 51 + 26
vs.B47 £33 vs. C44 £ 29 min, p = 0.604) The patients in group A underwent complete revascularization
at 6 [4-7] days after primary PCl, while in the group B it was 35 [32-39] days. In group C, 16/43 (37.2%)
patients underwent PCl at 82 [66-147] days after infarction (p < 0.001). The patients were followed for
2.7 £ 0.8 years. The events occurred less frequently in patients that underwent planned complete revas-
cularization compared to those who underwent ischemia testing (7.8 vs. 20.9%, p = 0.040). Kaplan-Meier
analysis favored complete delayed revascularization (MACCE A 8.8 vs. B 6.9 vs. C 20.9%, log rank p = 0.041).
Conclusions Planned, angiography guided, complete revascularization after initial event may be favor-

able strategy compared to single stress test for MVD in STEMI.
Keywords: coronary artery disease; myocardial infarction; stress echocardiography

INTRODUCTION

The multivessel coronary artery disease (MVD)
is a common finding in patients presenting with
ST elevation myocardial infarction (STEMI). It
is estimated that around 40-50% of patients with
STEMI present with MVD [1]. Previously, culprit
only primary percutaneous coronary intervention
(PCI) was indicated, but this was challenged by
several studies suggesting benefits of immedi-
ate, complete revascularization at initial PCI or
during initial hospitalization [2, 3, 4]. Although
these studies enrolled relatively small number
of participants with heterogeneous definition
of MVD and composite end points, their results
have caused important concern regarding the
need for complete revascularization in patients
with STEMI and MVD. Based on their results,
guidelines for treatment of STEMI have been
updated [5]. An observational, retrospective
study has demonstrated benefit of staged PCI
within 60 days of index intervention [6]. The
strategy of dobutamine stress echocardiography
testing after myocardial infarction seems feasible
and safe and can predict serious adverse events
during short term follow up [7].

We sought to investigate the appropriateness
of staged, complete revascularization during
hospitalization or after 30 days from initial PCI
based on angiographic lesion severity compared
to intervention based on outpatient non-invasive
ischemia testing, aiming to reduce major adverse
cardio-cerebral events (MACCE).

METHODS

This study was prospective, randomized, single
center, open label study in patients with STEMI
with MVD, initially treated with culprit only
primary PCI. After successful culprit only pri-
mary PCI, patients were randomly assigned to
one of three treatment arms: staged, complete
revascularization of all non-culprit significant
lesions in a single session during initial hospi-
talization; staged, complete revascularization
of all non-culprit significant lesions in a single
session after 30 days from initial hospitalization
for STEMI and revascularization or deferral of
revascularization of non-culprit coronary artery
lesions based on ischemia testing using dobu-
tamine stress echocardiography. The study was
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approved by the institutional committee on ethics and was
done in accordance with the Helsinki declaration (Clinical
trials identifier: NCT 02756000).

Patient population

All patients admitted with clinical and electrocardiographic
signs of first ever STEMI (chest pain lasting less than
12 hours with persistent ST elevation of > 1 mm in two
contiguous leads on ECG recording) and MVD on initial
coronary angiogram, defined as visually assessed stenosis
of more than 70% of any of the non-culprit vessels, were
treated with primary PCI of infarct related artery (IRA)
only. Within 24 hours after completion of primary PCI, after
obtaining a written informed consent, they were randomly
assigned 1:1:1 to one of the treatment arms. The hemody-
namically unstable patients, defined as presence of Killip
class IV, need for mechanical circulatory support and/or
ventilation prior, during and after primary PCI, presence
of significant valvular disease or decision that patient needs
to be treated with coronary artery bypass grafting (CABG)
and/or valvular replacement or reconstruction surgery
after initial culprit only PCI were not considered for the
study. Patient were excluded from the study if myocardial
infarction was caused by stent thrombosis or there was a
chronic total occlusion of any of the coronary arteries on
initial angiogram. Patients previously treated by CABG or
having estimated life expectancy less than one year were
also excluded from the study. Patients unsuitable for dobu-
tamine stress echocardiography because of poor acoustic
windows were also excluded from the study.

Randomization

Patients were randomized in a 1:1:1 fashion to one of the
treatment arms according to computer generated algorithm
(GraphPad Software, Inc., San Diego, California, US) after
completion of primary PCI and signed informed consent
form. Crossover between treatment arms was allowed only
in case of persistent chest pain or patient’s hemodynamic
instability that requires immediate coronary angiography
and/or intervention that was further acknowledged as study
endpoint. Vascular access, PCI technique, use of guiding cath-
eters, coronary guidewires, thrombus aspiration, predilatation
and stent implantation were used according to operators’
preference, both at primary PCI and at repeated intervention.

Medical treatment

After establishing diagnosis of STEMI, patients were pre-
treated with loading dose of aspirin (300 mg) and ti-
cagrelor (180 mg) or clopidogrel (600 mg), while heparin
(80-100 IU/ kg iv.), was given before insertion of coronary
guidewire. After PCI aspirin, 100 mg per day, was given
indefinitely with ticagrelor 90mg twice a day or clopidogrel,
75 mg per day. Recommended duration of dual antiplatelet
therapy was 12 months. Patients were treated with beta
blocking agents, ACE inhibitors and statins according to
the current guidelines for STEMI [5].

‘ DOI: https://doi.org/10.2298/SARH200315108lI

lli¢ 1. etal.

Patients were seen in an office visit one month after
tinal PCI or Dobutamine stress echocardiography - vital
and clinical status along with prescribed medications were
assessed, ECG and arterial blood pressure measurement
done. Angina status assessment was done according to the
Canadian Cardiovascular Society (CCS) Classification of
angina or Braunwald angina classification.

Vital and clinical status, presence of angina, medications,
hospitalization for any reason, myocardial infarction, re-
peated PCI or CABG were assessed at one year after initial
procedure or at the end of follow up (telephone interview
or office visit).

Dobutamine stress echocardiography

Dobutamine stress echocardiography (DSE) was performed
in all stable patients assigned to this study arm at least 30
days after the coronary event according to the guidelines.
In patients with suboptimal parasternal echo windows,
the test was considered valid for interpretation if all apical
views are obtained and suitable for analysis. The test was
considered positive for inducible ischemia in the presence
of new or worsening wall motion abnormalities in two or
more adjacent segments [8].

Definitions

A culprit artery was defined as an artery with an identifiable
thrombus and/or significant lesion on angiogram corre-
sponding to ischemic ECG changes. Significant lesion was
defined as coronary artery stenosis with narrowing of the
lumen of more than 70% assessed by quantitative coronary
angiography (QCA) software (Leonardo multimodality
workstation, Siemens, Erlangen, Germany).

A repeated revascularization was considered clinically
indicated if angiography during follow-up showed a di-
ameter stenosis greater than or equal to 50 percent at any
point in the coronary artery previously treated and if one
of the following occurred: 1) a positive history of recurrent
angina pectoris, presumably related to the target vessel;
2) objective signs of ischemia at rest (ECG changes) or dur-
ing exercise test (or equivalent), presumably related to the
target vessel; 3) abnormal results of any functional diagnostic
test (e.g. stress echocardiography, fractional flow reserve);
4) a revascularization with a diameter stenosis greater than
70% even in the absence of the above-mentioned ischemic
signs or symptoms.

Death was regarded as cardiac in origin unless obvious
non-cardiac causes could be identified. Any death dur-
ing the index hospitalization for STEMI was regarded as
cardiac death. Sudden death was defined as unexplained
death in previously stable patients. Myocardial infarction
(MI) is defined according to the Fourth universal defini-
tion of myocardial infarction [9]. Procedure-related MI is
regarded as present with creatinine kinase (CK) MB frac-
tion > 3 times upper limit of normal after PCI procedure
or total CK > 3 times upper limit of normal in the absence
of CKMB measurement. Bleeding is defined according to
the Bleeding Associated Research Consortium criteria [10].
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Cerebrovascular accident was defined as sudden onset
of vertigo, numbness, aphasia, or dysarthria due to vas-
cular lesions of the brain such as hemorrhage, embolism,
thrombosis, or rupturing aneurysm that persists > 24 hours.

Statistical analysis

Categorical variables were presented as numbers and percent-
ages and were compared using chi square test. Continuous
variables were expressed as mean + standard deviation
(SD) or medians with interquartile ranges. Continuous
variables were compared using the one-way ANOVA or
Kruskal Wallis’ test based on their distributions. Clinical
outcomes were analyzed according to the intention-to-treat
principle. Each endpoint was assessed by the Kaplan-Meier
method and compared by log-rank test. Statistical analysis
was done using IBM SPSS Statistics 20.0 software (IBM
Corp. Armonk, New York, US). A p value of < 0.05 was
regarded as statistically significant.

RESULTS

The study included 120 patients in Clinical Hospital Centre
Zemun, high volume university PCI center from June 2016
to January 2019. The study was prematurely stopped due
to slow enrollment and after interim analysis revealed a
potential futility in the ischemia testing arm of the study.
The 182 patients were evaluated for the study after meet-
ing the inclusion criteria. Due to poor acoustic window
21 patients (11.5%) could not be randomized to stress
echocardiography, 14 patients (7.7%) have not signed an
informed consent form to participate in the study and surgical
revascularization was recommended in 27 patients (14.8%).

The patients included in the study had high incidence
of hypertension, dyslipidemia and smoking. There was
borderline difference in body mass index (BMI) between
the groups (Table 1). Three vessel disease was seen in
over 40% patients in the group of patients randomized
to complete revascularization during initial admission,

Table 1. Clinical characteristics of the patients in the study groups

) In hospital After 30 Ische_mia
Variable (n=34) days testing p
(n=43) (n=43)
Age (years) 61+8 60+ 11 60+9 0.877
Male gender (%) 70.6 744 65.1 0.640
Heredity (%) 411 44.2 44.2 0.956
Smoking (%) 441 53.5 65.1 0.179
Hypertension (%) 79.4 72.1 83.7 0.418
Dyslipidemia (%) 529 55.8 69.7 0.255
Diabetes mellitus (%) 23.5 325 21 0.439
PAD (%) 0.0 4.6 23 0.429
CKD (%) 2.9 2.3 4.6 0.826
COPD (%) 8.8 7 7 0.942
BMI (kg/m?) 29+4 27 +4 274 0.047
LVEF (%) 43+7 43+8 45+7 0.963

BMI - body mass index; CKD - chronic kidney disease; COPD - chronic
obstructive pulmonary disease; LVEF - left ventricular ejection fraction;
PAD - peripheral arterial disease
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which was higher incidence than in other groups, but the
difference was insignificant. Thrombus aspiration was
used as a first intervention in only 1/4 to 1/3 of patients
while the balloon angioplasty was used in more than half
of patients in all groups. The interventions were deemed
successful in almost all patients with restoration of TIMI
III flow (Table 2).

Table 2. Primary PCl characteristics in the study groups

In After 30 | Ischemia
Variable hospital days testing p
(n=34) (n=43) (n=43)
Prehospital time (min) | 295+ 199 | 225+ 196 | 241 + 220 | 0.531
D2B time (min) 5126 47 £33 44 £29 | 0.604
Radial access (%) 55.9 51.2 46.5 0.715
Triple vessel disease (%) 41.2 23.2 23.2 0.146
LAD culprit (%) 41.2 37.2 30.3 0.593
Cx culprit (%) 17.6 18.6 13.9 0.832
RCA culprit (%) 41.2 442 558 0.382
Thrombus aspiration (%) 353 25.6 25.6 0.568
Predilatation (%) 50 65.1 60.4 0.398
GP lIbllla inhibitor (%) 20.6 18.6 20.9 0.959
Total contrast load (ml) | 157 +71 | 156 +63 | 153 +42 | 0.963
TIMI I flow (%) 100 97.7 97.7 0.669

Cx - circumflex artery; D2B - door to balloon time; GP - glycoprotein; LAD -
left anterior descending; RCA - right coronary artery; TIMI — thrombolysis in
myocardial infarction

Table 3. Incidence of MACCE events in the study groups

Variable In(:isg‘i‘t)al Aft(er:iag)ays Isch?rr;ni:a:?e’:)sting
Death, n (%) 0(0) 0(0) 2 (4.6)
Repeated MI, n (%) 1(2.9) 1(2.3) 2(4.6)
Repeated PCl, n (%) 2(5.9) 2(4.6) 4(9.2)
CVI, n (%) 0(0) 0(0) 1(2.3)
MACCE, n (%) 3(8.8) 3(6.9) 9(20.9)

CVI - cerebrovascular insult; MI - myocardial infarction; PCI - percutaneous
coronary intervention; MACCE — major adverse cardio-cerebral event

The patients randomized to complete revascularization
during initial hospitalization underwent the procedure at a
median of 6 [4-7] days after primary PCI, while the median
time to complete PCI was 35 [32-39] days in a group ran-
domized to staged intervention. In ischemia testing group
patients underwent dobutamine stress echocardiography
at 36 [31-46] days after initial admission for STEMI. Of
these patients 16/43 (37.2%) were treated with PCI based
on positive test results at the median of 82 [66-147] days
after infarction (p < 0.001). All patients with positive stress
test result were treated with PCI of the non-culprit vessels,
according to the study protocol.

The patients were followed for median of 1046 [734-1220]
days and the adverse events occurred infrequently in all
groups. The incidence of stable angina class CCS II and
higher was similar in all study groups (group I 1/34, group
11 3/43, group I1I 3/43, p = 0.137). Kaplan—-Meier freedom
from angina curves demonstrated relatively late onset of
angina, similar in all study groups (log rank p = 0.309)
(Figure 1). The MACCE events occurred more frequently
in patients assigned to ischemia testing after initial culprit
only primary PCI (table 3). Adverse cardiovascular events
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Figure 1. Kaplan-Meier plot representing freedom from angina CCS Il
during follow up in days after initial event (study groups A - immediate
complete revascularization; B — delayed complete revascularization;
C - revascularization based on stress-echocardiography)

occurred less frequently in patients that underwent planned
revascularization either at the initial hospitalization or
after 30 days from initial primary PCI, compared to those
who underwent ischemia testing (7.8 vs. 20.9%, p = 0.040).
Kaplan—-Meier survival analysis favored complete delayed
revascularization (log rank p = 0.041) (Figure 2).

DISCUSSION

This pilot randomized study, done in a single, high volume
PCI university center, has demonstrated that strategy based
on single dobutamine stress echocardiography test to detect
ischemia in non-culprit vessels territory after culprit only
primary PCI was associated with increased incidence of
adverse cardiovascular events compared to complete staged,
angiography guided revascularization after primary PCI
for first ever STEMI in patients with MVD during long
term follow up.

The decision when to do staged PCI after primary PCI
can be affected by many factors. A prothrombotic and
inflammatory milieu related to possible stent thrombosis,
large myocardial territory at risk with multivessel PCI in
STEMI along with the procedural risks (increased radia-
tion and contrast load) can all lead to decreased benefit of
immediate complete revascularization [11, 12]. In addition,
an estimate of severity of the non-culprit lesions could be
jeopardized by spasm of the entire coronary tree leading
to unnecessary PCI procedures [13]. Older age, overt heart
failure, decreased renal function and additional medical
conditions requiring attention can be the reasons to avoid
complete revascularization during initial hospitalization that
could translate to increased incidence of adverse events [14,
15]. The staged PCI for STEMI can be beneficial compared
to culprit only PCI as Cui and al. has showed in retrospective

‘ DOI: https://doi.org/10.2298/SARH200315108lI

Figure 2. Kaplan-Meier plot representing freedom from major adverse
cardio-cerebral events (MACCE) during follow up in days (study groups A
- immediate complete revascularization; B — delayed complete revascu-
larization; C - revascularization based on stress-echocardiography result)

analysis of more than 1000 patients. The staged procedure
was done within 30 days of primary PCI and after propen-
sity matching of patients, had lower incidence of MACCE.
However, the same study failed to demonstrate the benefit
of this strategy for diabetic patients [16]. The registry by
Hannan et al. [6] has demonstrated a benefit in terms of
reduced mortality at 12 months for staged PCI within 60
days after initial primary PCI compared to culprit only PCI
within the initial hospitalization. The study also demon-
strated increased in-hospital mortality for multivessel PCI
at the initial procedure [6]. Recently published large trial
that included more than 4000 patients has demonstrated
consistent benefit of complete revascularization in MVD
patients with STEMI compared to culprit only primary PCI
during long term follow up. The complete revascularization
was done either during initial hospitalization or within 45
days from initial event [17]. A large Korean registry data
also supported the strategy of delayed complete revascu-
larization during initial hospitalization in MVD [18]. The
findings in our study support complete revascularization
at initial hospitalization or after 30 days based on lesion
severity assessed at initial coronary angiogram, showing
reduced incidence of MACCE.

The strategy based on non-invasive ischemia testing,
in our study, was associated with increased incidence of
MACCE. Kaplan-Meier curves separate late in the follow up,
when there was higher incidence of events in the ischemia
testing group. The reason for this could be the progression
of atherosclerotic disease that was not detected as significant
ischemia burden on the early dobutamine stress echocar-
diographic study. Atherosclerosis is a progressive disease
and it has been demonstrated that patients that suffered an
event would have high incidence of repeated events despite
the revascularization and medical treatment [19]. Also,
stress testing after revascularization usually yields very few
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repeated revascularization procedures irrespective of the
test results [20]. However, positive test results in terms of
inducible ischemia usually are related to increased incidence
of adverse events. In the meta-analysis by Harb et al. [21],
that analyzed the studies where stress echocardiography
was used to detect ischemia after revascularization, it has
been demonstrated that inducible ischemia was associated
with increased incidence of adverse cardiovascular events.
This study pointed out that older age and time interval
between initial revascularization and the positive stress test
were predictors of worse outcomes, meaning that longer
the time interval between the revascularization and the
test, more adverse events occurred. The authors stressed
that the impact of time interval was caused by progression
of coronary artery disease and more events occurring
during longer follow up period [21]. The study by Sicari
et al. [7], has pointed out that early stress test after MI
could be helpful in predicting adverse events during short
term follow up, up to one year, but thereafter progression
of atherosclerotic disease in a non-culprit vessels may
provoke new ischemic events, as shown in large Swedish
registry of patients with MI undergoing culprit only pri-
mary PCI [8, 22]. Patients in our study underwent stress
echocardiography early after initial event and additional
tests were not planned, so the higher incidence of events
was probably due to further progression of atherosclerosis
and/or restenosis of previously treated lesions. Late onset
of angina as a sign of progressing atherosclerosis, long after
the test was done, further supports the idea that the higher
rate of MACCE events in the ischemia-testing group was
due to progression of atherosclerotic lesions that, albeit
present, did not provoke myocardial ischemia at the time
of the test. Also, stress tests in asymptomatic patients yield
few repeated revascularization procedures, a fact that had
to be accounted for [23]. On the other hand, in other two
groups we might have treated with PCI some intermediate
lesions that were not physiologically significant or caus-
ing ischemia, despite perceived as significant on coronary

REFERENCES

1. Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zimetbaum P,
Costantini C, et al. Impact of multivessel disease on reperfusion
success and clinical outcomes in patients undergoing primary
percutaneous coronary intervention for acute myocardial
infarction. Eur Heart J. 2007;28(14):1709-16.

2. Wald DS, Morris JK, Wald NJ, Chase AJ, Edwards RJ, Hughes
LO, et al.; PRAMI Investigators. Randomized trial of preventive
angioplasty in myocardial infarction. N Engl J Med.
2013;369(12):1115-23.

3. Gershlick AH, Banning AS, Parker E, Wang D, Budgeon CA, Kelly
DJ, et al. Long-Term Follow-Up of Complete Versus Lesion-Only
Revascularization in STEMI and Multivessel Disease: The CvLPRIT
Trial. J Am Coll Cardiol. 2019;74(25):3083-94.

4. Engstrem T, Kelbaek H, Helqgvist S, Hofsten DE, Klevgaard L,
Holmvang L, et al; DANAMI-3—PRIMULTI Investigators. Complete
revascularisation versus treatment of the culprit lesion only in
patients with ST-segment elevation myocardial infarction and
multivessel disease (DANAMI-3—PRIMULTI): an open-label,
randomised controlled trial. Lancet. 2015;386(9994):665-71.

5.  lbanezB, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci
C, Bueno H, et al; ESC Scientific Document Group. 2017 ESC
Guidelines for the management of acute myocardial infarction
in patients presenting with ST-segment elevation: The Task Force

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):161-166

angiogram. Due to small cohort of patients the benefits of
such treatment probably exceeded the potential “costs” in
terms of complications and restenosis [24, 25].

How to treat MVD patient after primary PCI in STEMI
remains an open question. Complete revascularization based
on angiographic estimate of stenosis severity has proven
benefits but comes with a risk of unnecessary interven-
tions producing more restenosis and stent thrombosis.
A strategy of repeated noninvasive ischemia testing after
initial revascularization may discern between the patients
deemed for revascularization and the ones who should
be treated medically avoiding the risks of inappropriate
invasive procedures. The timing and the interval between
repeated test need to be investigated further.

Study limitation

The study included small number of selected patients (first
ever myocardial infarction in native coronary artery, no
CTO, preserved LVEEF, good echocardiographic windows)
with MVD and STEMLI, therefore its conclusions may not
be applicable to general population. In the study we used
dobutamine stress echocardiography to assess ischemia. This
test with its inherent limitations in detecting ischemia may
influence decisions to perform further revascularization.

CONCLUSION

The ischemia-guided strategy based on early single do-
butamine stress echocardiography test may be inferior to
complete revascularization based on angiographic estimate
of stenosis severity in multivessel disease patient within
thirty days after primary PCI for first ever STEMI. The
repeated testing may improve detection of atherosclerosis
progression and allow institution of appropriate treatment.

Conflict of interests: None declared.

for the management of acute myocardial infarction in patients
presenting with ST-segment elevation of the European Society of
Cardiology (ESC). Eur Heart J. 2018;39(2):119-77.

6. Hannan EL, Samadashvili Z, Walford G, Holmes DR Jr, Jacobs
AK, Stamato NJ, et al. Culprit vessel percutaneous coronary
intervention versus multivessel and staged percutaneous
coronary intervention for ST-segment elevation myocardial
infarction patients with multivessel disease. JACC Cardiovasc
Interv. 2010;3(1):22-31.

7. SicariR, Picano E, Landi P, Pasanisi E, Venneri L. Pharmacologic
stress echocardiography predicts total mortality early after acute
myocardial infarction. J Am Soc Echocardiogr. 2004;17(2):114-20.

8. Pellikka PA, Arruda-Olson A, Chaudhry FA, Chen MH, Marshall JE,
Porter TR, et al. Guidelines for Performance, Interpretation, and
Application of Stress Echocardiography in Ischemic Heart Disease:
From the American Society of Echocardiography. J Am Soc
Echocardiogr. 2020;33(1):1-41.e8.

9.  Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
et al; Executive Group on behalf of the Joint European Society of
Cardiology (ESC)/American College of Cardiology (ACC)/American
Heart Association (AHA)/World Heart Federation (WHF) Task
Force for the Universal Definition of Myocardial Infarction. Fourth

www.srpskiarhiv.rs

165



166

Universal Definition of Myocardial Infarction. J Am Coll Cardiol.
2018;72(18):2231-64.

Urban P, Mehran R, Colleran R, Angiolillo DJ, Byrne RA, Capodanno
D, et al. Defining high bleeding risk in patients undergoing
percutaneous coronary intervention: a consensus document from
the Academic Research Consortium for High Bleeding Risk. Eur
Heart J. 2019;40(31):2632-53.

Chan MY, Andreotti F, Becker RC. Hypercoagulable states in
cardiovascular disease. Circulation. 2008;118(22):2286-97.
Kereiakes DJ, Gurbel PA. Peri-procedural platelet function
antiplatelet inhibition in percutaneous coronary intervention. J
Am Coll Cardiol Intv. 2008;1(2):111-21.

Hanratty CG, Koyama Y, Rasmussen HH, Nelson GIC, Hansen

PS, Ward MR. Exaggeration of nonculprit stenosis during acute
myocardial infarction: implication for immediate multivessel
revascularization. J Am Coll Cardiol. 2002;40(5):911-16.

Burgess SN, French JK, Nguyen TL, Leung M, Richards DAB,
Thomas L, et al. The impact of incomplete revascularization on
early and late outcomes in ST-elevation myocardial infarction. Am
Heart J. 2018;205:31-41.

Rumiz E, Berenguer A, Vilar JV, Valero E, Facila L, Cubillos A, et al.
Long-term outcomes and predictors of morbi-mortality according
to age in STEMI patients with multivessel disease: Impact of

an incomplete revascularization. Catheter Cardiovasc Interv.
2018;92(7):E512-E517.

CuiK, Lyu S, Song X, Liu H, Yuan F, Xu F, et al. Long-Term Safety
and Efficacy of Staged Percutaneous Coronary Intervention for
Patients with ST-Segment Elevation Myocardial Infarction and
Multivessel Coronary Disease. Am J Cardiol. 2019;124(3):334-42.
Mehta SR, Wood DA, Storey RF, Mehran R, Bainey KR, Nguyen

H, et al; COMPLETE Trial Steering Committee and Investigators.
Complete Revascularization with Multivessel PCI for Myocardial
Infarction. N Engl J Med. 2019;381(15):1411-21.

Kim MC, Bae S, Ahn Y, Sim DS, Hong YJ, Kim JH, et al. Korea Acute
Myocardial Infarction Registry Investigators. Benefit of a staged
in-hospital revascularization strategy in hemodynamically stable

lli¢ 1. etal.

patients with ST-segment elevation myocardial infarction and
multivessel disease: Analyses by risk stratification. Catheter
Cardiovasc Interv. 2020; Online ahead of print. [doi: 10.1002/
ccd.29062]

19. Jernberg T, Hasvold P, Henriksson M, Hjelm H, Thuresson M,
Janzon M. Cardiovascular risk in post-myocardial infarction
patients: nationwide real world data demonstrate the importance
of a long-term perspective. Eur Heart J. 2015;36(19):1163-70.

20. Mudrick DW, Shah BR, McCoy LA, Lytle BL, Masoudi FA, Federspiel
JJ, et al. Patterns of stress testing and diagnostic catheterization
after coronary stenting in 250 350 Medicare beneficiaries. Circ
Cardiovasc Imaging. 2013;6(1):11-9.

21. Harb SC, Marwick TH. Prognostic value of stress imaging after
revascularization: a systematic review of stress echocardiography
and stress nuclear imaging. Am Heart J. 2014;167(1):77-85.

22.  Varenhorst C, Hasvold P, Johansson S, Janzon M, Albertsson, P,
Leosdottir M, et al. Culprit and Nonculprit Recurrent Ischemic
Events in Patients With Myocardial Infarction: Data From
SWEDEHEART (Swedish Web System for Enhancement and
Development of Evidence-Based Care in Heart Disease Evaluated
According to Recommended Therapies). J Am Heart Assoc.
2018;7(1):e007174.

23. Peterson T, Wells Askew J, Bell M, Crusan D, Hodge D, Gibbons
RJ. Low yield of stress imaging in a population-based study of
asymptomatic patients after percutaneous coronary intervention.
Circ Cardiovasc Imaging. 2014;7(3):438-45.

24,  Zimmermann FM, Ferrara A, Johnson NP, van Nunen LX, Escaned
J, Albertsson P, et al. Deferral vs. performance of percutaneous
coronary intervention of functionally non-significant coronary
stenosis: 15-year follow-up of the DEFER trial. Eur Heart J.
2015;36(45):3182-8.

25. Xaplanteris P, Fournier S, Pijls NHJ, Fearon WF, Barbato E,

Tonino PAL, et al; FAME 2 Investigators. Five-Year Outcomes
with PCl Guided by Fractional Flow Reserve. N Engl J Med.
2018;379(3):250-9.

KomnneTtHa y ogHocy Ha ucxemmnjom BoheHy peBacKynapusauujy nocne npumapHe
NnepKyTaHe KOPOHapHe MHTepPBEeHLMje apTepuje 04roBopHe 3a UHPAPKT Y
BULLUECYAO0BHOj KOPOHapPHOj 6onecTu — NUAOT CTyAMja

WBaH Mnuh'? Anekcangpa JaHuhujesuh?, lojko O6pagosnh?, Munuua Crepanosuh?, CphaH Kadewnh?, AnekcaHapa XusaHuh?,
Papocas Bupakosuh?3, [iparaHa YHuh-CrojaHosuh'?, iBaH CraHkoBuh??
"MHcTuTYT 33 KapanoBackynapHe 6onect feantbe, Onerbetbe MHTEpBeHTHe Kapauonoruje, beorpan, Cpbuja;

Yuusep3utet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*KnuHnuko-6onHMuKM LieHTap 3emyH, Cnyxba Kapanonoruje, beorpap, Cpbuja

CAXETAK

YBop/Llnmb PeBackynapusauyja y BrLLEeCYA0BHOj KOPOHAPHO]
6onecTtn kog bonecHrKa ca HGapKToM MroKapaa sa ST enesa-
umjom (STEMI) npepcTassba M3a30B. YNOpeauam cMo KIIMHNYKe
ncxoge namehy pasnuunTix cTpateruja peBackynapusauuje
pykoBofeHe aHrnorpadCckm NpoLeHeHNM CTENEHOM CyXeHa
W Ha OCHOBY TecTa onTepehera cpua.

Metope Y npocneKkTMBHOM UCTPaXKu1Bakby, 6onecH1um ca np-
BUM STEMI-jem 1 BULLEeCYOBHOM KOpOHapHOM 6oneluhy (BuLe
ofl 70% cy>ketba apTepuje Koja Huje OAroBopHa 3a UHGapKT)
pPaHAOMV30BaHN Cy Mocsie NpUMapHe nepKyTaHe KOPOHapHe
MHTepBeHLMje Ha 6oNecHNKe ca: A. KOMNIETHOM NepKyTaHOM
peBacKynapu3aLmjoM CBUX fe3nja TOKOM MHMLMjaSTHE XOCTnTa-
nu3auyje; b. komnneTHom peBackynapusayujom nocne 30 AaHa;
B. peBackynapu3aLujom Ha OCHOBY NpOBOKabunHe ncxemuje.
Cryavja je 6enexuna HacTaHaK HeXeSbeHNX KapAoBacKyap-
HnX pgorahaja — cpuaHe CMPTY, NOHOBIbEHOT NHbAPKTa MMOKap-
Aa, uepebpoBackynapHor gorahaja.

Pesyntatu YkibyyeHo je 120 6onecHrKa Koa Kojux je Bpeme
[0 penepdysuje 610 y rpaHMLamMa NPenopyyYeHrX BpegHoCTu
(A51+26vs.b 47 + 33 vs. B 44 + 29 muHyTa, p = 0,604). bo-
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necHMUM y rpynu A cy NOABPrHYTU KOMMNNETHOj peBackynapu-
3aumju 6 (4-7) naHa nocne NnpuMapHe NepkyTaHe KOPOHapHe
NHTepBeHLWje, BOK Cy Y rpynu b peBackynapu3osaHu nocie 35
(32-39) paHa. Y rpynu B, 16/43 (37,2%) 6onecHuKa je nogsprHy-
TO NepKyTaHOj KOPOHAPHOj HTEPBEHLUWMjU nocne 82 [66-147]
AaHa op uHdapkTa (p < 0,001). bonecHuuy cy npaheHn Tokom
2,7 + 0,8 rogrHa. HexxerbeHuix forahaja je 6vno marbe Kog 60-
NeCHWKa Koju Cy NOABPrHYTU KOMIM/IETHOj peBacKynapusaLumjn
y 0fJHOCY Ha TecTupaHe Ha ncxemujy (7,8 vs. 20,9%, p = 0,040).
KannaH-MejepoBom aHanM30M NoKasaHa je npeHOCT KOMMJIET-
He peBacKynapu3auuje y TOKy UH/LMjanHe xocnuTtanusauuje
(HexxerbeHU KapanoBacKkynapHu gorahaju A 8,8 vs. b 6,9 vs.
B 20,9%, log rank p = 0,041).

3akmyuak lnaHupaHa, aHrnorpadujom BoheHa KomneTHa
peBacKynapu3saymja, nocie nprMapHe nepKyTaHe KOpOHap-
He VHTepPBEHLMje, MOXe 61Tn 6osba CTpaTernja y ogHoCy Ha
nojefnHaYHo TeCTUparbe Ha UCXeMUjy KOA BULLECYAOBHE KO-
poHapHe 6onecTu.

KrbyuHe peun: KopoHapHa 601ecT; MHbapKT M1oKapaa; Tect
ontepeherba cpLa
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SUMMARY

Introduction/Objective Cardiovascular disease is one of the most common comorbidities among subjects
with chronic obstructive pulmonary disease (COPD). The aim of this study is to evaluate electrocardiogram
(ECG) parameters and mortality predictors in COPD patients.

Methods A total of 835 consecutive patients were included. The patients were classified to suffer from
COPD if the forced expiratory volume in the first second (FEV1) and forced vital capacity (FVC) was < 70%
in three consecutive postbronchodilator measurements. The following ECG changes were observed: axis,
P wave, low ORS complex, transitional zone, left bundle branch block (LBBB), right bundle branch block
(RBBB), incomplete RBBB, S152S3 configuration, negative T in V1-V3. The patients were followed up for
mortality over a five-year period.

Results Both survivors and non-survivors were of similar age, sex, and COPD status. FVC and FEV1, as well
as Global Initiative for Chronic Obstructive Lung Disease stadiums were significantly higher in the survivor
group (p < 0.016, p < 0.001, p < 0.001, respectively). Normal axis was in significantly higher percentage in
non-survived patients (p = 0.020). RBBB and incomplete RBBB are more frequent findings in patients who
died (p < 0.001, p < 0.05, respectively). LBBB, S152S3 configuration is in significantly higher percentage
present in non-survivors (p < 0.016, p < 0.001, respectively). In the multivariable logistic model, patients
with LBBB have two times higher chance of mortality compared to patients without LBBB. In contrast,
patients with RBBB have 1.6 times lower chance of having death outcome.

Conclusion The main ECG predictors of COPD patients’ five-year mortality are LBBB and RBBB, but ac-
cording to statistical model, ECG should be further explored and possibly obligatory involved in a routine

clinical practice as an easy and low-cost screening method.
Keywords: chronic obstructive pulmonary disease; electrocardiography; mortality

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
is a very common, preventable and treatable dis-
ease, characterized by respiratory symptoms and
airflow limitation due to airway and/or alveolar
abnormalities, caused by significant exposure
to noxious particles or gases [1]. It is the fourth
leading cause of death worldwide, exceeded
only by myocardial infarction, malignancy, and
stroke [2]. Among chronic high morbidity and
mortality diseases throughout the world, many
aged people suffer from COPD and die prema-
turely [2, 3]. COPD complexity and mortality
are increased by its exacerbations and co-mor-
bidities [4]. Along with pulmonary involvement,
there are significant extra pulmonary effects in
COPD [3, 4, 5]. COPD can influence electrocar-
diographic (ECG) changes variously.

COPD is often associated with cardiovascu-
lar diseases, thus representing one of the most
frequent and clinically important coexisting
conditions. An accumulating body of evidence
indicates COPD association with coronary

artery disease (CAD), chronic heart failure,
hypertension, and cardiac arrhythmias, inde-
pendent of shared risk factors [6, 7]. Apart from
the common risk factors presence (age, smok-
ing habit, environmental pollutants, sex, and
diet), it appears that multiple pathophysiologic
abnormalities contribute to both the COPD and
CAD development and progression. COPD and
CAD association is characterized by specific
ECG abnormalities [5, 6, 7].

Changes of Sokolow-Lyon index and clock-
wise rotation of the horizonal QRS axis are
some of the changes. ECG changes can be
found in different stages of COPD and can be
associated with the increased death risk. An in-
creased burden of cardiac arrhythmias has also
been recognized recently [5]. In COPD, vari-
ous mechanisms can influence ECG diversely,
independent of a possible CAD [6]. The most
consistent patterns reported have been vertical
axes for P and QRS and increased P wave ampli-
tude (P-pulmonale). The QRS amplitudes are of-
ten reduced. Previous studies have related ECG
findings with obstruction and emphysema and
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increased pulmonary vascular pressure or right ventricular
hypertrophy (RVH). However, none of these studies have
linked their findings to the combined effects of obstruction,
emphysema, and increased afterload [5, 6]. COPD comor-
bidities have been infrequently studied, mostly in evaluating
relationships between COPD and some specific diseases.

The current study was aimed at finding a correlation
between ECG changes and COPD, as well as at mortality
in relation to ECG [6, 7]. Regular pulmonologist examina-
tion does not include ECG. However, ECG could be the
first marker of COPD - approachable, easy to perform,
and inexpensive, but extremely helpful.

METHODS

A prospective study was conducted from January 2009 to
February 2014 at the Zemun Clinical Hospital Center and
included 835 COPD patients. COPD cases were diagnosed
and selected from patients who were attending the Outpatient
Department of Respiratory Diseases for treatment of vari-
ous respiratory problem. Exclusion criteria were any kind of
cardiovascular diseases (previous myocardial infarction, arte-
rial hypertension, angina pectoris, congenital cardiovascular
disease, heart failure, etc.) Also, patients who were not able
to adequately perform spirometry were excluded.

Spirometry was performed using Turninac pneumotach
Pony FX (Cosmed Srl, Rome, Italy), following the American
Thoracic Society / European Respiratory Society (ATS/ERS)
recommendations using postbronchodilator values in order
to overestimate the prevalence of COPD [8]. The ATS/ERS
recommendations for chronic obstructive lung disease have
defined airflow obstruction if forced expiratory volume in
the first second (FEV1) and forced vital capacity (FVC)
ratio is < 0.7 of predicted. Airflow obstruction severity was
graded according to Global Initiative for Chronic Obstruc-
tive Lung Disease (GOLD) 2011 as Stage 1 — mild, Stage
2 - moderate, Stage 3 - severe, and Stage 4 — very severe;
characterized by FEV1 the values are > 80% of predicted,
50-80% of predicted, 30-50% of predicted, and < 30% of
predicted, respectively [8]. All the patients were smokers.

All of the patients underwent ECG. A 12-lead ECG
(CARDIOVIT AT-102; SCHILLER Americas Inc., Doral,
FL, USA), including three bipolar limb leads, three uni-
polar limb leads, and six unipolar precordial leads, was
performed. All necessary precautions advised for ECG
were observed. ECG was done in the supine position. ECG
parameters were measured using the Minnesota Code, by
two independent persons, and their final judgement was
achieved by consensus in case of disagreement [9].

The P value axis and QRS complex were calculated ac-
cording to the Cabrera system [9]. The following parameters
were monitored: high, peaked wave > 2.5 mm tall in leads
I1, 111, aVF; RVH - right axis deviation of + 110° or more;
dominant R wave in V1 (> 7 mm tall or R/S ratio > 1); dom-
inant S wave in V5 or V6 (> 7 mm deep or R/S ratio < 1);
QRS duration < 120 ms); left bundle branch block (LBBB)
(the QRS duration > 120 ms, QS or rS complex in lead V1,
notched (‘M’-shaped) R wave in lead V6), incomplete RBBB
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(RSR pattern in V1-V3 with QRS duration < 120 ms), ab-
normal transitional zone (poor R wave progression or “poor
anterior R wave progression”), S1S2S3 pattern (presented
with S waves in leads I, II, and III and negative T wave
changes in V1-V3). The patients were followed up for five
years for the mortality prediction calculations.

The study protocol was approved by the Ethics Com-
mittee of the Faculty of Medicine, University of Belgrade.
All the procedures were performed in accordance with
the Helsinki declaration. All the patients have given their
written informed consent to participate in the study.

Statistical analysis

The results are presented as count (%), mean * standard
deviation or median (25-75th percentile). Group differenc-
es were analyzed using parametric (independent samples
t-test) and non-parametric tests (Mann-Whitney U-test,
Pearson’s x* test, and Fisher’s exact test). Logistic regression
analysis was performed to assess independent predictors of
mortality. All data were analyzed using IBM SPSS Statistics,
Version 20.0 (IBM Corp., Armonk, NY, USA). All p-values
< 0.05 were considered statistically significant.

RESULTS

The patients were divided in relation to exitus into two
groups — those who survived the five-year period and those
who died, as well as according to their sex. The minimum
observed age was 42 years, the maximum age was 84 years,
and the mean age (SD) was 63.4 (8.8) years. FVC was statis-
tically higher in non-survivors (70.9 + 14.8) with regard to
surviving patients (68 + 15.3). Also, FEV1 was statistically
higher in persons who died than in the surviving ones
(44.3 £10.7, 41.4 £ 11.7, respectively). FEV1/FVC ratio
was statistically higher in non-survivors than in survived
patients (63.8 £ 60.4-65.8; 63.1 + 56.9). There was no sta-
tistical difference in MEF 25-75 between the two groups.
GOLD stadiums 2, 3, and 4 were statistically higher in the
surviving group. General characteristics and lung function
of COPD patients separately for five-year survivors and
non-survivors are presented in Table 1.

As shown in Table 1, both survivors and non-survivors
are of similar age, sex, and COPD status. In contrast, FVC
and FEV1 are significantly higher in the survivor group.
FEV1/FVC is significantly higher in the survivor group,
but the difference in medians is small. Most of the patients
were in GOLD stadium 3, in whom higher mortality than
in GOLD stadiums 2 and 4 was observed.

Normal axis was statistically higher in non-survived
patients. Left axis deviation was found in 24.4.9% of non-
survivors and in 75.6% of patients who survived the five-
year period. Tall, peaked P wave > 2.5 mm in height was
described in inferior leads for 30.7% of non-survivors and
in 69.3% of survivors. The patients who had no RVH had
statistically lower percentage of five-year mortality. In con-
trast, RBBB, as well as incomplete RBBB, was a statistically
higher finding in patients who died. Low QRS was found in
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Table 1. General characteristics of chronic obstructive pulmonary
disease patients in relation to exitus

Table 2. Electrocardiographic characteristics of chronic obstructive
pulmonary disease patients in relation to the five-year mortality

- Death in five years - Death in five years
Characteristics p Characteristics p
No Yes No ‘ Yes
Age (years) 63.3+83 63.8+9.1 0.409° Axis
Sex normogram 210 (31.4%) 458 (68.6%) 0.028°
male 78 (29.5%) 186 (70.5%) 0918 left 71 (24.4%) 220 (75.6%)
female 203 (29.2%) 492 (70.8%) p>25
FVC (%) 709+ 148 68.0+15.3 0.0072 no 147 (28.2%) 375 (71.8%) 0.396°
FEV1 (%) 443 +£10.7 41.4+£11.7 <0.0012 yes 134 (30.7%) 303 (69.3%)
FEV1/FVC 63.8 (60.4-65.8) 63.1(56.9-65.4) | <0.001¢ RVH
MEF (%) 13.0(10.5-19) 14.6 (11.4-19) 0.149¢ no 269 (28.8%) 664 (71.2%) 0.056°
GOLD yes 12 (46.2%) 14 (53.8%)
2 98 (35.4%) 179 (64.6%) RBBB
3 156 (30.1%) 363 (69.9%) <0.001¢ no 184 (26.2%) 519 (73.8%) <0.001°
4 27 (16.6%) 136 (83.4%) yes 97 (37.9%) 159 (62.1%)
MEF - maximum expiratory flow-volume; FEV1 - forced expiratory volume in Incomplete RBBB
the first second; FVC - forced vital capacity no 225 (30.9%) 502 (69.1%)
2t test; 0.0472
YPearson * test; yes 56 (24.1%) | 176 (75.9%)
‘Mann-Whitney U-test; Low QRS
results are presented as count (%), mean + SD or median (25-75th percentile)
no 120 (31.3%) 263 (68.7%) 0.260°
yes 161 (28%) 415 (72%)
28% of non-survivors and in 72% of survivors, transitional | Transitional
ECG zone was found in 29.8 % of non survivors and in | no 58 (27.6%) 152 (72.4%)
70.2% of surviving patients. LBBB was statistically higher | yes 223 (29.8%) | 526 (70.2%) 0.544°
in non-survivors. S152S3 configuration was statistically | LBBB
higher in non-survivors even in a small sample; V1-V3 | no 270 (30.3%) | 622 (69.7%)
leads negative T wave was found in 34.3% of the patients yes 11 (16.4%) 56 (83.6%) o016
who died and in 65.7% survived patients; QRS duration QRS <0.12's
< 0.12 seconds was found in 33.7% of the non-survivors |0 252(28.9%) | 621(71.1%)
and in 66.3% of the surviving patients. QT < 0.12 was | yes 29 (33.7%) 57 (66.3%) 0.345°
found in 29.5% of the patients who died and in 70.5% of  |s15253
the survived ones. ECG characteristics of COPD patients | no 276 (29%) 677 (71%) )
in relation to a five-year death outcome are presented in | yes 5 (83.3%) 1(16.7%) 0010
Table 2. Significant correlation with the five-year mortal- | Negative TinV1/v3
ity is observed with normal axis, RVH, incomplete RBBB, | no 269 (29.1%) | 655 (70.9%)
LBBB, and S1S2S3. Patients with normal axis, incomplete | yes 12 (34.3%) 23 (65.7%) 0309
RBBB, and LBBB had significantly higher percentage of QT < 400 ms
mortality. In contrast, the patients with RVH and RBBB | no 2(16.7%) 10 (83.3%) .
had significantly lower percentage of the five-year mor- yes 279 (29.5%) | 668 (70.5%) 0525

tality. Only six patients had positive S152S3 and they will
not be included in the multivariate model due to the small
sample size for this analysis.

Logistic regression analysis is performed to assess sig-
nificant predictors of mortality adjusted for potential con-
founders. Univariable and multivariable logistic regression
analysis results are presented in Table 3. Only variables
with p < 0.2 are presented in the univariate analysis.

Univariate analysis revealed that lung functions (FVC,
FEV1, FEV1/FVC, GOLD) are significant predictors of
mortality. Since all of them are highly multi-correlated,
FEV1/FVC will was used for multivariate analysis as an
adjusting variable for ECG parameters. RVH, RBBB, in-
complete RBBB, LBBB, and S152S3 are also significantly
correlated with the outcome. Since S1S2S3 is positive in
only six patients, this variable was not used in multivari-
able modeling due to small sample size. The final model
was performed using logistic regression backward method.
Four steps were performed to obtain the final model, which
was compared to the first model (all variables at the begin-
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2Pearson x*test;
bFisher’s exact test
LBBB - left bundle branch block; RBBB - right bundle branch block

ning) and the results of the Hosmer-Lemeshow goodness
of fit test and Nagelkerke R* reveal similar characteristics
of both models. We decided to use simple (final, backward
model) as the model of five-year mortality predictors. The
final model revealed two significant predictors of five-year
mortality - RBBB and LBBB. Patients with LBBB had two
times higher chance of mortality compared to patients
without LBBB. In contrast, RBBB is a protective factor
and patients with RBBB have 1.6 times lower chance of
having death outcome.

DISCUSSION

COPD and cardiovascular diseases have common risk fac-
tors, including smoking and ageing. Also, both diseases are
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Table 3. Regression model with exitus as outcome

Lazovi¢ B. et al.

with the persistence of an rS pattern as far

. Univariate Multivariate (backward method) as V5 or even V6. This may give rise to a
Characteristics « . oy .
OR (95% CI) P OR (95% CI) P pseudoinfarction” pattern, with deep S
FVC 0.988 (0.978-0.997) | 0.007 waves in the right precordial leads simu-
FEV1 0.978 (0.966-0.990) | < 0.001 lating the appearance of the QS waves and
FEV1/FVC 0.949 (0.926-0.973) | <0.001| 0.951(0.928-0.974) | <0.001 poor R wave progression seen in anterior
MEF 25-75 1.005 (0.992-1.018) | 0436 myocardial infarction.
Gold 1545 (1.247-1.916) | <0.001 Other studies have shown the QRS
Axis 1421 (1.038-1.944) | 0.028 right axis deviation dominance with
RVH 0473 (0.216-1.035) | 0.061 clockwise rotation [10-13]. Unlike the
RBBB 0.581(0.429-0.787) | <0.001 | 0.610(0.448-0.830) | 0.002 study by Alter et al. [10] with the vertical
Incomplete RBBB | 1.409 (1.003-1.978) | 0.048 QRS axis predominance, the normal axis
LBBB 2.210(1.140-4.284) | 0.019 | 2.027(1.039-3.956) | 0.038 is a more common finding in our study.
$152S3 0.082 (0.009-0.701) 0.022 In fact, itisa hlghly statistically important

MEF — maximum expiratory flow-volume

presented with pro-inflammatory mechanisms and oxida-
tive stress. Sedentary lifestyle in COPD may contribute
to cardiovascular disease developing, as well [3, 4, 10]. A
number of studies have reported ECG abnormalities and
cardiac arrhythmias in COPD patients [5, 10]. The majority
of ECG abnormalities are associated with COPD, which is
mostly presented with a combination of two factors: pul-
monary hypertension and anatomic changes. Pulmonary
hypertension, however, is always the underlying pathologic
mechanism for right ventricular hypertrophy in cor pulmo-
nale and altered electrical conduction. Also, hyperinflation
causes a thorax heart displacement position. Abnormalities
in conduction usually occur late in COPD patients, after
the right ventricle hypertrophy has developed to such an
extent that its electrical forces overcome those of the left
[11]. In our study, we have found no arrhythmias, despite
the fact that almost half of the investigated groups had
developed the COPD terminal stadium.

We included 835 cases with a stabile phase of COPD,
evaluated by spirometry and electrocardiography. Some
authors have reported higher age in men as a significant
risk factor associated with FEV1 decline with age, so that
the advanced disease stage tends to reduce the FEV1/FVC
ratio [11, 12]. In our study, both sexes were of similar age,
with more female participants, which is contrary to the
fact that men suffer from COPD more frequently [11, 12,
13]. Some authors have investigated vertical QRS axis as a
single criterion for a COPD disease screening in an adult
hospital population, concluding that vertical QRS axis can
detect COPD with 89% sensitivity and 96% specificity [10,
11]. In fact, vertical QRS axis is a synonym for COPD and
its severity known as a “hanging heart” [10, 13]. It is ex-
plained by reduced Sokolow-Lyon index for left ventricular
mass by obstruction and afterload, presumably reflections
which both increased the right-sided and decreased the
left-sided QRS amplitudes by the combined anatomical and
electrical remodeling of the heart [12]. In COPD patients,
hyperinflation of the lungs leads to the depression of the
diaphragm, and this is associated with clockwise rotation of
the heart along its longitudinal axis. This clockwise rotation
means that the transitional zone (defined as the progres-
sion of rS to qR in the chest leads) shifts towards the left

‘ DOI: https://doi.org/10.2298/SARH200506104L

factor in patients who did not survive the
five-year follow-up. Also, we had no pa-
tient with right axis on ECG. Our study
has shown that vertical axis in COPD patients is not “the
holy grail’, always connected with COPD. The evaluation
of ECG abnormalities’ significance as COPD prognostic
factors has started in 1975; it was reported by Kok-Jensen
that an ECG p-II amplitude of at least 0.2 mV is related
to poor prognosis [9]. Our study has shown that P wave
> 2.5 mm in height has no predicted value in mortality
of COPD patients. In the present study, peaked P wave
(amplitude > 2.5 mm) was recorded in 52.33% of the cases
with COPD. In a SpodicK’s series, 13.9% of COPD patients
had P-wave equal or greater than 2.5 mm [14]. Carid and
Wilcken found incidence of P-pulmonale in 15.5% of their
COPD patients, while another group of authors recorded
the incidence of 32.7% in their respective studies [13, 14].
However, there was no statistical significance between sur-
vivors and non-survivors considering P wave height, which
is not in concordance with previous studies [12, 13, 14].

Patients who had RVH recorded on ECG had lower
tive-year percentage of mortality. In our study, most par-
ticipants belonged to GOLD stadium 3, which is character-
ized as severe. They had higher mortality percentage over
the five-year period compared to GOLD 2 and 4 stadiums,
despite the fact that patients in GOLD 4 stadium had very
severe airway obstruction.

Other researchers have found variable COPD pul-
monary hypertension and right ventricle remodeling
prevalence, increased by disease progression, which is in
concordance with our results [15, 16]. Although the exact
prevalence is unknown, RVH appears to be a common
complication of chronic lung disease, and more frequent-
ly complicates advanced lung disease [14, 16]. Generally,
our study has shown earlier ECG COPD presentation as
compared to previous studies, presented as early as GOLD
2 stadium, but mostly in GOLD 3 stadium. In COPD,
chronic pulmonary hypertension accompanied by right
ventricular work increase results in uniform RVH. Several
mechanisms including pathophysiology of pulmonary hy-
pertension could lead to COPD, chronic cor pulmonale,
and consecutively to the right heart failure. In patients
with COPD, P-pulmonale and the RVH ECG evidence are
not shown unless FEV1 < 45% of predicted is presented
(GOLD 2) [12, 13]. This led to the conclusion that RVH
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develops faster than expected, which could be applicable
to our study [12, 13, 16]. The appearance of complete and
incomplete RBBB in otherwise healthy individuals is be-
lieved to be benign, but several cardiac and pulmonary
diseases are known to be associated with RBBB and in-
complete RBBB. In our study, they were more frequent in
non-survivors and presented a mortality risk. Investigation
of the pathophysiology of this pattern presents a challenge
for future prospective studies. Investigators from Denmark
have explored this issue in the Copenhagen City Heart
Study prospective database with almost 19,000 subjects
in the 1976-2003 period [17]. Patients with prior myocar-
dial infarction, heart failure, or LBBB were excluded while
18,441 were included to be followed up until 2009. Primary
end points were all-cause mortality, major cardiovascular
events, and admission for COPD [17]. The original pur-
pose of the study was to focus on prevention of coronary
heart disease and stroke and to maximize the likelihood
of identifying disease causes. Still, there are no explana-
tions for a lot of questions [4, 16, 17, 18]. Thus, finding of
incomplete or complete RBBB in COPD patients should
not be neglected, and in these cases pulmonologists should
order more cardiology examinations.

LBBB has been proposed as a risk factor for cardiovascu-
lar morbidity and mortality [16, 17]. LBBB in the absence
of a clinically detectable heart disease is associated with
new-onset heart failure and death from cardiovascular dis-
eases. Further study is warranted to determine if additional
diagnostic testing or earlier treatment in patients with as-
ymptomatic LBBB can decrease cardiovascular morbidity
or mortality [19]. Our study had shown that LBBB is a
predictor of mortality in COPD patients. There are no facts
to suggest a connection between the two. Possible explana-
tions are age, smoking, hypoxemia atherosclerosis, diabetes.

It is common that patients with COPD show low ORS
complex (LQRSV), particularly in the limb leads, because
of an increased heart/chest wall distance from the lung
hyperinflation, which, if not offset, would be expected to
augment QRS potentials by the increased electrical imped-
ance [6, 15, 16]. The amplitude of the QRS complexes may
be small in patients with COPD as lung hyperinflation
leads to poor electrical conductors. Our study registered
low ORS voltage in 69% of the patients, but this had no
influence of the outcome in COPD patients.

T wave may be inverted in leads V1, V2, or V3 due to
RVH, commonly found due to varying effect of lung hy-
perinflation, axis deviation, and enlargement of the right
ventricle. Generalized ST depression with T wave inversion
may also be seen [17, 18]. In our study, negative T wave
had no predictive value in COPD mortality.

The point of our study is to find out which ECG pat-
tern could be a predictive model for five-year mortality
in COPD patients. We used logistic regression analysis
to assess significant predictors of mortality adjusted for
potential confounders. Final model discovered two signifi-
cant predictors - RBBB and LBBB. In fact, patients with
LBBB registered on ECG have two times higher chance
of mortality compared to patients without LBBB. This
finding is not surprising considering that LBBB in not a
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finding that should not be easily dismissed in any patient
or disease. In contrast, RBBB is a protective factor and
patients with RBBB have 1.6 times lower chance of fatal
outcome. To date, RBBB is not considered a dangerous con-
dition and many people have it unknowingly, without any
symptoms, and its discovery is usually incidental [17, 18].
‘Silent’ RBBB in COPD patient is a very frequent finding.
The exact explanation for this does not exist, but further
studies could elucidate electrical activity of the heart in
COPD patients [19, 20].

The ECG findings were found to be 35.7% sensitive and
95.6% specific in the diagnosis of COPD among patients
with respiratory problems. Hence, there is a chance of
false negative but not of false positive findings in detecting
COPD cases by ECG. Based on the findings of the study,
positive predictive value was found to be 71.4%, meaning
thereby that the chances of COPD are high among patients
having ECG changes. Similarly, negative predictive value
was 83%, meaning thereby that the chances of not having
COPD among patients not having ECG changes are also
quite high [6, 16, 17, 20, 21].

Improving survival of COPD patients has been the cen-
tral theme for years. Most of the conducted studies put the
focus on therapy and rehabilitation, giving no attention
to ECG screening. According to our study, ECG screen-
ing in COPD patients should be obligatory, followed-up
with regular ECG monitoring, especially if the normal axis,
incomplete RBBB, and LBBB were found. Those patients
should be monitored more frequently by both the pulmo-
nologist and the cardiologist.

CONCLUSION

COPD patients with normal axis, incomplete RBBB, and
LBBB have significantly higher percentage of five-year
mortality. Apart from that, patients with LBBB have two
times higher chance of mortality than those without it.
On the other hand, patients with RBBB have lower risk
of mortality and according to our study this pattern is a
possible protective characteristic in COPD patient. Main
ECG predictors of COPD patients’ five-year mortality are
LBBB and RBBB, but according to the statistical model,
ECG should be further explored and possibly obligatory
in the routine clinical practice as an easy and low-cost
screening method. It is extremely important to emphasize
that patients who have both cardiovascular and pulmonary
disease are at a higher risk of mortality and that both dis-
eases should be treated in parallel and independently as
recommended by the GOLD guidelines.
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Enektpokapauorpadcku npeaUKTOPU NeTOroguLLtber mopTaauteta obonenmx oa

XPOHUYHE ONCTPYKTUBHE 6onectn nayha

burbaHa J1lazoBuh', HeeHa Josnuuh?, Bnagummp Pagnosuh??, Catba LWapay?®, Page Munuh*, Bnagummnp XXyruhps,

Visan ConpgatoBuh®?

'KnuHnyko-6onHmuky LeHTap 3emyH, Cnyxba nynmonoruje, beorpag, Cpbuja;

2 YHnBep3uTeTCKa fievja KnHuKa, beorpag, Cpbuja;
YHueep3uTet y beorpaay, MegnunHcku gakyntet, beorpag, Cpbuja;

“BojHomMeMLMHCKa akagemuja, KnuHuka 3a nnyhHe 6onectn, beorpag, Cpbuja;
*Knunnuku yeHTap Cpbuje, KnuHuka 3a nnyhHe 6onectw, beorpag, Cpbuja;

SYIHCTMTYT 3a CTaTUCTUKY M MHGOpPMaTUKy, beorpag, Cpbuja

CAMETAK

YBoga/LUum Hajuewhn komopbugutetn mehy obonenum of
XPOHWYHe oncTpyKTUBHe 6onectu niyha (XOBIM) cy o6orbera
KapAnoBacKynapHOr cnuctema.

Linm oBe cTyguje je npoLieHa napameTapa efekTpoKapamo-
rpaduje (EKT) n npeankropa CMpTHOCTM Ko bonecHuKa ca
XOBI1-om.

MeTtope Y cTyaujy je ykibyyeHo yKynHo 835 6onecHuKa. bo-
necHuum cy KnacudukosaHu aa 6onyjy og XOrb-a ako je y Tpu
y3acTornHa Mepera NocTbpoHxogMnaTatopHa BpegHocT FEV1/
FVC 6una < 70%. MpaheHe cy cnepehe npomeHe y EKI-y: ocoBu-
Ha, M-Tanac, Komnnekc ¢ HUckum ORS-oM, MpenasHa 30Ha, 610K
nese rpaHe Xucosor cHona (LBBB), 6nok fecHe rpaHe (RBBB),
HEeMoTNyH 670K JeCHe rpaHe cHoma, KoHdurypaumja S15253,
HeratusaH Ty V1-V3. MpaheH je mopTanuteT obonenvx y ne-
pviogy of neT roguHa.

PesynTatn /1 npexviBenv n npemviHynm 6vnm cy CimMyHor ys-
pacTa, nona u ctatyca XOlb-a. FVC n FEV1, kao n GOLD cTa-
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Anjym, 3HauajHo cy Behu y rpynm Koja je npexusena (p < 0,016,
p < 0,001, p<0,001, pecnekTnBHo). HopmasnHa ocoBuHa buna je
Yy 3HaTHO Behem npoLeHTy Kog ympnux 6onecHuika (p = 0,020).
[ecHu RBBB v HenoTnyHu RBBB cy yewwhin Hana3 Kog bonecHrika
Koju cy ympnu (p < 0,001, p < 0,05, pecnekTnBHo). KoHdurypa-
unja LBBB, S15253 je y 3HaTHO BULLEM MPOLIEHTY KOA YMPNX
6onecHuKa (p < 0,016, p < 0,001, pecnekTMBHO). Y MynTmBa-
pvjabunHOM NOrUCTUYKOM MoAeny 6onecHuum ca LBBB nmajy
[BOCTPYKO Behy LWaHCy 3a CMPTHOCT Y nopehetby ca 6onecHu-
urma 6e3 LBBB. CynpoTtHo, 6bonecHuuw ca RBBB nmajy 1,6 nyTa
Matby LAHCY fia 13ry6e XnBOT.

3aksbyuak [maBHu EKI npeankTopn netoroguiumer mopra-
nuteta Kog XOrb-a cy LBBB 1 RBBB, anvi npema CTaTUCTUUYKOM
Mopeny, enekTpokapauorpam Tpeba Ao[aTHO NCTPAXUTA U
€BeHTYaJIHO 06aBE3HO YKIbYUNTN Y PYTUHCKY KIUHMYKY Npakcy
Kao jefiHOCTaBaH ¥ NpUCTynayaH MeToA CKPUHUHTA.

KrbyuHe peun: xpoHnYHa oncTpyKT1BHa 6onect nnyha; enek-
TpOKapAnorpam; MopTanuTeT
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Association between epidermal growth factor
receptor mutation status, clinicopathological
characteristics and TTF-1 expression in lung
adenocarcinoma - a single center study
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SUMMARY

Introduction/Objective The presence of epidermal growth factor receptor (EGFR) mutations is the best
predictor of response for therapy with tyrosine kinase inhibitors. In this study, we investigate association
between EGFR mutations and clinicopathological characteristics and thyroid transcription factor (TTF-1)
expression in lung adenocarcinomas (AD).

Methods We analyzed 142 surgical samples from patients with histologically confirmed lung AD from
January 2010 to December 2015. All tumor tissues were reclassified according to the World Health Orga-
nization criteria and EGFR mutations detected by real-time polymerase chain reaction. TTF-1 expression
was detected by immunohistochemistry in 83 out of 142 cases. The association between EGFR and TTF-1
expression was analyzed using the x? test or Fisher’s exact test with SPSS software version 20.0.
Results This study included 78 male and 64 women with a median age of 61.6 (range, 42-82) years. Acinar
(ACN) and solid (SOL) were the most common histological types (47.9% and 38.7%, respectively). TTF-1
expression was present in 69 of 83 (83%) ADs. The EGFR mutation was found in 7%, more frequently in
women, and patients with smoking history, and acinar type of AD, whereas it had no association with
age and pathological stage and TTF-1 expression.

Conclusion In conclusion, the results of this study demonstrate that the presence of EGFR mutations is
associated with some clinical characteristics and histologic type of ADs, but not with TTF-1 expression.
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INTRODUCTION

Epidermal growth factor receptor (EGFR) con-
sists of 486 amino acids and 170 kDa in size.
It is part of the ErbB family of structurally re-
lated receptor tyrosine kinases: EGFR (HERI,
ErbB1), HER2 (Neu, ErbB2), HER3 (ErbB3)
and HER4 (ErbB4), which are involved in sig-
nal transduction pathways and play a key role
in the regulation of cellular proliferation and
apoptosis. Molecular analysis of the mutation
status for EGFR is critical for treatment of ty-
rosine kinase inhibitors (TKIs), which show
improved progression-free survival (PFS) and
overall survival in inpatients with adenocarci-
nomas (AD), which is second most frequent
histological type of lung cancer found in sur-
gically treated lung cancer patients in Serbia
[1, 2, 3]. According to international guidelines,
conventional identification of EGFR genotype
requires tissue/cytologic samples (Ti/Cy), but
in the last five years, EGFR testing can be per-
formed by analyzing circulating-free tumor
DNA (cfDNA) in peripheral blood samples.
EGFR mutations are more frequent in tumors
with ADs histology, in never-smokers or light
smokers, in female, and in patients with East
Asian ethnicities. The most frequent EGFR

mutations are in-frame deletions of exon 19 and
the exon 21 L858R mutation [4, 5]. Previous in-
vestigations have demonstrated that EGFR gene
mutation is mainly detected in patients with
lepidic (LP), papillary (PAP), micropapillary
(MPP), and acinar (ACN) types, whereas the
mutation rate is extremely low in patients with
the solid (SOL) histological type [6-9].

Thyroid transcription factor 1 (TTF-1),is a
homeodomain nuclear protein that belongs to
the NK2 family of transcription factor. TTF1
is recommended as one of a panel of lineage-
specific immunohistochemical markers for AD
differentiation and may modulate lung cancer
biology. Clinicopathologic features such as
age, sex, smoking status, histological type, and
pathological stage were similar between TTF-
1-positive and TTF-1-negative tumors. TTF-
1-positive tumors have more commonly EGFR
mutations, as well as better response to EGFR
TKIs comparing to T'TF-1-negative tumors, but
TTF-1 negativity should not be the exclusion
criteria for EGFR testing [10, 11, 12].

In the present study, we investigated the
association between EGFR mutation status,
clinicopathological characteristics, and TTE-1
expression in lung AD.



Association between epidermal growth factor receptor mutation status, clinicopathological characteristics and TTF-1 expression

METHODS

Surgical samples of 142 patients with lung AD admitted
to the Institute for Lung Diseases of Vojvodina (Sremska
Kamenica, Serbia) between January 2010 and December
2015 were retrospectively analyzed.

Clinicopathological parameters including age, sex,
smoking history, pathological stage, and histological type
were recorded. The histological classification was done
based on 2015 WHO classification system and all sam-
ples were divided into five groups (ACN, PAP, MPP, LP,
or SOL).

One hundred forty-two surgical samples were fixed in
10% formalin, embedded in paraftin, cut on four-micron-
thick sections and stained with routine H&E staining.
Eighty-three of them were deparaffinized and incubated
in a citrate buffer (10 mM sodium-citrate monohydrate,
pH 6.5) at 120°C for 20 minutes in an autoclave. The sec-
tions were reacted for one hour with antibody of TTF-1
(monoclonal antibody, Denmark DAKO products) and
then incubated with a commercially available detection kit
(DAKO EnVision Plus-HRP, Dako, Glostrup, Denmark)
following the manufacturer’s instructions. Positive and
negative controls were used as appropriate. TTF-1 ex-
pression was rendered semiquantitatively on a score 0-2.
Tumors were scored according to TTEF-1 expression into
following scores: 0 (lack of expression), score 1 (< 50%)
and score 2 (= 50%) based on the percentage of positively
stained tumor cells of any intensity.

The EGFR mutations (in exons 18, 19, 20, and 21)
was done with the Cobas EGFR Mutation Test (Roche,
Basel, Switzerland) “Real time PCR” The Cobas Sample
Preparation Kit (Roche) was used for the sample prepara-
tion and DNA extraction. Automatic amplification and
detection were done on the Cobas z 480 Analyzer (Roche).

Statistical analysis

Pearson’s x* test and Fisher’s exact test were used to com-
pare frequencies of clinicopathological variables; p-values
< 0.05 were considered statistically significant. All analyses
were performed using IBM SPSS Statistics, Version 21.0
(IBM Corp., Armonk, NY, USA).

The study was done in accord with standards of the
institutional committee on ethics.

RESULTS

One hundred forty-two patients diagnosed with infiltrative
AD (Figure 1) which had been surgically resected were
included in this study. The median age of all patients was
61.6 years (ranging 42-82). The majority of patients were
males (78; 54.9%), and 13 of 142 (9.2%) had no-smoking
history (Table 1).

Most common histological types were ACN (68; 47.9%)
and SOL (55; 38.7%), with most frequent pathological stage
ITA according to the 7th TNM classification system (Table
2).
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Figure 1. Acinic type adenocarcinoma (H&E, 10x)

Table 1. Patient characteristics and epidermal growth factor receptor
(EFGR) mutation status

. e EGFR status, n (%)
Clinical characteristics | Frequency — . p
positive | negative
Total 142 10(7) 132(93)
Age, years
Median 61.6 65.5 61.3
Range 42-82 46-82 42-82
Sex
Male 78 (54.9) 3(2.1) 75(52.8) | 0.114
Female 64 (45.1) 7 (4.9) 57 (40.1)
Smoking history
Never 13(9.2) 321 10 (7) 0.05
Former/current 129 (90.8) 7(4.9) 122 (85.9)

Table 2. Histopathological characteristics of adenocarcinomas and
epidermal growth factor receptor (EFGR) mutation status

Histopathological Frequency EG.FB statlisin (‘y‘.’) .
characteristics positive | negative
Histological type

LP 6(4.2) 0(0) 6(4.2)

ACN 68 (47.9) 8(5.6) 60 (42.3)

PAP 9(6.3) 0(0) 9(6.3) 0.32
SOL 55(38.7) 2(1.4) 53(37.3)

MPP 4(2.8) 0.(0) 4(2.8)

Stage

1A 32(22.5) 3(2.1) 29 (20.4)

1B 24 (16.9) 1(0.7) 23(16.2)

1A 35(24.6) 2(1.4) 33(23.2) 0.46
1IB 28(19.7) 4(2.8) 24 (16.9)

1A 21(14.8) 0(0) 21(14.8)

I\ 2(1.4) 0(0) 2(1.4)

Total 142 (100) 10 (7) 132(93)

LP - lepidic; PAP - papillary; MPP — micropapillary; SOL - solid; ACN - acinar

Table 3. Association between TTF-1 expression and epidermal growth
factor receptor (EFGR) mutations

TTF-1 EGFR status, n (%)

. Frequency " .
expression positive negative
Score 0 14 (16.9) 2(2.4) 12 (14.5)
Score 1 3(7.2) 0(0) 6(7.2)
Score 2 63 (75.9) 3(3.6) 60 (72.3)
Total 83 (100) 5(6) 78 (94)

Sixty-three (75.9%) of the 83 cases of lung AD showed
TTEF-1 expression levels corresponding to score 2 (Figure
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2), 3 (7.2%) to score 1, and 14 (16.9%) cases lack of TTF-1
expression (Table 3).

EGFR mutations in exons 18, 19, 20, or 21 were exam-
ined in 142 cases of lung AD. The overall frequency of
EGFR mutation was 7% (10 of 142). Five cases had an in-
frame deletion in exon 19, three cases had exon 21 substi-
tutions (L858R, L861Q), and two cases exon 20 insertions.
Multiple mutations (> 2) and other EGFR mutations were
not observed (Figure 3).

Three male and seven female patients harbored EGFR
mutation (p = 0.114). Three patients with EGFR gene mu-
tation were non-smokers. (p = 0.05) (Table 1). The EGFR
mutations were found in eight ADs with ACN histologi-
cal type and in two with SOL histological type (p = 0.32).
Other histological types were without EGFR mutations.
Pathological stage with EGFR mutations were: IIB, IIA,
and IB (4, 3, and 1; p = 0.46) (Table 2). Association be-
tween TTF-1 protein expression and EGFR mutation status
is shown in Table 3. Three cases with TTF-1 expression
(score 2) had EGFR mutations. Also, EGFR mutations
were present in two cases lack of TTF-1 expression (score
0) (Table 3).

DISCUSSION

In recent years, significant progression has been obtained
in the molecular biological research of lung ADs with
EGFR mutation. EGFR mutation is a protein on cell sur-
face with intracellular tyrosine kinase (TK) activity due
to targetable activating mutations. These tumors are sus-
ceptible to TKIs such as gefitinib, erlotinib, or afatinib [9].

Ti/Cy samples are mostly obtained by sampling of the
primary tumor or a metastatic lymph node. The median
EGEFR test turnaround time for Ti/Cy samples was 11 days
for Europe and eight days for Japan. When tumor samples
are unavailable, cfDNA is a feasible sample for EGFR muta-
tion analysis because the overall concordance of EGFR mu-
tation status between matched Ti/Cy and plasma samples
was 89%. It is important to conduct mutation testing in

‘ DOI: https://doi.org/10.2298/SARH181214111T
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Figure 3. The proportion of epidermal growth factor receptor
mutations

specialized laboratories, using sensitive mutation testing
methods to ensure accuracy of the results. In Europe, 43
laboratories perform the Ti/Cy testing, while in five labo-
ratories both analysis of Ti/Cy and c¢fDNA in peripheral
blood samples are performed [11, 13, 14]. At our institu-
tion, both methods of EGFR mutation testing have been
implemented in clinical practice three years ago.

Since computed tomography (CT) is routinely used
in lung cancer diagnosis, as CT imaging is more readily
available than biopsies, many researchers proposed analy-
sis CT imaging for predicting EGFR mutations [15]. The
presence of emphysema or airway abnormality predicts a
wild type status of EGFR, while the presence of any ground
glass component indicates EGFR mutations [16]. Recently,
the deep learning model provides a non-invasive and easy
to use method for predicting the EGFR mutation status.
Wang et al. [17] retrospectively collected data from 844
lung AD patients with pre-operative CT images, EGFR
mutation, and clinical information from two hospitals. The
deep learning score demonstrated significant differences
in EGFR-mutant and EGFR-wild type tumors (p < 0.001).

ADs are the most common histological subtypes of lung
carcinoma, and it has been shown that this is associated
with activating mutations in the EGFR gene in 15% of
European and 47% of Japanese patients [18]. The most
common EGFR mutations include exon 19 deletion. Other
recurrent mutations, in exon 18-point mutations in posi-
tion G719, in exon 21 L861Q mutation, and in-frame exon
19 insertions are rare (3%; 2%, and < 1%) [19-22]. In our
study, EGFR mutations were detected in 10 of 142 (7%)
cases of AD, five of 10 were deletion in exon 19, similar to
results in other studies.

The association between EGFR mutations with patients’
age, sex, and smoking status has been demonstrated in
numerous studies with a variety of cases [23-26]. In this
investigation, EGFR gene mutation was mainly observed
in patients aged > 60 years, which is consistent with previ-
ous findings.

Mutations were found more frequently in women
(69.7%), in patients who had never smoked (66.6%), and
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in those with adenocarcinomas (80.9%) (p < 0.001) [22,
26]. Contrary to these results, in our study, EGFR muta-
tions were more frequently detected in smokers (seven of
10 cases). These differences are probably due to different
lifestyles.

Many authors have studied the association between
EGFR mutations and histologic type of AD and TTF-1 ex-
pression, as well as pathologic stage of the disease [27-30].
Villa et al. [31] reported that the most common histologic
type seen in the EGFR-mutant-positive ADs was LP (44%).
Contrary to these results, Zhang et al. [22] reported that
ACN type most frequently correlated with EGFR muta-
tion, which is consistent with our results. In our study;,
ACN (7/10) and SOL (3/10) type were independent predic-
tors of EGFR mutation. EGFR-mutated ADs may develop
through a distinct carcinogenetic pathway, in which the
MPP element may play an important role in promoting
progression and has prognostic value [32]. In our results,
MPP histologic type was detected in four of 142 (2.8%)
cases with wild type EGFR ADs. Pi et al. [27] showed that
EGFR mutation was significantly higher in stage IA than
in stage IIB (p = 0.002). In our study, there was no differ-
ence in EGFR mutations between stage IA and stage IIB,
probably because it was a single center study with a small
number of cases.

TTF-1 is expressed in the distal bronchial epithelium,
including type II alveolar epithelial cells and terminal
respiratory epithelial cells, as well as in lung carcinoma:
frequently in small cell carcinoma and in ADs [10]. Sixty-
six of 83 cases (79.5%) of lung ADs included in this study
showed score 2 (75.9%) of TTE-1 expression, while three
(7.2%) showed score 1. These results suggest that lung
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ADs expressed TTEF-1. In recent years, many studies have
mentioned the association between TTF-1 expression and
EGFR mutations [10, 12, 32, 33]. The TTF-1 positivity
staining was strongly correlated with the presence of EGFR
mutations (p < 0.001) and TTF-1 negativity was said to be
a good predictor of EGFR wild type mutations [32]. The
results of the Svaton et al. [29] study suggested that pa-
tients with EGRF wild type lung ADs and a lack of TTF-1
expression may have significantly lower PES and overall
survival, and TTF-1 expression may be a useful predic-
tor of TKIs efficacy in patients with EGFR wild type lung
ADs. The patients, TTF-1-positive or -negative ADs, could
benefit from the first-line chemotherapy [30]. Therefore,
a lack of TTF-1 expression should not exclude patients
from EGEFR testing.

To our knowledge, this is the first study that investi-

gates the association between EGFR mutation and TTF-1
expression in Serbia. Among tumors in which immuno-
histochemical analysis to TTF-1 antibody was performed
(n = 83), EGFR mutations were detected in five cases: in
three tumors with score 2 of TTF-1 expression and in two
tumors a lack of TTF-1 expression (Table 3).

CONCLUSION

The results of this study demonstrate that the presence
of EGFR mutations is associated with some clinical char-
acteristics and histologic type of AD, but not with TTF-1
expression.
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YapyKeHOCT MyTaLMOHOr CTaTyca peuenTopa enuaepmanHor pakropa pacra
€a KNMHWYKONATONOLWKNUM KapaKTepucTUKama u ekcnpecujom TTO-1
Yy ageHoKapuuHomy nayha - ctyamja jeaHor LeHTpa

[paraHa Terentuja'?, AnekcaHapa JloBpeHcku'?, TujaHa BacubeBuh', CHmniua MakcrmoBuh?
'YHuep3utet y HoBom Capy, MeguunHcku akyntet, Hosu Cag, Cpbuja;

2/ HcTuTyT 3a nnyhHe 6onectn BojsopuHe, Cpemcka Kamenunua, Cpbuja;

SMHcTuTyT 3a oHKonorujy BojsoaunHe, Cpemcka KameHuua, Cpbuja

CAXETAK

Yeopa/Uwm MprcyctBo myTauumja pelyentopa enugepmanHor
dakTopa pacta (PEDP) Hajbosby je MpeanKTop oaroBopa Ha
Tepanujy NHXMOUTOprMa TUPO3UHCKE KrHa3e. Y 0Boj CcTyauju
CMO MCTPaXMBanu yapyxeHocT myTauuja PEOP-a ca knuHuy-
KOMaTOJOLIKMM KapaKTepucT/iKaMa 1 eKCpecrjom TMPOUAHOT
TpaHcKpunumoHor daktopa 1 (TTO-1) y agneHoKapLrHoMyMa
nnyha.

MeTtope AHanu3unpaHa cy 142 xupypLuka y3opka 60necHvKa ca
XVCTOMNOLLIKM NOTBPheHM ageHoKapLuvHomoMm ryha y nepuogy
of jaHyapa 2010. go geuembpa 2015. roguHe. CBY TyMOPCKH
y30puu cy peknacmdurkoBaHu npema Kputepujymmma C30 un
Kop cBumx cy MyTauuje PEQP-a geTeKkToBaHe METOLOM NaHYaHe
peakuuje nonumepase y peanHom BpemeHy. Ekcnpecuja TTO-1
je oppeheHa nmyHoxmctoxemujckmn y 83 op 142 cnyyaja. Aco-
umjaumja myTaumja PEOP-a n ekcnpecuje TTO-1 je aHanv3mpaHa
ynotpebom x? Tecta unu Ouieposor TecTa.

DOI: https://doi.org/10.2298/SARH181214111T

Pesyntatu Y cTynujy je 6uno ykibyueHo 78 mylukapaua 1 64
XeHe npoceyHe ctapoctn 61,6 (og 42 fo 82) roguHa. AumHap-
HW 1 CONMIHM TUMOBU Cy GUNN Hajuell R XMCTONOLIKY TUMOBY
(47,9% 1 38,7%). Ekcnpecuja TTO-1 6una je npucyTHa 'y 69 o
83 (83%) ageHokapumHomMa. MyTauuje PEOP-a cy fetektoBaHe
y 7% cnyyajeBa, Yeluhie Kop eHa, GUBLLMX 1 aKTUBHIIX MyLLaya,
Ca aLMHAPHMM XMCTOJOLIKIM TUMOM 1 HICY G1ne noBe3aHe ca
roAvHama, naTosoWKUM CTagujyMmom 6onectu n ekcnpecujom
TTO-1.

3akspyuak Pe3yntati oBe CTyauje nokasyjy Aa je npucycTso
myTauuja PEQP-a yapy»eHo ca HEKUM KIMHWUYKUM KapaKTe-
PUCTUKama 1 XUCTOMOLLKMM TUMOM afeHOKapLMHOMa, anuv He
1 ca ekcnpecujom TTO-1.

KrbyuHe peun: afeHoKapLMHOM; MyTaLiyije peLenTopa envaep-

MasHor GaKTopa pacTa; KNMHUYKOMATONOLLKE KapaKTepUCTUKE;
ekcnpecuja TTO-1
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SUMMARY

Introduction/Objective Pathologic fractures are devastating complications in metastatic bone disease.
Treatment of these condition varies, and includes systemic therapies and surgical interventions. Lack of
evidence still exists for standardized care.

The aim of this study is to analyze radiological healing response and clinical outcomes after intramed-
ullary nailing (IMN) and adjuvant radiotherapy in complete pathologic fractures of femur or humerus
Methods A total of 19 patients who presented with pathological fracture were retrospectively reviewed.
Data regarding demographic characteristics, clinical outcomes and radiologic images were obtained
from hospital records. All patients in this cohort were treated with closed, unreamed IMN and adjuvant
radiation treatment.

Results Pain relief and full range of motion was obtained in all patients. The mean postoperative Mus-
culoskeletal Tumor Society scores at last follow-up were 69% (range 50-85). All patients demonstrated
complete radiographic healing between 2 and 6 months. Only one patient required reoperation for
refracture at the tip of the nail which was revised with a longer nail.

Conclusion Our study demonstrated that pathologic fractures managed with closed unreamed IMN
and adjuvant multifractional 20 Gy dose radiotherapy yielded good clinical outcomes with complete
radiologic response regardless of patient’s life expectancy, adjuvant treatments and overall condition.

Closed unreamed IMN was also associated with decreased surgical time in these high-risk patients.
Keywords: pathologic fracture; intramedullary nailing; adjuvant radiotherapy; bone healing

INTRODUCTION

Prolonged survival in patients with carcinoma
has increased the overall frequency of meta-
static disease. Bone is the third most common
site for metastatic disease, after lung and liver.
Metastatic bone disease commonly involves
the spine, followed by femur and humerus [1].

Pathologic fractures are one of the disabling
complications in metastatic bone disease and
comprise 10% of all metastatic bone lesions.
These fractures cause severe pain, morbidity
and even mortality [2]. Conservative treatment
usually is not enough to reduce the pain and
provide functional improvement [3]. With the
improvement in cancer treatment modalities,
implant technologies and surgical fixation, there
is an overall decrease in complications and the
ability to satisfy the treatment goals for these sub-
sets of patients with complex needs. Pathologic
fractures should be managed appropriately, so
that the patient can receive relevant oncological
treatment as soon as possible after surgery. The
treating orthopedic surgeon must be aware of

the compromised healing characteristics of the
pathologic bone, increased infection rate and
other associated perioperative complications
such as thromboembolism and thereby direct
treatment accordingly. The primary goal is to
obtain immediate functional recovery without
causing a delay in application of appropriate
adjuvant treatments. This in turn requires an
optimal surgical procedure that minimizes
postoperative surgical and systemic complica-
tions such as pulmonary embolism, implant
failure and disease progression. After primary
diagnosis of pathologic fracture has been clearly
established, timing of surgery and receiving
chemotherapy or radiotherapy (RT) often need
to be addressed in a multidisciplinary approach.
Preoperative planning should include patient’s
expected survival by considering possible com-
plications of available surgical options ranging
from stabilization with an intramedullary nailing
(IMN) and plate osteosynthesis to resection and
endoprosthetic reconstruction (EPR).
Among these, intramedullary fixation has
emerged as a preferred surgical technique in
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the treatment of metastatic bone disease, although it has
been reported that healing may not be accomplished. [4, 5]
Previous studies demonstrated improved clinical outcomes
for surgical fixation and adjuvant radiotherapy; however
convincing data regarding radiological fracture healing is
limited to small case series [3, 6].

The aim of this study is to analyze radiological and
clinical improvements after unreamed IMN and adjuvant
radiotherapy in terms of bone healing and clinical outcomes.

METHODS

Between 2016 and 2019, 19 patients with pathological frac-
tures due to solid organ metastases or multiple myeloma
were treated with locked IMN at our tertiary teaching
hospital. This study was approved by the institutional re-
view board. A retrospective chart review was carried out to
collect demographic data (age, sex), type of primary lesion,
previous history of pathologic fracture and radiotherapy,
metastatic status, location of the lesion within the bone,
nail dimensions, length of hospital stay, postoperative
complications, postoperative survival and functional and
radiological outcomes. Inclusion criteria included patients
with multiple metastases with pathologic humerus and
femur fractures that underwent IMN. Exclusion criteria
were endoprosthetic reconstruction, inadequate follow-
up, incomplete data due to death within two months after
operation.

Before developing an impending or a complete patho-
logic fracture, all cases except two patients had a routine
follow up by a medical oncology division and appropriate
systemic therapy was administered according to treatment
protocol of primary disease. Positron emission tomography-
computed tomography was used to identify any other
skeletal and visceral metastases in our patients. Pathologic
fracture with pain was primary indication for surgery, in
accordance with Mirels’ criteria. Patients who were deemed
stable with reasonable life expectancy (> 3 months) based
on PATHFx estimation, eligible for surgery were operated.
Our cases included multimetastatic patients and they were
all evaluated by our multidisciplinary tumor board before
surgery. Biopsy was preferred for investigating the impend-
ing or completely fractured bone lesions as the last step in
our diagnostic algorithm. We had first obtained routine
laboratory tests and performed radiological investigations.
If the patient had an unknown origin of primary lesion (two
patients in our study cohort), percutaneous needle biopsy
under general anesthesia was performed. One week after,
if the pathology was confirmed as metastatic bone lesion,
we proceed with IMN. In patients with a known primary
malignancy, tissue specimen was obtained for frozen patho-
logical evaluation. If the result was confirmed as metastatic
carcinoma, then we performed IMN as previously planned.
No preoperative embolization was performed for relatively
vascular lesions like renal cell carcinoma, angiosarcoma and
myeloma. Nailing was performed for all metadiaphyseal
fractures of the humerus and femur. Fractures involving
femoral head and distal end of humerus were excluded.
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Follow-up duration was defined from completion of
RT to last clinical/radiologic evaluation. Every patient was
followed up for a minimum of two months (range: 2-16
months). The median age at the time of the surgery was
65.5 years (range 53-86 years). None of the patients had
any history of prior RT before surgery. All patients received
postoperative bisphosphonate treatment after radiotherapy.

Clinical assessment was made using Musculoskeletal
Tumor Society rating scale score. Radiologic assessment
was made based on plain radiographs according to ra-
diological response criteria as described by Harada et al.
[7], complete response, partial response, no change, and
progressive disease.

Surgical technique:

IMN of the femur: The patient was placed on a traction
table in a supine position. Fracture reduction was achieved
under fluoroscopic guidance. A 2-3-centimeter incision
was made proximal to the greater trochanter and the fascia
was split so as to palpate the tip of the greater trochanter.
Entry point is determined on the medial face of the greater
trochanter. After guidewire was inserted, intramedullary
nail (Trigen InterTan; Smith and Nephew, Memphis, TN,
USA) was inserted with appropriate length and size by
using template X-rays. No intramedullary reaming was
performed, and no cement was used. Proximal and distal
locking was performed. Patients were allowed to bear weight
as tolerated immediately after the surgery. Postoperative
external beam radiation (20 Gy in five fractions) to the
affected long bone was administered 14 days after the
stitches were removed.

IMN of the humerus: Patient was placed in beach-
chair position. Fracture was reduced under scopy control.
Anterolateral approach was made to expose the site of
the nail entry. Entry point of the nail was at the center of
humeral head just posterior to bicipital groove. Unreamed
technique was performed according to manufacturer’s in-
structions. Nail was inserted with appropriate length and
diameter by using template X-rays. Proximal locking was
made using two or three screws. Distal locking was per-
formed using endopin technique (InSafeLock, TST Medical
Devices, Istanbul, Turkey). Patients were immobilized in
a sling. Gentle pendulum exercises were begun as toler-
ated. External beam radiation (20 Gy in five fractions) to
the affected long bone was administered 14 days after the
stitches were removed.

RESULTS

Details regarding pathologic fractures in humerus and
femur are shown in Tables 1 and 2. Lung (n = 5) and breast
carcinoma (n = 6) were the most common primary lesions,
followed by renal cell (n = 2), prostate (n = 2), multiple
myeloma, malignant epithelioma, angiosarcoma and na-
sopharyngeal carcinoma (one patient for each type). All
patients had multiple bone metastasis or lesions. There was
no concomitant pathological fracture in another extremity,
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Fracture union in pathologic fractures

Table 1. Details about the pathologic humeral fractures

Dimension of | Duration of | Length of
Age Follow-up . . N . . . N MSTS
Case Sex Primary lesion | Localization | intramedullary operation hospital | Complication
(years) (months) X N score (%)
nail (cm x mm) (min.) stay (days)
1 56 male 3 myeloma proximal 240 %x 8 35 3 none 70
2 79 | male 4 lung proximal/ 2807 30 4 none 70
diaphyseal
malignant
3 53 |female 5 epithelial diaphysis 200%x 7 20 5 none 85
carcinoma
4 | 57 | male 16 |nasopharyngeal| o i) 220x7 25 2 none 85
carcinoma
5 56 |female 6 angiosarcoma piaphysis 220x 8 25 3 none 80
6 86 male 4 lung diaphysis 280 %9 35 6 none 70
7 86 |female 5 breast diaphysis 220%x9 45 7 none 70
8 72 male 3 renal cell diaphysis 240x 8 30 3 none 75
9 71 | female 3 breast diaphysis 240%x 7 20 5 none 75
MSTS — Musculoskeletal Tumor Society rating scale score
Table 2. Details about the pathologic femoral fractures
Age Follow-up . o ‘Dimension of | Duration of | Length of o MSTS
Case Sex Primary Localization intramedullary | operation | hospital stay | Complication
(years) (months) X . . score (%)
lesion nail (cm x mm) (min.) (days)
10 62 male 8 lung subtrochanteric 400 %10 65 3 none 65
11 69 male 13 prostate | subtrochanteric 250 x 11 75 4 none 70
12 77 | female 14 breast diaphysis 360 x 11 80 5 none 60
13 58 |female 2 breast diaphysis 340 %10 55 2 none 50
14 59 | female 3 breast diaphysis 60 %9 45 3 none 60
15 80 male 2 lung intertrochanteric 250 x 12 75 6 none 70
16 84 male 3 prostate | intertrochanteric 22010 40 7 none 55
360 x 10 (right:
17 62 |female 3 breast | subtrochanteric impending 85 6 none 60
left: pathologic)
18 71 male 15 lung intertrochanteric 220%x 10 45 7 exc::i?ge 70
19| 62 | male | 16 | renalcell | Subtrochanteric | 55y, 10 75 5 none 75
/ diaphysis

MSTS - Musculoskeletal Tumor Society rating scale score

Figure 1. Case 2: a) Anteroposterior view of the pathologic humerus
fracture due to lung carcinoma (79-year-old male); b) Postoperative
view; ¢) four-month follow-up; Note callus formation at the fracture
site, indicating complete response to adjuvant radiotherapy

except one patient with bilateral pathologic humeral fractures
(case 9). Patients also had an expected survival of at least
three months according to PATHFx model [8].

The median hospital stay was three days (range 1-7
days). No complication was observed related to RT (i.e.,
wound dehiscence, pathologic fracture, infection). No re-
irradiation was performed.
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Figure 2. Case 8: a) Anteroposterior view of the pathologic humerus
fracture due to renal cell carcinoma (72-year-old male); b) Postop-
erative view; c) three-month follow-up; Note callus formation at the
fracture site, indicating complete response to adjuvant radiotherapy

Pain relief was obtained in all lesions. All patients re-
gained preoperative mobility at their last follow-up. All
lesions achieved complete radiological response with a
median of four months (range: 2-16 months) after radio-
therapy (Figures 1 and 2). One patient with left pathologic
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Figure 3. Case 17: a) Anteroposterior view of the bilateral femoral
metastatic lesions with left impending and right complete fracture
(62-year-old female, breast carcinoma); b) Magnetic resonance imaging
view of the bilateral femoral metastatic lesions; c) Postoperative view
of the bilateral femur; d) three-month follow-up; Callus formation at
fracture site, indicating complete response to adjuvant radiotherapy
(white arrow)

femur fracture underwent prophylactic fixation for right
impending femur fracture (Figure 3). The only complica-
tion requiring reoperation was a refracture distal to short
proximal femoral nail due to tumor recurrence. This was
also revised with a long intramedullary implant with bony
union thereafter (Figure 4). All patients were alive at the
time of last follow-up.

DISCUSSION

There are only few studies evaluating outcomes and bone
healing after fixation of pathological fractures and adjuvant
radiotherapy for treatment of metastatic bone lesions [3,
6, 9]. Previous studies generally put emphasis on surgical
decision making based on survival, clinical outcomes and
perioperative complications [10].

The data on bone healing potential after surgical fixa-
tion of complete pathologic fractures dates back to early
1980s. Apart from this, clinical effects of radiotherapy in
pathologic fractures are also inconclusive [1]. It is gener-
ally assumed that postoperative radiotherapy will increase
the likelihood of delayed union and nonunion; however,
adjuvant multifraction RT has been recommended to
accelerate bone healing, control disease progression and
avoid implant failure in the literature [10, 11].

Harada et al. [7] suggested that healing of the metastatic
lesions can be accomplished with only radiotherapy in
impending fracture cases and non-progressive metastatic
bone disease.

In complete pathologic fractures, bone healing can be
improved with internal fixation and adjuvant radiotherapy.
Gainor and Buchert [6] demonstrated that internal fixation
of pathologic fractures resulted in improved union in cases
who survived six months or longer. They also added that
union rate in patients receiving adjuvant radiotherapy was
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Figure 4. Case 18: a) Anteroposterior view of the femoral metastatic
lesion with a pathologic fracture of the proximal third of femur which
is fixed with intramedullary nail (71-year-old male, lung carcinoma);
b) Postoperative radiograph; c) At three-month follow-up, patient
presented with fixation failure due to short intramedullary implant;
anteroposterior radiograph demonstrated stress riser effect of the
short nail; d) Postoperative view of long revision intramedullary nailing;
e) Radiotherapy was given due to progression; f) 15-month follow-
up; Pain relief and satisfactory clinical improvement was obtained;
Screw-out was observed but this complication did not interfere with
patient’s clinical outcome

found to be higher in internal fixation group compared to
cast immobilization. Additionally, internal fixation was
recommended as necessary for patients whom received
greater than 30 Gy dose due to its inhibitory effect on
callus formation [6].

Townsend et al. [12] compared clinical results of 29
patients who underwent surgery alone with 35 patients
who received postoperative adjuvant radiotherapy. The
median dose of RT was 30 Gy. On multivariate analysis,
postoperative RT has been found to be an independent
positive factor for functional improvement with decreased
secondary surgery rates; however, they did not evaluate
union [12].

Redmond et al. [3] administered adjuvant radiotherapy
on 11 cases with 14 humerus pathologic fractures whom
underwent static IMN. They obtained good to excellent
results with osseous healing in seven of eleven fractures
whom survived at least three months. No major complica-
tion except one case who underwent screw removal due
to irritation was noted. [3] Atesok et al. [9] reported on
22 pathologic humeral fractures managed with IMN 20
of whom received adjuvant RT. Union was observed in
88% (15/17) of all the patients who survived at least three
months after the procedure. Ofluoglu et al. [13] treated 23
patients with pathological humerus fractures who underwent
IMN and low dose adjuvant RT. Four weeks following the
surgery, 20 patients were alive and 12 cases had complete
union. Van Geffen et al. [14] reported that they experienced
similar pain scores with remarkable less complication in
radiotherapy group relative to non-irradiated cases after
IMN although there are few RT cases (21% irradiated
vs. 14% not irradiated). Moura et al. [15] reported on 82
patients with pathologic humerus fractures treated with
IMN and adjuvant radiotherapy. They stated that closed
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Fracture union in pathologic fractures

unreamed static locked nailing was a fast, safe, and effec-
tive surgery with low morbidity. He also emphasized that
closed IMN decreased the risk of impaired healing after
adjuvant radiotherapy.

Moon et al. [16] performed IMN in 40 patients with
sarcoma metastasis. In total, 11 patients received either
preoperative or postoperative radiotherapy. Fracture union
was not achieved in the majority of cases; however, they
concluded that multimetastatic patients with primary bone
and soft tissue sarcomas and poor survival had palliative
benefit [16].

Our findings are in accordance with these studies. Clinical
improvement and radiological healing were achieved in
the short term, regardless of over-all disease specific sur-
vival from primary disease. All these studies indicate that
benefits of multifraction RT outweigh the risks reported
in literature. According to radiological outcomes of the
current study, it is possible that this regimen will boost
bone healing after surgical fixation of pathologic fractures.
Compared to preoperative RT, postoperative RT is more
advantageous in terms of lower risk of wound complications
and availability of pathologic evaluation for individualized
adjuvant treatment. To minimize these potential risks, our
study group received low dose postoperative RT (20 Gy)
after intramedullary stabilization with a complete radiologic
response. Compared to endoprosthetic reconstruction
and plate fixation, these patients may benefit from closed
unreamed IMN with less postoperative wound problems in
a manner that will allow patients for immediate commence-
ment of radiotherapy and medical oncology treatment.

Another important issue is that proximal and distal
locking should be performed to ensure enhanced stabil-
ity. The only revision was due to a short proximal femoral
nail in our study cohort. This representative case demon-
strated that stabilizing the entire length of the long bone
obviates the need of re-surgery due to disease progression.
Protecting the entire bone has also been associated with
increased survival in a recent study [17]. Like femoral le-
sions, all humeral lesions have been satisfactorily managed
with IMN. The same technical rules were applied for these
lesions. Proximal and distal static locking was performed.
Although cementation of the fractured fragments pro-
vides initial stability, in long term implant failure risks
increase as the fracture does not heal due to cement [18].
Intramedullary reaming in pathologic fracture is another
important point. This issue is controversial and we did not
prefer reaming due to possible tumoral contamination and
vascular tumoral spread. In line with our opinion, a recent
study by Younis et al. [19] supported the use of unreamed
IMN in pathologic humerus fractures with the advantages

REFERENCES

1. Willeumier JJ, van der Linden YM, van de Sande MAJ, Dijkstra PDS.
Treatment of pathological fractures of the long bones. EFORT Open
Rev. 2017;1(5):136-45.

2. AmenTB, Varady NH, Birir A, Hayden BL, Chen AF. Morbidity and
mortality of surgically treated pathologic humerus fractures
compared to native humerus fractures. J Shoulder Elbow Surg.
2020:51058-2746(20)30896-X.

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):179-184

of less blood loss, systemic complications and decreased
hospital stay.

For femoral neck and head lesions, endoprosthetic re-
construction should be preferred. Nevertheless, given their
high implant costs, fixation with long IMN may be a more
cost-effective option for pathologic fractures in metaphyseal
and diaphyseal long bone lesions by avoiding additional
surgeries due to complications specific to arthroplasty
(i.e., dislocation, intraoperative bleeding, infection) [20].

Osteosynthesis with plate fixation is less preferred for
pathological fracture fixation as quality of bone stock
proximal and distal to fracture is abnormal and reliable
fixation may be harder to achieve. Hoellwarth et al. [21]
analyzed 105 interventions due to pathologic humerus
fractures which were managed by photodynamic therapy,
IMN, and plate fixation. Although reoperation rates were
similar at each time point, IMN had lowest rate of broken
implants compared to plate fixation. This study supports
our preference of IMN against plate fixation.

Furthermore, the intramedullary nail stabilizes the full
metaphyseo-diaphyseal length of the bone and is a load
sharing device compared to a plate which is a load bear-
ing device. Lastly, one important point is that solitary or
oligo bone lesions due to solid organ metastases deserve a
different approach. Wide resection as is the norm for the
primary malignant bone tumors, that may prolong survival
and be curative in selected cases. Prior to pathological
fracture stabilization, the surgeon should be sure about
the histologic subtype of the malignant cells. Diagnostic
work-up for these lesions should follow the established
orthopedic oncology principles.

Limitations of this study include a small sample size
and retrospective study design. Although femur and hu-
merus are most commonly affected long bones, tibia is
another common site for pathologic fractures where IMN
is advocated. There is no control group for comparison
and further studies comparing IMN to plate fixation with
adjuvant radiotherapy or RT alone in patients who are not
eligible for surgery will be very helpful.

CONCLUSION

In multimetastatic cases, closed unreamed IMN of humeral
and femoral diaphyseal pathologic fractures with adjuvant
low dose RT offered good osseous healing with minimal
complications and improved quality of life as reflected in
their Musculoskeletal Tumor Society rating scale scores.

Conflict of interest: None declared.

3. Redmond BJ, Biermann JS, Blasier RB. Interlocking intramedullary
nailing of pathological fractures of the shaft of the humerus. J Bone
Joint Surg Am. 1996;78(6):891-6.

4. RaiP AzizS, Kannan S, Ashford R; Collaborators. Current surgical
management of metastatic pathological fractures of the femur: A
multicentre snapshot audit. Eur J Surg Oncol. 2020;46(8):1491-5.

www.srpskiarhiv.rs

183



184

Mavrovi E, Pialat JB, Beji H, Kalenderian AC, Vaz G, Richioud B.
Percutaneous osteosynthesis and cementoplasty for stabilization of
malignant pathologic fractures of the proximal femur. Diagn Interv
Imaging. 2017;98(6):483-9.

Gainor BJ, Buchert P. Fracture healing in metastatic bone disease.
Clin Orthop Relat Res. 1983;(178):297-302.

Harada H, Katagiri H, Kamata M, Yoshioka Y, Asakura H, Hashimoto
T, et al. Radiological response and clinical outcome in patients

with femoral bone metastases after radiotherapy. J Radiat Res.
2010;51(2):131-6.

Forsberg JA, Wedin R, Boland PJ, Healey JH. Can We Estimate Short-
and Intermediate-term Survival in Patients Undergoing Surgery for
Metastatic Bone Disease? Clin Orthop Relat Res. 2017;475(4):1252-
61.

Atesok K, Liebergall M, Sucher E, Temper M, Mosheiff R, Peyser A.
Treatment of pathological humeral shaft fractures with unreamed
humeral nail. Ann Surg Oncol. 2007;14(4):1493-8.

. Weiss RJ, Ekstrom W, Hansen BH, Keller J, Laitinen M, Trovik C,
et al. Pathological subtrochanteric fractures in 194 patients: a
comparison of outcome after surgical treatment of pathological
and non-pathological fractures. J Surg Oncol. 2013;107(5):498-504.

. Adamietz IA, Wolanczyk MJ. Functional recovery after surgical
stabilization and postoperative radiotherapy due to metastases of
long bones. Strahlenther Onkol. 2019;195(4):335-42.

. Townsend PW, Rosenthal HG, Smalley SR, Cozad SC, Hassanein RE.
Impact of postoperative radiation therapy and other perioperative
factors on outcome after orthopedic stabilization of impending
or pathologic fractures due to metastatic disease. J Clin Oncol.
1994;12(11):2345-50.

. Ofluoglu O, Erol B, Ozgen Z, Yildiz M. Minimally invasive treatment
of pathological fractures of the humeral shaft. Int Orthop.
2009;33(3):707-12.

Okay E. et al.

14. Van Geffen E, Wobbes T, Veth RP, Gelderman WA. Operative
management of impending pathological fractures: a critical
analysis of therapy. J Surg Oncol. 1997;64(3):190-4.

15. Moura DL, Alves F, Fonseca R, Freitas J, Casanova J. Treatment of
Pathological Humerus-Shaft Tumoral Fractures with Rigid Static
Interlocking Intramedullary Nail-22 Years of Experience. Rev Bras
Ortop (Sao Paulo). 2019;54(2):149-55.

16. Moon BS, Dunbar DJ, Lin PP, Satcher RL, Bird JE, Lewis VO. s It
Appropriate to Treat Sarcoma Metastases With Intramedullary
Nailing? Clin Orthop Relat Res. 2017;475(1):212-7.

17. Khattak MJ, Ashraf U, Nawaz Z, Noordin S, Umer M. Surgical
management of metastatic lesions of proximal femur and the hip.
Ann Med Surg (Lond). 2018;36:90-5.

18. Wedin R. Surgical treatment for pathologic fracture. Acta Orthop
Scand Suppl. 2001 Jun;72(302):2p., 1-29.

19. Younis M, Barnhill SW, Maguire J, Pretell-Mazzini J. Management of
humeral impending or pathological fractures with intramedullary
nailing: reaming versus non reaming technique-a retrospective
comparative study. Musculoskelet Surg. 2020. Online ahead of
print. doi: 10.1007/s12306-020-00668-6.

20. Fritzsche H, Goronzy J, Schaser KD, Hofbauer C, Postler AE,
Guinther KP. Komplikationsprofil und Revisionsstrategien nach
Tumorspezialendoprothetik am Hiiftgelenk [Complication profile
and revision concepts for megaprosthetic reconstruction following
tumour resection at the hip]. Orthopade. 2020;49(2):123-32.
[Article in German].

21. Hoellwarth JS, Weiss K, Goodman M, Heyl A, Hankins ML, McGough
R 3rd. Evaluating the reoperation rate and hardware durability of
three stabilizing implants for 105 malignant pathologic humerus
fractures. Injury. 2020;51(4):947-54.

KAnMHUuKa M paguonowwka esanyaumja cnojeHUX NaToNoWKMX Npeaoma nocne
3aTBOPEHOr MHTPaMeAyNapHOr 3aKUBakba M NoMohHe paauoTepanuje —

peTpocneKkTUBHa CTyAuja

EpxaH Okaj', KopxaH O3kaH', 3unaH Kapagar', AjkyT Yenuk', Ceda lvpaj batnbej?, JaBy3 Jungus', KpuiuHa Pegi?,

Mapwa Cunsua CnvHenn*

'YHusep3uTet y UctaH6yny ,MeneHujet’, Tpagcka 6onHuua lostene,Mpod. ap Cynejman JanumH’, Operbetbe 3a optoneaujy, Mictanoyn, Typcka;
’BonHnua 3a npodecroHanHe 6onectn 1 6onecTu xK1BoOTHe cpeanHe y AHkapy, Oferbetse 3a optoneaujy, AHKapa, Typcka;

3YHuBep3nTeT y CHCHHaTI]Y, MegnumHcKm LieHTap, Oferbetbe 3a opTonefcky xupyprujy, CuHcnHaty, Oxajo, CjegurbeHe AMepuyke [pxase;
“BONTHINYKO JPYLUTBO OPTONELCKOT NHCTUTYTA faeTaHo MuHn’, Operbetbe 3a opToneacky oHkonorujy, MunaHo, Utanuja

CAXETAK

Yeop/Unsm [NaTonowwKkn npenomum cy Tellke KOMnmKauuje Kog
MeTacTaTcke 6onecTu KocTujy. Jleuere oBUX CTatba Bapupa v
YK/byuyje cucTemMcKe Tepanuje 1 XMpypLiKke nHTepBeHLunje.
Matbak foKasa 1 farbe NoCToju 3a CTaHAAPAN30BaHy Hery.
Linm oBe cTyavje je pa ce aHanm3vpa o4roBop Ha PagnosoLLKo
neyetbe 1 KANHUYKe NCXOAe NOC/ie MHTPaMeaynapHOr 3aKu-
Bakba, 1 NOMONHe pagnoTepanuje y KOMMIETHUM NaToNOLLKAM
npenomumMa GyTHe NI HagNaKTUYHe KOCTH.

MeTope PeTpocnekTriBHO je npernegaHo 19 6onecHuKa Koju cy
MManuv NaTonoLwWwKy npenom. Mogaum o gemorpadcknm Kapak-
TEPUCTMKAMA, KNMHUYKUM CXOAUMA 1 PaAMOOLLKAM ClIMKama
JobujeHn cy n3 60NHUYKNX KapToHa. CBM BonecHWLUM y OBOj
CTYAWjY NeYeHn Cy 3aTBOPEHUM, HEPMMOBAHIM UHTPamesy-
NapHUM 3aKrBatbem (H3) n nomohHUM TpeTMaHOM 3payetba.
PesynTatu Y6naxaBarbe 60na 1 nyHU oncer nokpeTa NocTur-
HYTV CY KOA CBUX 6onecHMKa. CpeAtby MoCcTonepaTMBHY pesyr-
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TaT [ipywTBa 3a MULLMAHO-CKeNeTHe TYMOpe Ha NOCNeAHem
npahery 6vnm cy 69% (pacrnoH 50-85%). CBn 6onecHmum cy
rnokasanu noTmyHo paanorpadpCko 3apacTarbe nocse fBa-Lect
Meceum. Camo jegHom 6onecHuKy je 6una notpebHa peonepa-
Lvja pagn Npesioma Ha BpXy KnHa, Koju je 3ametbeH AyXnm
KJIMHOM.

3aksbyuak Hala cTyavja je nokasana Aa Cy NaToNoLWKy Npeno-
MV yrpaB/baHu 3aTBOPeHUM HeuHpuumpaHum H3 v apjysaH-
THOM MynTUpPaKLOHOM pagroTepanmjom of 20 Gy fanw fo-
6pe KNMHMYKe pe3ynTaTe ca MOTMYHUM PajOSOLLK/AM Ofro-
BOpOM 6e3 0631pa Ha OYEKMBaHW XIBOTHY BEK 6ONECHUKa,
ajijyBaHTHe TpeTMaHe 1 YKYMHO CTake. 3aTBOPEHN HepUMOBaHN
HI3 Takohe je noBe3aH ca cMateHM BpeMeHOM onepaLuje
KOJ} OBUX BUCOKOPW3UYHIX bonecHrKa.

KrbyuHe peum: NaTofowWKI NPenom; HTpamMeaynapHO 3aKu-
Batbe; MOMONHa pagnoTepanuja; 3apacTtake KoCTujy
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SUMMARY

Introduction/Objective Alcohol abuse influence on developing thyroid cancer is controversial. While
some studies consider it a protective factor, others deny any impact on thyroid cancer.

The objective of the paper was to establish a possible link between alcohol abuse and certain types of
thyroid cancers.

Methods The retrospective study included 502 patients with thyroid cancer and a control group of 600
patients with benign forms of thyroid diseases (e.g. nodular, multinodular, and toxic nodular goiter).
Thyroid cancer patients were divided into four groups: | - papillary, Il - medullary, Il - anaplastic, and
IV - follicular carcinoma, and grouped by sex, age (< 30 years; > 30 years) and alcohol abuse, as defined
by the World Health Organization.

Results Thyroid cancer patients were predominantly male of younger age. This distribution difference
was statistically significant in groups I and Il (p < 0.001). Of total 10 (0.9%) patients with chronic alcohol
abuse, eight (1.6%) had thyroid cancer, while two (0.3%) belonged to the control group (p < 0.001). In
thyroid cancer patients, chronic alcohol abuse was absent from groups Ill and IV. Distribution in groups
I 'and Il was six (1.6%) and two (2%), respectively (p < 0.001).

Conclusion Alcohol abuse deserves to be considered as a risk factor for papillary and medullary forms
of thyroid cancer, while it does not stay the same for anaplastic and follicular thyroid cancers.
Keywords: thyroid cancer; papillary cancer; medullary cancer; anaplastic cancer; follicular cancer; alcohol

abuse

INTRODUCTION

Apart from the social, mental, and behavioral
disturbances, chronic alcohol abuse (CAA)
causes and/or affects many serious somatic dis-
eases, including cancer [1, 2]. Among the sur-
gical patients, different drinking patterns may
also affect specific features in the management of
anesthesia, patient behavior, and different com-
plications in the perioperative period [2, 3, 4].

Alcohol abuse was addressed as a possible
cause or contributing factor for thyroid cancers
and other non-cancerous thyroid diseases by
many observational studies. The results of these
studies are different, sometimes inconclusive,
or even conflicting [5, 6]. Yet, the abundant
evidence of the increasing incidence of thyroid
cancers, attributed mainly to increased detec-
tion of papillary thyroid cancer, deserves a care-
ful analysis of all possible risk factors, including
CAA [7, 8].

We designed a retrospective, cross-sectional
study to determine a possible influence of CAA
on thyroid cancer incidence.

The objective of this study was to determine
if CAA was a risk factor for thyroid cancer in
general, as well as for different types of thyroid
cancer (i.e. I - papillary, IT - medullary, III -
anaplastic, and IV - follicular carcinoma).

METHODS

A total of 1102 consecutive patients who un-
derwent thyroid surgery at the Center for
Endocrine Surgery, Clinical Center of Serbia,
during three consecutive years were analyzed.
The study group included 502 patients with
different forms of thyroid cancer and the con-
trol group included 600 patients with benign
or degenerative diseases of the thyroid gland.
Thyroid cancer patients were divided according
to histopathological findings into four groups:
I - papillary carcinoma (380 patients, 75.7%),
II - medullary carcinoma (102 patients, 20.3%),
IIT - anaplastic carcinoma (10 patients, 2%),
and IV - follicular carcinoma (10 patients, 2%).
The control group consisted of patients with
thyroid nodule (233 patients, 38.8%), multi-
nodular goiter (337 patients, 56.2%), and toxic
adenoma (30 patients, 5%) (Table 1). All pa-
tients with autoimmune thyroid diseases were
excluded from the study.

Patients’ records were used to collect demo-
graphic (age, sex) and clinical data (present and
past diseases and surgeries) as well as socio-
epidemiological questionary (exposures, habits,
abuses) with a particular accent on CAA (type,
dose, pattern), as defined by the World Health
Organization [9]. For this study, CAA was
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defined at least as moderate alcohol intake and/or alcohol
dependence. Accordingly, moderate alcohol intake implies
daily consumption of 1-2 (women) or 3-4 (men) standard
drinks. Standard drink implies 0.03 L of distilled bever-
age or 0.2 L of vine or 0.3 L of beer. Alcohol dependence
is present if at least 3/7 criteria were present in the past
year: craving, the irresistible need for alcohol; increased
tolerance; loss of control; abstinence syndrome; use of the
same or of related substances to relieve the withdrawal syn-
drome; progressive neglect of alternative pleasures (social-
izing, hobbies, sports, etc.) and specific drinking pattern.

All data were collected into an electronic database (IBM
SPSS Statistics for Windows, Version 26.0; IBM Corp.,
Armonk, NY, USA) and presented in tables. Pearson’s x
test was used to compare the difference between categori-
cal variables, and the p-value was set at < 0.05.

This study was approved by the Ethical Committee of
the Faculty of Medicine, University of Belgrade (decision
No. 1575/7).

RESULTS

Papillary carcinoma was the most common form in thy-
roid cancer group (75.7%) while multinodular (56.2%) and
nodular goiter (38.8%) made 95% of the control group
pathologies (Table 1).

The mean age of patients was similar in the group with
thyroid cancer (50.34 years) and the control group (50.88
years). Patients under the age of 30 were significantly more
represented in the cancer than in the control group (13.3%
vs. 6.8%, p < 0.001). The same is true for the male sex dis-
tribution (19.7% vs. 11.7%, p < 0.001) (Table 2).

Table 1. Distribution of patients by diseases

Disease n (%)
Thyroid cancer group

| - papillary cancer 380 (75.7)
Il - medullary cancer 102 (20.3)
Il — anaplastic cancer 10(2)
IV - follicular cancer 10(2)
Total 502 (100)
Control group

Nodular goiter 233 (38.8)
Multinodular goiter 337(56.2)
Toxic nodular goiter 30 (5)
Total 600 (100)

Table 2. Distribution of patients by age and sex

Thyroid cancer Control group

Characteristics (n=502) (n =600) p
n (%) n (%)

Age
<30 years 67 (13.3) 41 (6.8) <0.001
> 30 years 435 (86.7) 559(93.2) n.s.
Sex
Male 99 (19.7) 70(11.7) <0.001
Female 403 (80.3) 530 (88.3) n.s.

n.s. — non-significant

Group I (i.e. papillary carcinoma), compared with the
control group, had significantly more patients under the
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age of 30 (14.5% vs. 6.8%, p = 0.000) and patients of male
sex (18.7% vs. 11.7%, p = 0.002). Group II (i.e. medullary
carcinoma) had no age difference but did show a signifi-
cant male predominance, compared to control (26.5% vs.
11.7%, p = 0.000). All patients from group III (i.e. anaplas-
tic carcinoma) were over the age of 30, but this fact pro-
vided no statistically significant difference to the control
group (100% vs. 93.2%, p = 0.392). Group IV (i.e. follicular
carcinoma) had no significant difference in age (p = 0.695)
and sex (p = 0.251) distribution, compared with the control
group, despite old age and female predominance (Table 3).

There was an overall significant difference in CAA dis-
tribution between the cancer and the control group (1.6%,
8/502 patients vs. 0.3%, 2/600 patients, p < 0.001). The
presence of CAA was recorded only in groups I and II of
thyroid cancer patients, with incidences significantly high-
er than the control group (1.6% and 2% vs. 0.3%, p = 0.034
and p = 0.044). There were no records of CAA in groups
III and IV. The incidence in these groups was significantly
lower than that of the control group (p = 0.001) (Table 4).

DISCUSSION

Almost 10% of men in Serbia had alcohol use disorders,
compared to 2.1% of women [10]. Alcohol consumption
is an attributable risk for 5.1% of all-cause deaths in our
country [11]. There is epidemiological evidence that al-
cohol causes cancer at seven sites in the body (orophar-
ynx, larynx, esophagus, liver, colon, rectum, and breast),
although without exact and complete knowledge of un-
derlying biological mechanisms [1]. Pandemic increase in
thyroid cancer incidence over the past two decades resulted
in significant efforts towards early detection and therapy,
but also deeper analyses of possible toxic, environmental,
and socio-economic causes [12].

Many studies, so far, have addressed alcohol abuse as
a possible risk factor for thyroid cancer [6, 13, 14]. A re-
cent and, so far, the most comprehensive meta-analysis
of 33 observational studies which involved a total of 7725
thyroid cancer patients and 3,113,679 participants with-
out cancer suggested that alcohol intake may decrease the
risk of thyroid cancer. In a subgroup meta-analyses by
geographic region, alcohol intake was associated with a
decreased risk of thyroid cancer in the American, but not
in the European or Asian regions [6]. Previous studies of
risk factors for thyroid cancer published in Serbia also have
not found any correlation with CAA [15, 16].

However, our study has shown that younger (under the
age of 30 years) male patients with history of CAA were
at a higher risk for overall and particularly for papillary
(group I) and medullary (group II) forms of thyroid car-
cinoma, compared to the control group of non-cancerous
thyroid patients.

Results of a study from South Korea, which has the
highest incidence of thyroid cancers in the world, based
on data collected from 12,276 individuals, among others,
reveals CAA (OR: 1.89; 95% CI: 1.08-3.32) as a significant
risk factor for thyroid cancer [14]. Data from the Thyroid
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Table 3. Distribution of patients by age and sex according to the type of thyroid cancer

alcohol consumption (25 g or less) per

- Control | |- Papillary | Il - Medullary | Il - Anaplastic | IV - Follicular event (i.e. mild to moderate consump-
(p-value) | "=600 | n=380 n=102 n=10 n=10 tion) and a drinking duration of less than
n (%) n (%) n (%) n (%) n (%) .
A 10 years, compared to never-drinkers. In
ge .
<30 41(68) | 55(145) 11(108) 000 1010) contrast, acute heavy alcohol consumption
>30 559(93.2) | 325(85.5) 91(89.2) 10 (100) 9 (90) (151 g or more per event), consumption of
P (0.000) (0.159) (0392) (0.695) alcohol for 31 or more years, was associated
Sex with an increased risk for thyroid cancer in
Male 70(11.7) 71(18.7) 27 (26.5) 1(10) 0(0) both d 131.0 dvh
Female | 530(88.3) | 309(813) | 75(73.5) 9(90) 10 (100) oth men and women [13]. Our study has
P (0.002) (0.000) (0.871) (0.251) set the threshold of alcohol intake to mod-
erate and higher levels, which may explain
Table 4. Alcohol abuse among thyroid cancer patients similar results in terms of a positive cor-
Alcohol All cancers | | - Papillary | Il - Medullary | lll - Anaplastic | IV - Follicular relation between CAA and thyroid cancer.
i n=>502 n =380 n=102 n=10 n=10 Th . hani by which al
abuse n %) n %) n %) n (%) n (%) e precise mechanism by which alco-
Yes 8(1.6) 6(1.6) 20) 000 0(0) hol possibly induces thyroid oncogenicity
No 494 (98.4) | 374(98.4) 100 (98) 10 (100) 10 (100) remains unclear. It has not yet been firmly
p* <0.001 0.034 0.044 0.001 0.001 established whether the alcohol at certain

*Statistical significance was measured against the control group incidence of alcohol abuse;

bold - significantly higher incidence;
bold-italic - significantly lower incidence

Cancer Longitudinal Study on 2258 thyroid cancer patients
and 22,580 healthy individuals showed that acute high-
dose and chronic lifetime exposure (> 31 years) to alcohol
are linked to an increased risk of developing thyroid cancer
[13]. In addition to these findings, another study from the
same country, comparing health behaviors of 942 thyroid
cancer survivors with 9420 matched non-cancer controls,
found that clustering of smoking, drinking, and physical
inactivity is more often present in male thyroid cancer
survivors [12].

Inconsistent reports from different studies of CAA and
thyroid cancer are commonly based on a small number of
patients with cancer involved (i.e. less than 500), restriction
to certain patient sub-population (e.g. postmenopausal
females), and failure to evaluate the effect modifiers (e.g.
cigarette smoking, obesity, physical inactivity, etc.) [6, 12,
13, 14].

Rare studies have precisely defined thresholds of alcohol
intake (i.e. amount, duration) in terms of thyroid cancer
risk. Honnamurthy et al. [17] revealed a significant in-
fluence of alcohol consumption duration, but not alcohol
dependence on thyroid function tests. Hwang et al. [13]
report a reduction in thyroid cancer risk with decreased
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blood levels and duration of exposure has
a direct toxic effect on thyroid cells, but ab-
normal functioning of the hypothalamic-
pituitary—thyroid axis has been observed
in chronic alcoholics. Experimental data have shown that
chronic ethanol exposure in rats elevated thyroid-releas-
ing hormone messenger RNA in hypothalamic neurons.
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perproliferation and/or cancerogenesis, remains unclear
(18, 19, 20].

This study has several limitations. Being a retrospective
cross-sectional study, its results necessitate further valida-
tion in a wider scope, prospective study, including a larger
number of patients and variables to allow statistics that are
more powerful.

CONCLUSION

The results of our study suggest that the CAA is positively
correlated with the appearance of papillary and medullar
forms of thyroid carcinoma, whereas in anaplastic and fol-
licular forms this correlation was absent. Further prospec-
tive investigations are needed to confirm these findings.
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3noynotpeba ankoxona Kao GpakTop pu3MKa 3a pa3Boj paKa LTUTHE Kae3ge

HeBeHa Kane3uh'? Munuua Kapayuh-Kounua?, Hematba umuh®, MnageH Kounua?, AHka TowkoBuh? MunaH JoBaHoBUR?,

WBaH JumutpujeBuh'2

'YHuBep3utet y beorpagy, MeguumHcku dakynter, beorpag, Cpbuja;
2Knunnuku yeHTap Cpbuje, beorpap, Cpbuja;

3KnuHnuko-60nHNYKM LeHTap ,[p Opariwa Muwosnh’, beorpag, Cpbuja

CAXETAK

YBoa/Unm YTuuaj 3noynotpebe ankoxona Ha pa3Boj paka
WTUTHE Xne3fe je KOHTpoBep3aH. [Jok Heke cTyaunje To cMa-
Tpajy 3aWTUTHUM GaKTOPOM, ApYre Hervpajy MKakas yTuuaj
Ha pak WTUTHE Xne3fe.

Linb paga je aHanusa moryhe Bese n3mehy XpoHuyHe 3510y-
notpebe ankoxona 1 oapeheHrx BpCTa paka WTUTHE Xe3ae.
MeTope PeTpocnekTnBHa cTyauja obyxBaTtuna je 502 6onecHu-
Ka 0bosiena o paka LUTUTHE XJe3[e U KOHTPOJHY rpymny og 600
6onecHuKa ca gobpohyaHum obnuLma 6onecTn oBe xnesae
(HMp. HopynapHa, MyNnTUHOAYNapHa 1 TOKCMYHA HOZyNapHa
cTpyma). Obonenu of paka LUTUTHE >KNe3[e NofesbeHu Cy y ye-
Tpu rpyne: | — nanunapHw, Il - megynapHu, lll - aHannactTnyHm
1 IV - donmkynapHu KapLMHOM U1 FpynCaHn No nosy, y3pacTy
(< 30roga.; > 30 roa.) u 3noynoTpeby ankoxona, y cknagy ca
neduHuymjom C30.

DOI: https://doi.org/10.2298/SARH201123113K

Pe3syntaTtu O6onenv of paka WTUTHE xne3ge 6unu cy npe-
TEXXHO MyLIKapLuy mnaher y3pacTa. OBa pasnvika y pacnogenu
je ctatncTuky 3HavajHa y rpynama l m i (p < 0,001). Op ykynHo
10 (0,9%) 60onecHmKa ca XPOHUYHOM 3/10yNoTPE6OM ankoxona,
8 (1,6%) mux je Mano pak WTUTHE Xxe3fe, Aok cy 2 (0,3%)
npunagana KoHTPonHoj rpynu (p < 0,001). Koa obonenux of,
pakKa WTUTHE XJe3/ie XPOHWYHa 3710ynoTpeba ankoxona Huje
3abenexeHa y rpynama Il v IV. Quctpubyumja y rpynama I v I
je 6una 6 (1,6%), ogHocHo 2 (2%) (p < 0,001).

3akmyuak 3noynoTtpeba ankoxona sacnyxyje ga byge pas-
MOTPEHa Kao GaKTop pur3iKa 3a nanunapHe 1 MegynapHe obau-
Ke paKa LUTUTHE Xne3[e, AOK TO UCTO He BaXkM 3a aHanNacTUYH
1 GONNKYNapHU PaK LUTUTHE XKne3fe.

KrbyuHe peum: pak WTUTHAYE; ManuaapH pak; MegynapHu
pakK; aHannacTuyHu pak; GonunKynapHmu pak; 3noynotpeba an-
Koxona
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SUMMARY

Introduction/Objective A countrywide survey of venomous snakebites was never conducted in Serbia:
the making of a central register was initiated only in 2018. We collected and analyzed the available data
regarding venomous snakebites in the Uzice region (Western Serbia). The previous analysis from this
hospital was published in 1968.

Methods We retrospectively analyzed the data regarding the venomous snakebite patients treated at
the UZice General Hospital between 2006 and 2018 and compared these with the data from the 1960s,
from one more hospital in Serbia, and from two ex-Yugoslav countries.

Results In 13 years, 249 persons were treated. Of all cases, 10.4% were with inconspicuous symptoms
(mild pain at the place of bite), 68.7% were with mild to moderate symptoms, and 20.9% were more or
less severe. No fatalities were recorded.

Conclusion Although usually not a life-threatening issue, venomous snakebites are quite common and
can cause serious complications. With proper education, many can be avoided. Also, bearing in mind
not only the biodiversity per se but also the importance of snakes’ venoms for the making of various
medically important products, we emphasize the need for proper protection of all three venomous
snake species in Serbia, namely Vipera ammodytes (nose-horned viper), V. berus (European adder), and
V. ursinii (meadow viper).

Keywords: envenomation by Vipera ammodytes and Vipera berus; interdisciplinary cooperation and

education; paucity of information; protected species conservation

INTRODUCTION

As in other countries of former Yugoslavia
(except Slovenia), only three autochthonous
venomous snake species exist in Serbia, Vipera
ammodytes (nose-horned viper), V. berus (ad-
der), and V. ursinii (meadow viper), and all are
protected by law [1]. To the best of our knowl-
edge, in the surroundings of the city of UzZice
(Western Serbia, 43.859° N, 19.849° E, 10x10
km Universal Transverse Mercator, UTM square
DPO5), only the nose-horned viper can be found
(1 provides occurrence maps and lists of locali-
ties). The nearest localities (UTM squares in
brackets) in South-western and Western Serbia
where the presence of adder was confirmed [1]
or where suitable habitats exist (boreal forest or/
and alpine pastures), are the mountains Zlatibor
(CP74, along with V. ammodytes), Zlatar, Golija
(DP20), Javor (DP21, with V. ammodytes),
Kamena Gora (CN89, with V. ammodytes), and
Jadovnik (DNO09, with V. ammodytes) [1]. The
third viper species was found only in remote
places in the southwestern margin of the coun-
try, at altitudes over 1600 m [1].

Venoms of Vipera species are combina-
tions of proteins, polypeptides and enzymes

with specific chemical and biological activi-
ties, primarily used to subdue prey. Oxidases,
proteases, esterases, hemolysins, neurotox-
ins, cardiotoxins, myotoxins and factors that
modify the coagulation system act on muscles,
cardiovascular and neural systems, blood cells,
leading to various damages of organs and or-
gan systems [2-8]. Clinical manifestations of
envenomation range from negligible to fatal;
however, the latter are very rare and often occur
in particular cases of bites, for instance, to the
neck or directly to blood vessels, in very young
patients or as a complication of some chronic
disease in the elderly [6-12]. In high contrast
to the popular belief, European vipers “are not
considered fatal” because the lethal doses for
average humans are higher than the amounts of
venom the vipers can produce [12]. According
to the national Statistical Office, between 2008
and 2017 only four people in Serbia died after
being bitten by venomous snakes.

Although Serbia is nowhere near any of the
seriously affected areas [13], bites by venom-
ous snakes do occur in our country - and their
occurrences are not being analyzed. We found
only two papers from Serbia with multi-year
data regarding venomous snakebites: 155 cases
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from Uzice (1960-1968) and 264 from Pristina (1981-
1997) [2, 8]. Three other papers we obtained present nine
cases in total [14-16]. Also, a report exists of an anaphy-
lactic reaction following the bite of a non-venomous snake
(Zamenis longissimus): although “examines excluded toxic
effects of snakebite,” in the description the author mentions
“two punctiform wounds from bites,” which raises suspi-
cion [17]. Contrary to some of the most severely affected
regions of the world [e.g. 13], in Serbia, importantly [18],
the antivenom is produced in a national institute [19, 20],
it is readily available and adequately used.

The work on the epidemiology of Viperidae snake-
bites in Central and Southeastern Europe started recently.
However, at the time of this manuscript preparation, the
data regarding Serbia was not available [7, 21]. Therefore,
our intention was not only to present the information from
a single hospital but also to inspire medical workers in
other parts of Serbia to collect, analyze and publicize the
data they have an insight into. With a better overview of
the outcomes of the snake-human encounters, we can bet-
ter design the necessary education of laypeople regarding
snakes. Also, medical workers could expand their knowl-
edge of the distribution of vipers in Serbia and novel ap-
proaches in the treatment of venomous snakebites so they
could standardize and improve the procedures not only of
therapy but also of data gathering, severity score grading,
etc. [6, 7].

METHODS

We inspected medical records of the patients treated in
the Department for Infectious and Tropical Diseases of
the General Hospital in Uzice (UGH) between 2006 and
2018. No personal information was used except for the
sex and ages of the patients, therefore, the approval of the
ethics committee was not necessary.

The UGH is responsible for a population of approximately
300,000 persons. During the entire period covered in this
overview, the hospital and its local ambulances were well
supplied with antivenom and medications needed for symp-
tomatic therapy. All physicians are well informed and pre-
pared to properly react in the case of a venomous snakebite.

Snakebites were diagnosed according to anamnesis data,
through clinical monitoring, and according to the infor-
mation provided by the patients regarding the snakes that
inflicted the bites [22]. We considered three main types
of data:

Epidemiological data: sex, age, month in a year, and ac-
tivity of patients at the time of the bite, the area/locality where
the bite occurred, and the reported snake species. Activities
of bitten persons were categorized as follows: people who
were performing their usual everyday activities related to ag-
riculture (in crop fields or gardens); local persons who were
bitten during walks or picnicking in suburban/rural areas
(including the picking of berries, fishing, etc.); and tourists
from other parts of Serbia, i.e., foreigners.

Clinical data: localization of the bites (part of the body),
the severity of the clinical picture, and the administered
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therapy. The grading of the clinical courses of the disease
was made according to the Severity score of snakebites
[23], with grades from 0 (no envenomation; fang marks
and minimal pain) to 4 (very severe envenomation).

Laboratory analyses: We considered blood parameters,
coagulation status, urea and creatinine, sodium, potassium,
alanine aminotransferase, and aspartate aminotransferase;
urine was also analyzed. We performed the standard labo-
ratory tests used in Serbia.

Where appropriate, statistical analyses were performed,
in Microsoft Excel 2010 (Microsoft Corporation, Redmond,
WA, USA) or using an online calculator (www.quirks.com/
tools/calculator). All graphs were made in Excel.

RESULTS
Epidemiology, treatment, and outcomes

The data about 249 snake envenomation cases were col-
lected during the 13 year period, 19.15 on average per year.
Of those, 30 patients (12%) were treated in primary health
care, and 219 (88%) were hospitalized. Antivenom was
given to 234 (94%) bitten persons. In all cases, we used the
Viekvin® equine antiserum produced by the Torlak Institute
of Virology, Vaccines and Sera (5 mL vials). According to
the producer, 1 mL of the preparation can neutralize at least
100 LD, of V. ammodytes venom and 50 LD, of V. berus
venom [20]. The serum was administered subcutaneously
or intramuscularly to all the patients. In 115 (46.2%) cases,
symptomatic therapy was administered (antiedematose and
analgesic medications). Antibiotics were given to 132 (53%),
and corticosteroids to 54 (21.2%) patients. Anti-tetanus pro-
tection was given to all patients who had not previously been
vaccinated (204: 81.9%). In five cases (2%), local necroses
developed, which were surgically treated. The 21 (8.4%)
patients with the most severe symptoms were treated at the
Intensive Care Unit for 24-48 hours, and were later trans-
ferred to the ward for further observation.

In Table 1, we provided the numbers and percentages of
the main manifestations of snake venom poisonings. Almost
a quarter of patients experienced nausea, vomiting, and diar-
rhoea. Thrombocytopenia (< 150 x 10°/L) was the second
most frequent manifestation of envenomation. Acute renal
failure was accompanied by elevated urea and creatinine,
hypokalemia, and proteinuria. Liver damage manifested as

Table 1. Symptoms and signs in organ systems, and abnormalities in
laboratory analyses, in the patients treated for snakebites in the Uzice
General Hospital

Symptoms Numbers (percentages)
Gastrointestinal disorders 58 (23.3%)
Thrombocytopenia 43 (17.3%)

Acute renal failure 12 (4.8%)
Coagulation disorder 10 (4%)

Shock 9 (3.6%)

Liver damage 7 (2.8%)

Visible bleeding 7 (2.8%)
Neurotoxic symptoms 4 (1.6%)
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Figure 1. (A) Numbers of bites and 0-4 severity grades in 10-year age
groups; (B) Bite sites (bitten body parts) in different age categories

elevated levels of liver enzymes alanine aminotransferase
and aspartate aminotransferase. Visible bleeding expressed
as petechiae and hematomas, rarely as hematuria; in only
one patient bleeding from the digestive tract was recorded
(hematemesis and melena). Neurotoxic symptoms expressed
as transient limb pareses at the bites sites.

More male (59.04%) than female (40.96%) patients were
bitten (one-sample t-test between percents): t, = 2.901,
p = 0.004.

The average time elapsed between the bite and anti-
venom administration was 53.15 minutes (range 15-300
minutes). Milder clinical pictures, e.g. grade 1, developed
after shorter times to antivenom administration (37.61
minutes on average) compared to grade 4, which developed
in patients treated on average 99.54 minutes after the bite.
The Pearson’s coefficient R was 0.5365, with a high statisti-
cal significance of correlation (p < 0.000) between severity
grades and minutes to antivenom.

On average, the patients were hospitalized for 2.5 days
(range 0-9). All patients with the symptoms grade 4 were
held for six or more days.

Calculated against the 300,000 population, the annual
incidence of venomous snakebites per 100,000 persons
ranged from 4.3 to 8.7, with an average of 6.4.

Severity grades and ages of the patients

The percentages of 0-4 severity grades were 10.4, 27.7,
41.0, 16.5, and 4.4. Not a single death was recorded as a
consequence of a venomous snakebite. The youngest pa-
tient was a baby boy less than a year old (grade 4), and
the oldest a man of 88 (grade 2). The correlation between
ages and severity grades was not significant (Pearson’s
R =0.0628, p = 0.324). Both the bites inflicted certainly
by the nose-horned vipers and those possibly made by
adders caused the symptoms of all grades.
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Figure 2. (A) Percentages of patients according to their activity/oc-
cupation; (B) Seasonal variations in numbers of bites according to the
patients’ occupation/activity

In Figure 1A, we graphed the numbers of bitten indi-
viduals in 10-year age groups, with their symptoms severity
grades. The highest number of patients were the people in
their 60s. Among those younger than 40, the most bites
were recorded in the 10-19 years age group. In all age cat-
egories, more bites were inflicted on the upper extremities
(Figure 1B). Significantly more people had bites on hands
and arms (62.2% of the whole sample) compared to feet
and legs (37.80%): t,,,= 3.97, p < 0.001 (one-sample t-test
between percents).

Percentages of bites related to activity/occupation

Almost 62% of our patients were people engaged in some
agricultural activity; a quarter were local people picnick-
ing, and the lowest number of snakebites was recorded in
tourists (Figure 2A).

In the “agriculture” group, significantly more people
were bitten in the upper compared to lower extremities
(t,,, =7.041, p < 0.001). Of those who spent time outdoors
picnicking in a suburban/rural environment (25.7%) simi-
lar numbers of patients were bitten in upper and lower ex-
tremities (t., = 0.256, p = 0.803), and among tourists, pre-
sumably hikers (12.4%), the majority were bitten in lower
extremities (t,) = 2.572, p = 0.015). One-sample t-tests
between percents were used.

The numbers of bites among seasons varied differently
in the three occupations/activity categories (Figure 2B).
Agricultural activities and hiking were the riskiest in July
while picnicking appeared hazardous in May.

Annual and seasonal distribution of venomous
snakebites

In the analyzed 13-year-long period, up to two-fold oscilla-
tions in the annual numbers of bites occurred, in intervals
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of approximately four-five years (Figure 3A). The first bites
were recorded in April, and their numbers were the high-
est in July; October was the last month to have records of
snakebites (Figure 3B).

Snake identification

In 38.96% of cases, the snakes were not identified by the
bitten persons. Of those who were sure that some venom-
ous snake bit them, 44.58% claimed it was an adder. An ex-
ceptionally low number of patients reported nose-horned
vipers (16.47%). Of the four patients with neurological
symptoms, only one claimed that an adder bit him; the
rest reported V. ammodytes.

DISCUSSION

In the past several years, venomous snakebites and their
treatment, as well as the respective education/training of
both the general population and medical workers, are gain-
ing global attention, and actions have been announced/
undertaken to reduce their impact [6, 7, 18, 24]. Although
mortality due to European Vipera spp. bites is generally
low, the fear and disgust regarding snakes is widespread
and deeply rooted [7-12, 25].

We compared our data with those previously published
from the UGH and with four other publications depicting
high numbers of venomous snakebites: 264 from Serbia
(hospital in Pristina), 542 and 93 from Croatia, and 341
from and Bosnia and Herzegovina, during 17, 21, 11, and
24 years, respectively [2, 8, 9, 10, 26].

All aspects of envenomations treated in the UGH cor-
respond to those from the comparable studies, from the
duration of hospitalization through severity grades and
average incidences per 100,000 inhabitants, to the most
severely affected groups of people and the antivenom ap-
plication frequencies [2, 8, 9, 10, 26]. A recent overview
for Europe showed similar trends [7]. Annually, we treat-
ed more patients on average (19.15) than reported in the
1960s (17.22) and in PriStina (15.53) [2, 8]. In contrast to
the 1960s (and Pristina), in our study more people were
bitten to the hands: t, , = 4.359, p < 0.001, while previ-
ously significantly more bites to the feet were recorded:
t,, = 5.733, p < 0.001 (t-tests between percents). Previously
“children and pupils” dominated [2], while nowadays the
most bites were inflicted on people over 40 (Figure 1A).
In Pridtina, 0-20-year-old patients were the dominant age
group [8]. Such differences were already observed, and
they depend on the prevalent activities in the target groups
[8, 9, 10]. Contrary to two neighboring countries [9, 10],
where the gender ratios among the bitten persons were
equal, in Serbia, more males suffered the bites — in our
study almost every year (Figure 3A) - similarly to the data
obtained for Europe [7, 8]. This can be related either to
their occupation or to the lack of fear.

Low incidence of local necroses (2%) can be attributed
to the fact that all emergency stations in the entire UZice
region, including local ambulances in villages, possess and
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Figure 3. (A) Annual numbers of bites in the present study: male and
female patients; (B) Seasonal distribution of bites reported in this study
compared to previously published data from the same hospital, and
the data from Pristina, Croatia, and Bosnia and Herzegovina

Figure 4. (A) and (B): Typically colored female and male Vipera am-
modytes; (C) and (D): typically colored female and male V. berus; (E):
atypically colored female V. ammodytes, and (F) unusually colored male
V. berus (Photos: Aleksandar Simovi¢)

correctly utilize the anti-viperine serum. For certain snake
species, or in certain cases of Vipera sp. bites, intravenous
antivenom application was recommended [6]. To all our
patients the serum was administered subcutaneously or
intramuscularly: that was probably the reason no adverse
reactions developed. Antibiotics therapy was given to one-
half of our patients (the cases of complicated infections).
This is in accordance with the existing recommendations
and usual practice in the adjacent countries [6, 8, 9, 10].
According to the physicians’ notes, all analyzed bites
were legitimate (hazardous), often occupational, contrary
to some previous reports [15, 16] and our suspicions.
Illegitimate bites (by the snakes which are observed and
provoked or irritated intentionally), although highly prob-
able in natural surroundings, often are inflicted by captive,
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sometimes exotic species and can result in more severe
envenomation compared to bites on laymen by autochtho-
nous snakes [27, 28]. Judging solely by the frequencies of
bitten persons and locations of the bites in various environ-
ments/activities, we suppose that those engaged in some
agricultural work either did not see the snakes or tried to
remove them by hand hence significantly more bites to
the upper extremities. For the local people on a picnic, no
conclusion could be made regarding their behaviour in
contact with snakes. We presume that most of the tourists
did not see the snakes and provoked them unintentionally.

Figure 3B presents seasonal variations in the numbers
of bites in our study and four other analyses [2, 8,9, 10]. In
the 1960s in Uzice, the most bites were recorded in June,
but in our study as well as the one made in Pristina, this
occurred in July. All studies showed variations in months
and years with the highest numbers of bites: this can prob-
ably be attributed to differences in climate, but also in hu-
man activities. This is also consistent with the findings
for Europe [7].

As noted already in 1968, the prevailing weather condi-
tions influence the activity of snakes i.e., the numbers of
bites to people. People reported that in rainy years the snakes
were more abundant [2]. Comparatively humid conditions
favour the growth of vegetation, which can lead to increased
numbers of small mammals, the snakes’ main prey.

We sought some regularity regarding the severity of
symptoms due to snakebite and the time of the year when
the bite was inflicted. In May, the most bites of grades 3
and 4 happened. However, for sound conclusions, we need
more information (besides the snake identity), including
the data regarding the snakes” ecology and behavior [29].
There were findings that during winter, V. ammodytes ven-
om contains less of the lethal components [30] and that
in spring and summer viper venom is more potent [31]. It
was speculated [8] that during the snakes” winter inactivity,
the venom accumulates in their venomous glands hence
its amount at the first bite is large, which results in severe
clinical pictures in persons bitten in spring. To the best of
our knowledge, there is no proof for such an assumption.

Many of our patients had no or only mild symptoms.
This can, inter alia, be due to bites of non-venomous
snakes (in almost 40% of cases the snakes were not iden-
tified) or to ‘dry’ bites by venomous species.

In other analyses, only a few fatal cases were reported
and very small numbers of serum sickness and anaphy-
lactic reactions developed [8, 9, 10]; we had none. In all
three countries, Vipera ammodytes inflicted the most bites.
Like in our case, in the cited studies often the snakes could
not be identified, and most probably many cases remained
unreported. The latter is a global problem though [7, 32].

In our study, many people reported being bitten by ad-
ders (111 of 249, 44.58%), which could result from the
common misidentification stemming from great variability
within and similarities between adders and nose-horned
vipers (Figure 4). Another source of confusion may be the
differences in local names of snake species. In as many as
97 cases (38.96%), the snake was not identified, and in
the remaining 41 (16.47%) people reported nose-horned
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vipers. According to expert opinion (given before the
publication of exact localities where the adders were re-
corded), bites by adders were possible in only 40 (16.1%)
cases. However, when we compared the reported localities
of bites by “adders” with the published [1] UTM squares
where adders were recorded (eight in total, in four together
with V. ammodytes), no overlap was found. Nevertheless,
we cannot exclude the possibility that adders are present
in certain places that are still formally unknown.

In all localities noted in medical records available for
our study, nose-horned vipers were previously recorded,
and in some places (Zlatibor, Zlatar, Uvac — Nova Varos)
they are abundant in the places frequented by tourists,
mountaineers, recreationists, or farmers. Encounters with
adders are possible in some parts of the Zlatar mountain,
and in the surroundings of Sjenica, where the terrain and
climate suit them. Even in places where they are present,
adders are comparatively scarce and spend most of the
daytime hiding in low vegetation. The periods when they
can be seen are early morning and/or late afternoon. They
can be more easily encountered at the end of summer (sec-
ond half of August) when people collect forest fruits. Also,
people working in places 1000 meters above the sea level
can come across adders. These snakes often hide in piles
of cut trees hence the workers can get bitten while ma-
nipulating trunks. Also, adders can be transported with
logs/timber to the places they naturally do not occur in.
For these reasons, it is important to precisely record the
localities where the bites occur.

Importantly, in four places in South-western and
Western Serbia, Vipera ammodytes and V. berus live in
sympatry. Nevertheless, as the effects of their venoms dif-
fer [3], it is possible to deduce which species inflict bites.
However, it would be best if the perpetrator animals could
be identified and left alive [24].

CONCLUSION

In certain parts of the world, venomous snakebites pres-
ent a severe threat to people. Nevertheless, in Serbia (like
elsewhere in the Balkans and Europe), venomous snakes
are neither as numerous nor as dangerous as for instance,
in Asia or Africa. We are deeply convinced that people in
Serbia can be properly educated regarding the three ven-
omous snake species (out of the total ten) and that many
snakebites can be prevented or avoided.

Variations in seasonal/annual numbers of bites — and
the changes thereof — highlight the fact that more investi-
gation at the ecology of venomous snakes has to be under-
taken and that information should be exchanged between
medical professionals and professional biologists to create
adequate education, advice, and preventive measures. Also,
the vipers’ distribution data could be filled in more detail.
A series of lectures should be organized to inform the phy-
sicians on the necessity for a more thorough approach to
this issue so both the collection of data and medical treat-
ment could be standardized and improved. In this way,
both people and snakes would be protected.
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AHanu3a 6onecHUKa neveHux og yjeaa 3muja oTposHuua y OnwToj 60aHMLM Yikuue
(3anagHa Cpbuja), y nepuoay oa 2006. ao 2018. roguHe

Corba Hukonuh'? Mapuja Autuh?, Anekcangpa Masuh?, Pactko Ajh*2, Cnahana Masuh?

'YHuBep3utet y beorpagy, bruonowku dpakyntet, UIHcTUTYT 3a 300n0rujy, beorpap, Cpbuja;
Cpncko xepneTonoLuko ApywTso ,MunyTiH PagoBaHoBuh", Beorpag, Cpbuja;
*0Onwta 6onHMua Yxxuue, Onerbetse 3a MHeKTMBHE 1 Tporcke bonecT, Yxuue, Cpbuja;

*YHuBep3uTeT y beorpagy, MeguumHcku dpakyntet, beorpag, Cpbuja;

STpupoatbaukmn my3sej, beorpag, Cpbuja

CAMETAK

Yeoa/Uwm [lo cafa Huje cauntbeH nperneq yjeaa oTpoBHUX
3muja y uenoj Cpbuju: ca npaB/betbem LEEHTPANHOT PerncTpa
3anouyeTo je Tek 2018. roguHe. MpuKynunm cmo 1 obpagnnu
[OCTYMHe nofaTke Be3aHe 3a yjefie OTPOBHUX 3MUja Ha MOAPYYjy
Yxuua (3anagHa Cp6wja). MpeTxoaHa aHanv3a U3 oBe 6oHMLe
objaBsbeHa je 1968. rogvHe.

MeTtope PeTpocneKTMBHO CMO aHanuM3upanu nopaTtke o na-
umjeHTMa NeyeHnM y OnwToj 60HMLYM YK1LE HAKOH yjena
OTPOBHYX 3MUja, y nepuogy 2006-2018. rognHe, n ynopeannm
X ca nopaumma n3 1960-1x, ca CTyAMjOM 13 joLu jeaHe 6onHULe
y Cpbujn 1 ca nogaurma 13 aBe 3emsbe 6mBLIe Jyrocnasuje.
Pesyntatu Tokom 13 roguHa 36puHyTo je 249 ocoba. Og cBrX
cnyyajesa, 10,4% je 6uno ca Heynag/bVBIM CMMITOMUMA (6nar
605 Ha MecTy yjena), 68,7% je npoluno ca 6iarum fo ymepe-
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HVM CUMMTOMIMA, @ Makb€e UK BrLLE 036UIbHUX je 61no 20,9%.
CMpPTHKMX cryyajeBa Huje 6uno.

3aksbyyak [1ako yrnaBHOM HYCY XMBOTHO yrpoaBajyhu, yje-
[ OTPOBHUX 3MUja Cy PeslaTUBHO YecT! U MOry AOBECTY 0
0361IbHUX KOMMMKaLmja. Y3 ogroBapajyhy eaykauujy MHOMM
ce mory n3behu. Takohe, umajyhu y Bugy He camo 61MONOoLLIKY
Pa3HOBPCHOCT Kao TaKBY HEro 1 3Hayaj OTPOBA 3MKja 3a MPOou-
3BOJAHY Pa3NUUNTUX MEAULIMHCKI 3HauajHWX Npenapata, Harna-
waBamo notpeby 3a oaroBapajyhom 3aluTMTom CBe TpU BpCTe
oTposHULa y Cpbuju — nockoka (Viperaammodytes), wapke (V.
berus) v waprana (V. ursinii).

KrbyuHe peun: MehyancuynnrHapHa capagtba n 06pasoBatbe;

HepocTaTak MHGOpMaLMja; ouyBatbe 3alTuheHnx BpCTa; yjean
Vipera ammodytes v Vipera berus.
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SUMMARY

Introduction/Objective The objective of this paper was to assess the diagnostic value of three simple dry
eye (DE) tests: lid parallel conjunctival folds (LIPCOF), tear meniscus height (TMH), and tear ferning (TF).
Methods LIPCOF, TMH, and TF diagnostic DE tests were performed in 100 patients. Eighty of them were
referred to us by rheumatologists and general practitioners either during evaluation for Sjégren’s syn-
drome, or because of DE symptoms. The control group was composed of 20 patients, with no DE-related
symptoms. Ocular Surface Disease Index questionnaire was used for DE symptoms’ evaluation. Results
of LIPCOF, TMH, and TF tests were compared with results of the Copenhagen criteria DE tests i.e., tear
fluorescein breakup time, Schirmer | and Rose Bengal tests. Ability of the tests to recognize DE in various
grades according to Dry Eye Work Shop (DEWS) report score system was assessed.

Results Compared to the Copenhagen criteria, sensitivity of LIPCOF and TMH was high (92.8% and 83.5%,
respectively), while specificity was low (34.4% and 49.2%, respectively). TF had low sensitivity (59.1%) but
high specificity (82.7%). Mean values of both LIPCOF and TMH differed significantly (F = 7.222, p < 0.001
and F =11.802, p < 0.001, respectively) between the control group and all DEWS grades, but not among
different grades of DE.

Conclusion TMH and LIPCOF diagnostic tests showed high sensitivity, which makes them excellent
screening DE tests. Low sensitivity of TF suggests that it is not truly a good screening test on its own,

Received « MpumbeHo:
August 29,2019
Revised - PeBusnja:
March 3, 2021

Accepted - MpuxeaheHo:
March 28, 2021

Online first: March 30, 2021

Correspondence to:

Milan HADZI-MILIC
Ustanicka 73/3

11000 Belgrade

Serbia
milanhmilic@gmail.com

but its high specificity is of definite value.

Keywords: dry eye disease; lid parallel conjunctival folds; tear meniscus height; tear ferning

INTRODUCTION

In the pool of diagnostic tests for dry eye (DE),
no test is found to be both sensitive and specific
enough on its own [1]. For reaching DE diagno-
sis in practice, there is a tendency to use a group
of clinical tests, chosen at the examiners discre-
tion, to complement overall clinical judgment.
To state it otherwise, although there is a consen-
sus of a group of experts on DE definition (Dry
Eye Work Shop - DEWS), there is no consensus
on a definite set of tests (nor their outcomes) for
DE [2]. Also, symptoms often do not correlate
with signs of DE nor do they correlate well with
the stage of DE [3, 4]. A new report of the DEWS
group from 2017 suggests evaluating symptoms
with Ocular Surface Disease Index (OSDI) or
the Five-Item Dry Eye (DEQ-5) questionnaire.
Clinical tests for reaching the DE diagnosis in
their opinion are non-invasive breakup time or
fluorescein tear breakup time (FTBUT), tear os-
molarity, or ocular surface staining. But for grad-
ing of the disease and assessing the type of DE
they recommend other tests, like non-invasive
tear volume measurement, assessing meibomian
gland disfunction (MGD), and lipid thickness/
dynamics [1].

While searching for any well-defined set of
clinical DE tests, commonly used as a whole,
rather than as an ex tempore formed group of
tests, the Copenhagen criteria (CC) tests stand
out as a very well defined and time-honored
set. These tests combine acceptable levels of
both sensitivity and specificity for non-Sjogren’s
syndrome (SS) DE though they were initially
devised for SS-related DE [5]. They were, ac-
cordingly, used in our study as the criteria for
DE diagnosis and a reference clinical standard
for the comparison with single tests that we
were interested in: lid parallel conjunctival folds
(LIPCOF), tear meniscus height (TMH), and
tear ferning (TF).

There is a rising number of people suffering
from DE symptoms, seeking help from their
eye doctors, who do not always have time or re-
sources to apply sophisticated diagnostic tests.
Epidemiological studies have demonstrated
that DE has a prevalence of 5-45%, depending
on the criteria and location [6-10]. In a study
with over 20,000 glaucoma patients, Erb et al.
[11] report TMH and LIPCOF as simple and
noninvasive tests for DE. TF was suggested by
the DEWS group as a potentially good screen-
ing test [1].



Diagnostic value of three simple and rapid dry eye tests

Our aim was to compare LIPCOE, TMH, and TF tests
with CC DE tests and to analyze their ability to recognize
dry eye disease (DED) in it its various stages.

METHODS

Out of 100 subjects we examined for DE (200 eyes) at the
Clinic for Eye Diseases, Clinical Centre of Serbia, during
2013 and 2014, 88 were woman. The mean age + SD was
50.17 + 16.74 years. Thirty of them were referred to us by
rheumatologists during evaluation for SS, and 50 were re-
ferred by general practitioners because of DE symptoms.
The control group was made up of 20 patients, with no
DE-related symptoms, examined during the evaluation for
cataract surgery. The two groups were matched for age (no
statistically significant difference between groups, p = 0.21)
and sex (p = 0.45). Exclusion criteria in our study were any
ocular surgery performed within one year, contact lens wear,
topical eye therapy (if the only therapy was tear substitutes,
they had to be suspended at least eight hours prior to the ex-
amination), entropion, ectropion, or other lid closure prob-
lems, ocular allergies, or the presence of anterior blepharitis.
The study was approved by the Ethical Committee of the
University of Belgrade, Faculty of Medicine. All the patients
signed an informed consent form.

We performed the following clinical tests: Schirmer
without anesthesia (Schirmer I), FTBUT, Rose Bengal
(RB), LIPCOFE, TMH, and TE. Eyelids were inspected for
MGD. The symptoms were evaluated based on OSDI. Only
the patients with OSDI score under 13 were enrolled into
the control group.

To confirm DED in our study, we considered results
from a group of three clinical tests. These three tests -
Schirmer I, FTBUT, and RB - represent the ophthalmolog-
ical part of testing for SS according to CC but also proved
useful in diagnosing DE out of the SS context [5]. In order
to be diagnosed with DE, the patient should be positive for
two out of three CC tests in one or both eyes. According
to CC, a positive result for Schirmer I test is value less
than 10 mm, for the FTBUT test the value less than 10
seconds, and for the RB test score equal or greater than 4
according to Van Bijsterveld grading system [12]. Eighty
of them had DED, since one or both eyes were positive in
two out of three clinical tests. Twenty patients among this
symptomatic group had some form of MGD. In the control
group, no eye met these criteria. One patient from the con-
trol group had MGD, without signs or symptoms of DED.
Bearing in mind that we separately analyzed both eyes, we
found that 139 eyes were positive for DED. We also graded
DE severity from 1 to 4, according to the DEWS report
score system, where grade 1 is mild DE and 4 is the most
severe form of the disease [13].

The tests were performed during one examination, by
two examiners, in the morning. Patients’ TMH and the pres-
ence of folds for LIPCOF test were examined by slit-lamp.
We performed these tests at the beginning of examination
to avoid blinking induced by prolonged gaze and also to
avoid induced reflex tearing. For TMH, we registered values
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of 0.3 mm, 0.2 mm, 0.1 mm, and less than 0.1 mm. TMH
was compared with variable slit-lamp beam height, which
was regulated with a mechanical cylinder attached to the
slit lamp. Once we adjusted the beam height, we read the
value from the measuring scale connected to the cylinder.
The lowest value on the measuring scale at our disposal was
0.2, followed by 0.3. When TMH was half of 0.2 mm beam
height, we registered the value as 0.1, and if TMH was lower
than half of 0.2 mm beam height, it was registered as lower
than 0.1 mm. Measuring of TMH was done at the 6 oclock
position, where lower limbus was in the closest contact with
the lid, in order to avoid influence of conjunctival folds on
the measurement. For the LIPCOF test, we registered values
only in the temporal zone as no folds, half of the fold (if the
horizontal fold was not present completely throughout the
temporal zone), one fold less than 0.2 mm in height, two
folds 0.2 mm heigh, three folds or more of over 0.2 mm.
These stages, although similar, are not completely analogous
to those most commonly used, described by Hoh et al. [14].
Instead of using the term normal meniscus tear height, we
used the value of 0.2 mm as a cut-off value between stages.
This value was considered as normal height for tear menis-
cus by other authors as well [15, 16]. In order to form four
grades as is the case with the DEWS severity score system,
we divided stage 1 by Hoh into two stages. Then we per-
formed Schirmer I, FTBUT, and RB tests. The Schirmer I
test was performed by hooking the folded end of Schirmer
paper over the temporal one-third of the lower lid margin.
After a period of five minutes, we measured the length of
wetting from the notch. For FTBUT, the dye was applied
on the ocular surface with impregnated strips. Looking
through cobalt blue filter, we measured the time needed
for the dyed tear film to break up. After applying tetracaine
eye drops, we instilled RB dye and scored result with the
Van Bijsterveld grading system. Collecting tear sample from
the inferior tear meniscus, for performing the TF test, was
done by Eppendorf (Merck KGaA, Darmstadt, Germany)
automatic micropipette with single-use 1-10 ul Eppendorf
Tips. Tear sample was pipetted onto a clean microscope slide
and allowed to air-dry for 10 minutes. Then it was observed
by phase contrast light microscope at magnification levels
of 20 x and 40 x, and quantified according to the Rolando
grading scale, based on the level of arborization, where grade
1 is characterized by uniformed large arborization, while in
grade 4 there is no ferning [17].

We analyzed sensitivity (ability to recognize the disease),
specificity (ability to rule out disease), positive and negative
predictive value (PPV and NPV) of all clinical tests used
in the study. By using one-way ANOVA and post-hoc test,
we tested their ability to grade severity of DE according to
the severity score system from the DEWS report. The data
were statistically evaluated by using IBM SPSS Statistics for
Windows, Version 20.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Most of the eyes (37.5%) diagnosed as dry in our study
belong to grade 2 according to severity score system from
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Table 1. Results of clinical tests from dry eye group and group of
normal eyes

Mean

Clinical IS value
value | 0.95Cl 0.95Cl t p
test normal
dry eyes

eyes
Schirmer || 15.61 |+1.469 | 25.125 | +1.989 | -7.74 | <0.0001
FTBUT 508 |+0457| 106 |*0.573|-11.47|<0.0001
RB 3.38 +0385| 035 |+0.212]13.82 | <0.0001
TMH 0.11 +0.008 | 0.165 | +£0.019 | -5.34 | <0.0001
LIPCOF 1.41 +0.117 | 0.625 | +0.222 | 6.26 |<0.0001
TF 2.52 +0.137 | 1.5789 | £0.212 | 7.52 | <0.0001

Cl - confidence interval; t — value of Student’s t test; Schirmer | - Schirmer test
without anesthesia; FTBUT - fluorescein tear breakup time; RB - Rose Bengal;
TMH - tear meniscus height; LIPCOF - lid parallel conjunctival folds; TF - tear
ferning;

p is statistically significant at the level < 0.01

the DEWS report. Fifty-four (27%) eyes belong to grade 1,
23 (11.5%) to grade 3, and only 11 eyes (5.5%) to grade 4.

All of the clinical tests that we used in this study were
able to distinguish normal from DE. Mean value of pa-
rameters measured by these tests and significance of dif-
ference between test values for non-DE and DE groups are
presented in Table 1.

When tested against the group of DE tests form CC,
FTBUT had the highest sensitivity (95%), followed by
LIPCOF and TMH (92.8% and 83.5%, respectively). RB
and Schirmer I had 100% specificity, but TF also displayed
high specificity (82.7%). Sensitivity and specificity of all
the tests as well as PPV and NPV are presented in Table 2.

Table 2. Sensitivity, specificity, positive predictive value, and negative
predictive value of clinical tests, each against dry eye tests from the
Copenhagen criteria

Parameters | FTBUT RB Schl | LIPCOF | TMH TF

Se (%) 95 48.9 33.1 92.8 835 59.1
Sp (%) 80.3 100 100 344 49.2 82.7
PPV 0.92 1 1 0.76 0.79 0.89
NPV 0.85 0.46 0.44 0.68 0.57 0.47

Se - sensitivity; Sp - specificity; PPV - positive predictive value; NPV -
negative predictive value; DE - dry eye; FTBUT - fluorescein tear breakup
time; RB — Rose Bengal; Sch | - Schirmer I; LIPCOF - lid parallel conjunctival
folds; TMH - tear meniscus height; TF - tear ferning

Table 3. Mean fluorescein tear breakup time values in different dry
eye severity groups

95% confidence
interval for

Groups| n | Mean | SD SE mean Min. | Max.

Lower | Upper

bound | bound
0 37 11059194 | 032 | 9.95 11.24 4 15
1 54 | 696 | 272 | 037 | 6.22 7.71 3 1
2 75 | 508 | 23 | 027 | 4.55 5.61 2 10
3 23 | 348 | 248 | 052 | 240 4.55 0 10
4 11 | 055 | 093 | 0.28 | -0.08 1.17 0 2
Total 200 | 6.18 | 349 | 0.25 | 5.69 6.66 0 15

FTBUT - fluorescein tear breakup time; n - number of eyes; Mean - average
parameter value of tested eyes of different grades; SD - standard deviation;
SE - standard error

We analyzed mean FTBUT values between different
grades of severity according to DEWS (Table 3). By using
ANOVA, we found that the average FTBUT value differs
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Dacic¢-Krnjaja B. et al.

5 8
m
&
4 *
o &]
T T T T T
0 1 2 3 4
Gradus DEWS

Figure 1. Mean fluorescein tear breakup time values in different dry
eye severity groups;

average fluorescein tear breakup time value differs between the
groups tested with ANOVA (F = 62,474, p < 0,001); difference is sta-
tistically significant for every group compared to all the other groups
analyzed with the post-hoc test; the mean difference is significant at
the 0.05 level;

FTBUT - fluorescein tear breakup time; Gradus DEWS - grades by the
Dry Eye Work Shop report score system [2]

between the groups (F = 62.474, p < 0.001). Post-hoc test
allowed us to establish that this difference was statisti-
cally significant for every group compared to all the other
groups (Figure 1).

When we analyzed mean values between different
DEWS grades with ANOVA (Table 4), we found that
there is a statistically significant difference for the TF test
(F=18.192, p < 0.001). Analyzed with the post-hoc test,
we found a significant difference between all the groups,
except between the second and the third, and the third
and the fourth grade.

Table 4. Mean tear ferning values in different dry eye severity groups

95% confidence
interval for

Groups| n |Mean| SD SE mean Min. | Max.

Lower | Upper

bound | bound
0 34 | 159 [0.701 | 0.120 | 1.34 1.83 1 3
1 53 | 2.11 | 0.847 | 0.116 | 1.88 2.35 1 4
2 72 | 2.54 | 0.786 | 0.093 | 2.36 2.73 1 4
3 21 2.81 | 0.680 | 0.148 2.5 3.12 1 4
4 10 | 3.50 | 0.527 | 0.167 | 3.12 3.88 3 4
Total 190 | 2.33 | 0.897 | 0.065 | 2.2 2.46 1 4

TF - tear ferning; n — number of eyes; Mean - average value of tested eyes of
different grades; SD - standard deviation; SE - standard error

LIPCOF and TMH tests’ mean values also differed
significantly (Table 5 and Table 6) between the groups
(respectively F = 7.222, p < 0.001; F = 11.802, p < 0.001).
With the post-hoc test we established that this was due to
the significant difference between the control group and
all other severity grade groups, including mild DE grade,
for both tests (cut-off value was 0.19 for TMH and 0.97
for LIPCOF). The difference was not significant among
different grades of DE.
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Table 5. Mean values for tear meniscus height in different dry eye
severity groups

95% confidence

interval for mean .
Mean | SD | SE Min. | Max.
Lower | Upper

bound | bound
0 37 | 0.17 | 0.06 | 0.01 0.15 0.19 0.1 0.3
1 54 | 0.12 | 0.06 | 0.01 0.10 0.14 0.05| 0.3
2 75 | 0.11 | 0.050.01| 0.10 013 |0.05| 0.3
3
4

Groups | N

23 | 0.09 | 0.03 |0.01| 0.07 0.1 0.05| 0.2
11 | 009 | 007 |0.02| 0.05 0.14 0 0.2
Total 200 | 0.12 | 0.06 |0.00| 0.11 0.13 0 0.3

TMH - tear meniscus height; n - number of eyes; Mean - average parameter
value of tested eyes of different grades; SD - standard deviation; SE - standard
error

Table 6. Mean values for lid parallel conjunctival folds in different dry
eye severity groups

95% confidence
interval for mean

Groups| n |Mean| SD | SE Min. | Max.

Lower | Upper
bound | bound

0 37 | 073 | 072 |0.12| 049 0.97 0 2

1 54 | 119 | 082 |0.11| 0.96 1.41 0 3

2 75 | 139 | 0.75 |0.09| 1.21 1.56 0 3

3 23 | 1.65 | 065 |0.13| 1.37 1.93 1 3

4 11 | 1.55 | 0.69 | 0.21 1.08 2.01 1 3

Total | 200 | 1.25 | 0.8 |0.06 | 1.14 1.36 0 3

LIPCOF - lid parallel conjunctival folds; n — number of eyes; Mean - average
parameter value of tested eyes of different grades; SD - standard deviation;
SE - standard error

We analyzed separately patients with DE who in the
course of this study were diagnosed with SS according
to revised international criteria [18]. Comparing average
values of Schirmer I test between DE of the patients with
SS (11.79 mm), and patients without SS (18.23 mm), we
found that the first group, expectedly, had significantly
lower values (t = -4.25, p < 0.001). Average FTBUT value
of 4.15 seconds in SS patients was also significantly lower
than 5.64 in non Sjogren DE (t = -3.13, p = 0.002), and
the RB in average was significantly higher (4.06 in SS
group versus 2.98 in non-SS group, t = 2.64, p = 0.009).
Eyes of the patients with SS had in average more folds in
LIPCOF test (1.52 in SS group versus 1.33 in non-SS group,
t=1.57, p = 0.06), but there was no difference between the
groups when it comes to TF test and TMH (respectively,
t=0.27,p =0.39; t =-0.39, p = 0.35). Eyes of the patients
with SS were statistically more in higher grades of severity
(t=4.02, p <0.0001).

DISCUSSION

According to DEWS Diagnostic Methodology
Subcommittee we should be aware of the difference be-
tween DE tests used for screening, where high sensitivity is
preferable and group of diagnostic tests for DED with high
overall accuracy along with good sensitivity [1]. Screening
tests that the DEWS group suggested are TMH and TE,
especially the first one, being rapid and simple, and also
with good sensitivity, as confirmed by other studies [11].
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In our study, both LIPCOF and TMH had good sensitiv-
ity, compared to the CC DED clinical tests group (92.8%,
83.5%). Their ability to distinguish normal from mild DE
makes them especially convenient for screening. Garcia-
Resta et al. [19] found that there is a good correlation be-
tween osmolarity and subjective grading of TMH as well
as measuring of TMH using open-source software (NIH
Image]) [19]. Both tear osmolarity and tear meniscus opti-
cal coherence tomography (OCT) measurements comply
with the DEWS grading system as previously reported by
Tukenmez-Dikmen et al. [20] Mean values of TMH and
LIPCOF between different grades of DE did not show sta-
tistically significant difference, so according to our result
they are not convenient for grading DE. In our study, the
mean value of TMH in the group without DE was 0.17 mm.
It is somewhat lower than the one published by Imamura
et al. [15] measured on slit-lamp with graticule for three
different age groups of patients without DE (from younger
to older; group 1: 206 pm; group 2: 209 pm; group 3, 226
pm). One would expect that the average value in the older
group would be lower as in their study, but they assumed
that the obstruction of lacrimal drainage that occurs with
age may have influenced the results in their study. When
comparing the average value of TMH measured with slit-
lamp and with OCT in normal subjects, Imamura et al. [15]
found no statistical differences. Since variability in mea-
surement was less shown with the slit-lamp method, they
suggest slit-lamp measuring of TMH may still be one of
the most useful clinical methods to evaluate tear meniscus.
With the cut off value of 0.19 mm, the sensitivity of TMH
in our study was 83.5%. With the cut-off value of 205 pm,
Singh et al. [21] found that sensitivity of TMH measured
with OCT was 98.3%. As reported in the study by Erb et
al. [11], we also found that LIPCOF has high sensitivity
with the cut-off value of 0.97, but its ability to rule out
diagnosis where DE was not recognized by other clinical
tests was low (33.9%). Specificity of TMH compared to CC
DE tests was also low (49.2%). TF has been reported previ-
ously by Rolando as a valuable test and the grading scale he
devised, as the most popular one, has been used by other
authors [17, 22]. The TF test shows strong correlation with
osmolarity as reported by Versura et al. [23], statistically
significant for each DE subgroup. In our study, TF did not
have high sensitivity and could not distinguish between all
DE subgroups, but had good specificity.

Values of Schirmer I and FTBUT tests of patients with
SS were significantly lower than those in the group of pa-
tients with no SS. The average value of RB was higher for
eyes of the patients with SS, as reported in other studies
as well [24]. One would expect that the average value of
TMH would be lower in the SS group, but that was not
the case in our study. On the other hand, there were more
conjunctival folds in the LIPCOF test in eyes of patients
with SS. TF showed no difference between the two groups.

New methods of meniscometry have been developed to
facilitate simple and dynamic visualization of the tear me-
niscus. OCT assessment of the tear meniscus and conjunc-
tival folds has been extensively studied in the last decade
[25, 26]. Spectral-domain OCT meniscometry has shown
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high reproducibility, but can be biased by conjunctivocha-
lasis and LIPCOF in the same way as with slit-lamp mea-
surements of the tear meniscus [1]. Measuring TMH at the
6 oclock position is, in our opinion, optimal when using
slit-lamp, but the same position is suggested by other au-
thors as the preferred one when using swept-source OCT
[15]. Whether we observe tear meniscus or the presence
of conjunctival folds, analysis of the image acquired with
OCT may be complex, time-consuming, and operator-
dependent. Therefore, we think that slit-lamp measure-
ments of TMH and LIPCOF are preferred as screening test
available in everyday ophthalmology practice.

CONCLUSION

TMH and LIPCOF diagnostic tests are rapid and simple
DE tests, whose high sensitivity and ability to recognize
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[AujarHoCTMUKa BpeAHOCT TPY jeaHOCTaBHA M 6p3a TecTa 3a CyBO OKO — Habopu
KOHjYHKTMBE Napasie/iin UBMLM KanKa, BACMHA MEHMCKYCa Cy3a M TeCT rpaHatba cy3a

bojaHa launh-Kprbaja'?, MunaH Xayu-Munuh?, Jenena Motuh'2, Oanujena PaoHuh*, MuneHko CrojkoBuh'2

'YHuep3uteT y beorpagy, MeauumHckn dakynteT, beorpag, Cpbuja;

2KnuHnuky yeHTap Cpbuje, KnuHuka 3a oune 6onectu, beorpag, Cpbuja
*YHneep3uTeT y beorpapy, OakynteT BeTepuHapcke meguuuHe, beorpapn, Cpbuja;
*Knunnuku yeHTap LipHe Tope, KnuHika 3a ouHe 6onectw, Moaropuua, LipHa lfopa

CAMETAK

YBoa/LUnm Linmb oBor paja je fa ce npoLueHn fnjarHOCTMYKa
BPEeOHOCT TPV jeJHOCTaBHa TeCTa 3a CyBO OKO: HabopY KOHjyHK-
TvBe NapanenHu nenuym Kanka (HKMKWK), BucHa meHnckyca cysa
(BMC) 1 TecT rpaHatba cyse (IC).

Mertoge [ujarHoctnukm TectoBu HKMKK, BMCu I'C cy n3sepeHu
kog 100 naumjeHaTa, of Kojux Ham je 80 ynyheHo Ha npernes
o[} CTpaHe peymaTosiora U HagJ1exHUx opTaamornora, TOKOM
ncnuTrBarba Ha CjorpeHoB CUHAPOM UK 360r CMMTOMA CyBOT
oKa. KoHTponHy rpyny je unHuno 20 nayujeHata 6e3 cumntoma
cyBor oka. CuMnToMu cy eBanyrpaHu NPUMEHOM YNUTHUKA O
nHIeKcy 6onecT noBpLUrHe oka. Pesyntatu TectoBa HKIMUK,
BMC u I'C cy ynopeheHu ca BpegHOCTMMa pe3ynTaTa TecToBa
3a CyBO OKO Mo KoneHxaLLK/M KpUTepujyminma, a To cy: Bpeme
npekuga cy3Hor ¢punma o6ojeHor GpnyopecLerHoMm, Mepetse
cekpeumje cy3a 6e3 aHecTe3uje TOKOM neT MuHyTa LLnmepo-
BOM TpPaKoMm (Schirmer I) n 60jerbe NOBPLUMHE OKa BUTATHOM
60jom Rose Bengal. Takohe je npoLereHa Cnoco6HOCT TeCTOBa
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[la Npeno3Hajy pasnuuute cCTagujyme no cuctemMy rpagvparma
6onectu Dry Eye Work Shop (DEWS).

Pesyntartu [opeherbem ca rpynom TectoBa no KoneHxalukum
kpuTepujymmrma, HKMUK n BMC cy nokasanu BUCOKY CEH3UTMB-
HOCT (92,8% 1 83,5%), [OK UM je cneundrnyHocT buna HUCKa
(34,4% 1 49,2%). TC je Mao HUCKY CeH3UTUBHOCT (59,1%), ann
BUCOKY cneundruHocT (82,7%). lMpoceyHe BpeAHOCTH TeCToBa
HKMWK 1 BMC ce cTaTUCTUUKI 3HauajHO pasnuKyjy namehy KoH-
TPOJIHE rpyne 1 CBUX CTaaujyma 6onectu no rpagaumnju DEWS,
anu He v U3mehy pasnnuUTHX CTagujyma 6onecTy CyBor oKa.
3akmyuak TectoBr BMC 1 HKTVK cy nokasanu BUCOKY CeH3u-
TWBHOCT, LUTO VX YUHW OBJINYHVIM TECTOBMMA 3a CKPVHUHT Gore-
€T cyBor oka. Hucka ceHsmTusHocT Tecta [Cra He cBpcTaBa 'y
Ao6pe CKPUHWHT TECTOBE, aNiN Herosa BUCOKa CNeLMpUYHOCT
My faje AnjarHOCTUYKY BPeJHOCT.

KmbyuHe peun: 60nect cyBor oka; Habopu KOHjyHKT/BE napa-
NeNHN UBMLW KarkKa; BUCMHA MEHWCKYCa Cy3a; TeCT rpaHatba
cy3e
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SUMMARY

Introduction/Objective University teachers have a challenging task in finding creative ways to present
educational content. One of them is to create applications dedicated to educational purposes, which
students can use on their mobile phones any time.

The aim of this study was to evaluate the impact of mobile learning of dentistry students during CO-
VID-19 pandemic.

Methods The prospective study involved 56 students from two medical faculties in the Balkans, who
continued to study online after the declaration of the COVID-19 pandemic. Online teaching was based
on material in the form of PowerPoint presentations. In order to provide an additional educational tool,
a step-by-step mobile application for managing traumatic dental injuries was developed. After one week
of using that mobile application, all students completed a questionnaire in electronic form concerning
teaching satisfaction.

Results Over 90% of the respondents stated that the application facilitated a learning process, improved
their understanding of the teaching unit, and provided a great convenience in terms of access to in-
formation. Median value of the total score concerning clinical protocol by the use of application was
20 (16-20), which was significantly higher than the neutral value (p < 0.001). Median value of the total
score concerning the use of conventional PowerPoint presentations did not differ significantly from the
neutral value (p = 0.284).

Conclusion Mobile learning resulted in improved knowledge of dental traumatology diagnostics and
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INTRODUCTION

Preventive measures instituted to limit a spread
of the COVID-19 among population, such as
social distancing and self-isolation, have initiat-
ed the closure of primary, secondary and higher
educational institutions around the world [1].
In their efforts to mitigate the immediate im-
pact of school closures, many universities and
faculties have replaced the traditional methods
of teaching with distance teaching (and learn-
ing) [2]. As it was impossible to predict the
duration of the self-isolation period, distance
learning has been based primarily on electronic
communication between students and teachers,
i.e., via e-learning. E-learning can be defined
as any use of computers and the Internet in
education, where teaching content is sent in
electronic form. With this technology, teach-
ers can visually present educational content in
a digital environment, trying to make the con-
tent inspiring and filled with interesting mate-
rial, motivating students as much as possible.
Students, on the other hand, can learn at their
convenience [3].

With growing utilization of smartphone
technology, both for personal and profession-
al purposes [4], mobile learning (m-learning)
has developed as a new research branch of
e-learning, in which mobile devices are used
during the learning process [5]. With numer-
ous entertainment-oriented applications avail-
able online, teachers have a challenging task
in finding creative ways to display educational
content. One of them is creating educational
tools that students can use on their mobile
phone at any time. Numerous mobile applica-
tions are constantly being developed that allow
mobile learners to have access to a wide variety
of learning resources [6, 7].

These are particularly valuable for topics
that do not ordinary happen in everyday den-
tal practice, such as managing dental trauma
(traumatic dental injuries [TDI]) [8]. As the
prognosis of traumatized teeth depends on im-
mediate and appropriate treatment, the dentist
must be conscious of the best clinical proto-
col at all times. However, several reports have
been published showing students having insuf-
ficient knowledge on how to manage a TDI,
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68

OVERALL NUMBER OF

GRADUATE STUDENTS
(BOTH FACULTIES)

56
STUDENTS AGREED
TO PARTICIPATE

12
STUDENTS REFUSED
TO PARTICIPATE

E-LEARNING USING
POWERPOINT
PRESENTATIONS

ADDITIONAL MOBILE
LEARNING USING
ANDROID

COMPLETING THE
SATISFACTION
QUESTIONNAIRE

31
MALES

Faculty of Medicine, University of East Sarajevo
(Foca), who continued to operate online after
the declaration of the COVID-19 pandemic (12
of 68 students refused to participate) (Figure
1). Online teaching was based on materials in
the form of PowerPoint presentations (Office,
Microsoft Corporation, Redmond, WA, USA)
(the presentations were of the same content
for both faculties), distributed to students via
e-mail or the Moodle e-learning platform. All
participants in the study went through all stages
of the educational process and signed the con-
sent form electronically.

Additional mobile learning

In the light of the COVID-19 pandemic and the
transfer to online teaching methods, a curric-

Figure 1. Research protocol

and indicating the need for more effective educational
programs [9-12].

The aim of this study was to evaluate the impact of
mobile learning during COVID-19 pandemic, using an
application for managing TDIs.

METHODS

Participants

This prospective study involved 56 fifth-year students in a
five-year-long schooling program (average age is 23 years)

at the Department of Dentistry, the Faculty of Medicine,
University of Pristina (Kosovska Mitrovica) and the

POVREDEN JE

&

POVREDA OBUHVATA

> TVRDA ZUBNA TKIVA

» MLECNI ZuB

> POTPORNI APARAT ZUBA
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ulum-aligned mobile application dedicated to

dental injuries teaching (Dent.IN JURY) was

developed by the corresponding author (based
on recommendations of the International Association of
Dental Traumatology and faculties curriculum) [13]. All
students downloaded the Dent.IN JURY application from
the Google Play Store, available in Serbian and English
(Figure 2).

Satisfaction questionnaire

After completing the online working week according to
the curriculum, all students filled out an electronic satis-
faction questionnaire (Google Forms). Twelve items were
quantified with a five-point Likert scale (1 = strongly dis-
agree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly
agree) [14]. The questionnaire contained three sections
that referred to the following: a) student experience and

DENT.IN JURY DENT.IN JURY

TERAPIJSKI POSTUPAK

‘ | i ZUB NIJE PRONADEN

» UTISNUCE

ZUB JE PRONADEN

» TRAUMATSKA EKSTRAKCIJA

Figure 2. Mobile phone application (Dent.IN JURY) screenshots
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Table 1. Satisfaction questionnaire

Mladenovi¢R. et al.

No. | Question Section
1. | Mobile phone application helped me master the dental injury teaching unit a
2. | Mobile phone facilitated my understanding of clinical protocol following dental injuries a
3. | The advantage of the Mobile phone application is its accessibility at any time using a smartphone and ease of use a
4. | This type of additional learning can be very helpful in learning in other disciplines as well a
5. |l have mastered dental injuries through Mobile phone application b
6. | PowerPoint presentations were more beneficial in mastering dental injuries compared to Mobile phone application d
7. | I have mastered the treatment following injuries to primary teeth by learning through Mobile phone application b
8 PowerPoint preser)tations were more beneficial in mastering the treatment following injuries to primary teeth c
compared to Mobile phone application
9 | havg mastered the_ trgatment following injuries to permanent teeth with incomplete root growth by learning through b
Mobile phone application
1. !’owerPoint presentations were more beneficial in master_ing.the treatment following injuries to permanent teeth with c
incomplete root growth compared to Mobile phone application
11. | I have mastered the treatment following injuries to permanent teeth by learning through Mobile phone application b
12. PowerPoint preser)tations were more beneficial in mastering the treatment following injuries to permanent teeth c
compared to Mobile phone application

a - student experience and satisfaction with mobile learning environment; b — student satisfaction with learning process using the mobile application Dent.IN
JURY; ¢ - student satisfaction with learning process using conventional online teaching tools
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60% 75 m Strongly agree
W Agree
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u Neutral
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30% m Strongly disagree
196 il
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10% 71
0% o —

Question 1 Question 2 Question 3 Question 4

Figure 3. Student experience and satisfaction with mobile learning

satisfaction with mobile learning environment (Questions
1-4); b) student satisfaction with learning process using
the mobile application Dent.IN JURY (Questions 5, 7,
9, 11); and ¢) student satisfaction with learning process
using conventional online teaching tools (PowerPoint)
(Questions 6, 8, 10, 12). To ensure confidentiality, par-
ticipants signed a separate consent form.

Statistical analysis

Data are presented as n (%) or median (Q1-Q3). To test
whether the median of the sample was equal to a known
standard value, we used the Wilcoxon one-sample test.
Statistical hypotheses were tested at the level of statistical
significance of 0.05. All data were processed in the R pro-
gramming environment (R Core Team, 2019).

RESULTS

Over 90% of the respondents believed that the mobile
phone application facilitated the learning process, im-
proved their understanding of the teaching unit, and pro-
vided great convenience in terms of information access
(Figure 3).

‘ DOI: https://doi.org/10.2298/SARH201110007M

Figure 4. Student satisfaction with learning process using Dent.IN

JURY mobile application
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Figure 5. Student satisfaction with learning process using PowerPoint
presentations

Over 85% of respondents believed that they have mas-
tered the treatment following dental injury, mostly con-
cerning injuries of permanent teeth with completed growth
(Figure 4).

The data show that the respondents chose neutral
option for items 6 and 8 of the questionnaires (33.9%),
whereas they completely disagree with statements 10 and
12 (26.8% and 30.4%). Only 1/3 of the respondents indi-
cated agreement with these statements (Figure 5).

The median score for statements related to satisfac-
tion with the learning application was 20 (18.5-20) and
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significantly higher than the neutral value (p < 0.001).
The median score for statements related to mastering of
clinical protocol using the application was 20 (16-20) and
significantly higher than the neutral value (p < 0.001). The
median score for statements related to mastering of clinical
protocol using conventional PowerPoint presentations was
12 (7-15) and did not differ significantly from the neutral
value (p = 0.284).

DISCUSSION

In the last decade, there has been a rapid expansion of
educational resources available for medical students. As
well as traditional resources, students are increasingly ac-
cessing mobile technology and online tools for learning
[15]. As it provides learning flexibility and autonomy, the
concept of mobile learning attracts the interest of both
students and researchers [16]. Smartphones are becoming
a more suitable tool for advancing education in developing
countries [17, 18, 19].

Given that in normal conditions the average person
spends up to 5.5 hours a day on their phone [20], we can
assume that in quarantine conditions, during a state of
emergency due to the COVID-19 pandemic, this number
increased greatly. According to the available data, no mo-
bile application for managing TDIs is available in Serbian.
In order to animate students during the pandemic and pro-
vide them with a better insight into dental traumatology,
we developed a mobile application (Dent.IN JURY) for the
purposes of this study. Creating educational applications is
a unique opportunity for developers, but it also comes with
numerous obstacles and challenges. The biggest problem
for the developers is to understand the educators’ require-
ments for the application to be relevant to the end user. In
our case, this was not a problem because the corresponding
author of this article developed the application [13]. Over
90% of respondents believed that the application facilitated
the learning process and improved their understanding of
the teaching topic. It seems to have precedence over the
classic PowerPoint presentation as it enables better acces-
sibility to information and ease of use. Respondents agreed
that it can possibly be of great help in learning process in
other areas as well. The results of our study confirm the
fact that additional mobile learning methods are impor-
tant for students, and can reduce educational difficulties
in remote areas or during emergencies [21].

The opportunity for dentistry students to encounter a
traumatic injury during undergraduate education depends
on a variety of factors, whereas incidents are managed by
specialists or post-graduate students, leaving the dentistry
students with very little opportunity to be directly involved
in the treatment process, and to acquire sufficient clini-
cal competency prior to graduation [22]. The step-by-step
concept used in the mobile application in this research
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helped students to improve their understanding on man-
agement of injuries of both deciduous and permanent
teeth. Students found the interactive approach to learning
more efficient compared to the less inspiring PowerPoint
presentations. The positive effects of mobile learning were
also reported by Machado et al. [9], who noticed that den-
tistry students showed greater affinity to a mobile appli-
cation for managing TDIs compared to printed material.

Having knowledge of proper diagnosing and treating a
dental injury is also important for medical practitioners,
and especially for those who work in rural areas, where
dental practice is not well supported. Medical students
receive little or no formal dental trauma assessment and
management during medical study, and in order to edu-
cate this target group, numerous educational models for
learning were recommended [23]. Positive results of our
study support the fact that the teaching application can be
easily adapted to the needs of medical practitioners and
applied in everyday practice, making it easier for them to
provide first aid. Conventional teaching, despite serious
and thorough research, seems uninspiring for students. In
order to improve the transfer of knowledge, it is necessary
to incorporate new technologies into learning process. It is
very important that educators keep up with the times and
provide students with the latest methods of learning and
working as much as they can, thus bringing them closer
to their interests [24].

One of the limitations of this application is that it is
Android exclusive, so it is necessary to adapt it to oth-
er platforms in order to be available to all users (iOS,
Windows Phone).

CONCLUSION

Supplementary mobile learning has improved the knowl-
edge in diagnostics and therapy of dental trauma in un-
dergraduate students in quarantine conditions caused by
the COVID-19 pandemic. The development of dedicated
applications is extremely important for providing better
access to information and facilitating learning process for
dentistry students.
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Edekat mobunHe anamkauuje 3a yuerbe 0 noBpeaama 3y6a TOKOM NaHaemuje

COVID-19

Pawa MnageHosuh'?, bojaHa [laBupoBuh?, ViBaH Tywek*, Onueepa Tprukosuh-Jawnh’, KpuctuHa MnageHoBuh?
"YHueep3uTeT y MpuwtnHu - Kocoscka Mutposuua, MeguumHckmn dpakyntet, Katefpa 3a ctomatonorujy, KocoBcka Mutposuua, Cpbuja;
2YHneep3uTet y Kparyjesuy, OakynteT MeamUMHCKIX Hayka, KparyjeBau, Cpouja;

YHusep3uTeT y VctouHom CapajeBy, MeanumHcku dakyntet Qoua, Kateppa 3a ctomatonorujy, ®oua, Penybnmka Cpncka, bocHa n

XepLeroBuHa;

*YHueep3uTtet y HoBom Cagy, MeguuuHckin dpakyntet, KnnHiika 3a ctomatonorujy, Hosu Cag, Cpbuja;
SYHusepauTet y Huwy, MeguumHckmn dakyntet, Kategpa 3a cromatonorujy, Huw, Cpbuja

CAMETAK

YBog/Lumb HactaBHMLYM 1Majy 036U/baH 3a1aTak y NnpoHana-
CKY KpeaTVBHIX Ha4yMHa NpuKasuBarba efyKaTVBHOr Cagpaja.
JepaH op HKX je 1 3pafa HaMEHCKIX annvKauuja y 06pasoBHe
CBPXE Koje CTyAeHTN MOTY KOPUCTUTU Ha CBOM MOBUIHOM Te-
nedoHy y CBaKOM TPEHYTKY.

Ll oBe cTyauje je 610 aa ce NpoLeHN yTuLaj AoAaTHOF MobUsT-
HOT y4YeHba MOOUITHOM annviKaLyjoM 3a AeHTaHy TpaymMaTonorujy
3a BpeMe OHNajH HacTaBe y3poKoBaHe naHgemujom COVID-19.
Mertope Y npocneKT1BHOj CTyAMjU y4eCTBOBAO je 56 CTyAeHa-
Ta Ca fBa MeAMLMHCKa daKynTeTa (ogceKka 3a CTOMaTonorujy)
Ha bankaHy, koja cy nocne npornawerba naHgemunje COVID-19
HacTaBuna paj oHnajH HactaBoM. OHMajH HacTaBa ce 3aCHO-
Basia Ha matepujany y Buay PowerPoint npe3seHTtauuja. Y uuby
JopaTtHe eAyKaluje 3a notpebe oBe CTyAvje pa3BujeHa je Mo-
6uWiHa annvKaLmja 3a yuyere AeHTaIHE TpayMaTooruje Kopak
no Kopak. [locne 3aBpLueHe OHNajH pajHe Hefesbe, CBU CTy-
LEHTN Cy NOMYHWN eNeKTPOHCKM YIMUTHUK KOj Ce OAHOCM Ha
33[j0BO/bCTBO HAaCTaBOM.
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PesynTatu Mpeko 90% vcnutaHnKa cmaTpa fa UM je anmka-
Lyja noMorna y yyehy, oflakliana pasymeBatrbe, a MMa Npea-
HOCT ycnief [JOCTYNMHOCTN y CBAaKOM MOMEHTY 1 ia MOXe 61TI of
Benvike nomMohu y yuery 1y Apyrim gucumnnmHama. MeamjaHa
YKYMHOT HyMEPWYKOT CKOpa MUTakba Be3aHWX 3a CaBlafaBatbe
TepanujcKyx nocTynaka Kopuiwherem annnKaLyje CTaTUucTUYKN
3HaYajHo je BYLLa Of MefujaHe YKYNMHOT CKOpa 3a HeyTpanaH
cTaB (p < 0,001). MegmjaHa yKynHOF HYMepPUUKOr CKopa nu-
Takba Be3aHVX 3a 60/be caBnafjaBame TepanujcKux nocTynaka
Kopuwherem KOHBEHLMOHaNHUX PowerPoint npe3eHTauuja
CTaTUCTUYKM 3HAYajHO Ce He pasnuiKyje of MefunjaHe yKymnHor
CKopa 3a HeyTpanaH ctas (p = 0,284).

3akrmpyuak MobuHo yuerbe 06e36eauo je 6osbe no3HaBame
AMjarHOCTUKe 1 Tepanuje feHTaHe TpaymaTosoruje cTyfeHata
OCHOBHVIX CTyfMja 3a BPeMe OHJ1ajH HacTaBe y3pOKOBaHe MaH-
nemmnjom COVID-19.

KmbyuHe peuun: COVID-19; MOOUHO yuetbe; fieHTaNlHa Tpay-
maTosiorunja

www.srpskiarhiv.rs
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Radical antegrade modular pancreatosplenectomy
— report of two cases and review of the literature
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SUMMARY

Introduction The radical antegrade modular pancreatosplenectomy (RAMPS) procedure was introduced
as a modification of standard retrograde pancreatosplenectomy (SRPS). It was designed to establish a new
surgical approach, with intension to increase possibility of achieving negative posterior (retroperitoneal)
resection margin, as well as to provide complete N1 lymph node clearance.

Outline of cases We present two cases with diagnosed left-sided pancreatic tumors, who were surgi-
cally treated in our hepato-pancreato-biliary department. Both patients underwent posterior RAMPS
procedure. Postoperative course was uneventful in both patients.

Conclusion RAMPS is a safe procedure because it provides complete vascular and bleeding control. It
is a superior procedure in oncologic terms compared to SRPS, as it increases the rate of RO resection,
and provides larger number of lymph nodes harvested. Furthermore, RAMPS is associated with better

overall survival.

Keywords: pancreatic carcinoma; left-sided pancreatic tumors; distal pancreatectomy; RAMPS

INTRODUCTION

Pancreatic cancer is one of the most lethal and
aggressive tumors in human pathology, with
median survival of 3-6 months in untreated
cases, and a five-year survival rate that rang-
es 6-9% [1, 2]. Left-sided pancreatic cancer
is often asymptomatic and more commonly
diagnosed at an advanced stage. Surgical re-
section, often combined with chemo- and/or
radiation therapy, is the only method which
gives a chance of curing this disease. The first
distal pancreatic resection was performed by
Trendelenburg in 1882, and was standardized
by Mayo in 1913 [3]. It is now well understood
and widely accepted that RO resection is the
key factor in the improvement of the long-term
survival [4]. Therefore, it has always been a
goal and a challenge for pancreatic surgeons
to increase the rates of RO resections and re-
duce the recurrence rates. RAMPS procedure
was designed as an answer to those tendencies
in modern pancreatic surgery. It has been per-
formed since 1999 and established by Strasberg
et al. [5] as a novel technique in 2003. The three
main principles of the operation are N1 lymph
node dissection, modular setting of the pos-
terior plan of dissection to improve the prob-
ability to achieve negative posterior resection
margins, and right-to-left dissection for early
and optimal vascular/bleeding control. The
posterior plane of dissection can be directly
on the left adrenal gland and Gerota’s fascia

(anterior RAMPS) or can be posterior to the
adrenal and Gerota’s fascia (posterior RAMPS),
depending on the extent of penetration of the
tumor on computed tomography (CT) scan
(Figure 1). This new procedure and technique
has shifted focus from pancreatic head tumors
to less frequent but equally aggressive and even
more sinister left-sided pancreatic tumors.

REPORT OF CASES
Patient 1

A 66-year-old female patient was admitted to
our hospital for upper abdominal pain and dis-
comfort, followed by a weight loss of around 10
kg for the last two months. Laboratory findings
and tumor-marker serum levels (CEA, CA 19-
9) were within the reference range. Abdominal
multi-detector computed tomography (MDCT)
and magnetic resonance imaging (MRI) de-
tected a large tumor mass (65 x 35 x 45 mm)
located in the tail of the pancreas with involve-
ment of the greater curve of the stomach, the
spleen, and the left adrenal gland, after which
a final decision for surgical resection was made
(Figure 2).

The patient underwent posterior RAMPS
with wedge resection of the greater curve of
the stomach (Figure 3).

It was the very first RAMPS performed at
the Clinical Center of Serbia in Belgrade. The
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PARIETAL PERITONEUM

STANDARD DISTAL PANCREATECTOMY

ANTERIOR RENAL FASCIA

ANTERIOR RAMPS

POSTERIOR RAMPS

POSTERIOR RENAL FASCIA

Figure 1. Left retroperitoneum plane of posterior margin of the radical antegrade
modular pancreatosplenectomy procedure; A - left adrenal gland; SF - splenic
flexure of colon; D - fourth part of duodenum; K -left kidney; P — pancreas

Figure 2. Coronal T2-weighted magnetic resonance image (A) shows propagation of
the pancreatic tail tumor in perirenal fat plane with infiltration of the renal capsule
(arrow); axial T2-weighted MR image in the same patient (B) shows infiltration of
the left adrenal gland (arrow); the pancreatic tail tumor is shown on B (asterisk)

Figure 3. A) Early vascular control; B) retroperitoneal plane after removal of the
specimen

procedure lasted around 250 minutes and no
blood transfusions were given. The histopath-
ologic analysis revealed a ductal invasive ad-
enocarcinoma. The postoperative course was
uneventful and the patient was discharged from
the hospital after 11 days. Regular check-ups
were scheduled for every three months during
the first postoperative year. The patient re-
ceived adjuvant chemotherapy (gemcitabine).
One year after surgery, three liver metastases
were detected on MDCT of the abdomen, two
of which in the right liver lobe and one in the
left. Palliative chemotherapy treatment was
started. Three months later, multiple pulmo-
nary metastases were detected with chest CT,
and three months later the patient died from
hepatic failure in the terminal stage of the ma-
lignant disease.

Patient 2

The other patient was a 64-year-old fe-
male who was admitted after a large tumor
(45 x 35 x 32 mm) was detected in the tail
of the pancreas with abdominal MDCT and
MRI. Imaging techniques showed extrapancre-
atic tumor propagation with infiltration of the
splenic artery, splenic hilum, left adrenal gland,
and superior pole of the left kidney (Figure 4).
Tumor-marker CA 19-9 serum level was elevat-
ed with a value of 383 nmol/L. After a preopera-
tive physical status assessment, a decision for
a radical surgical procedure was made, and a
patient underwent posterior RAMPS with left
nephrectomy. Operative time was around 300
minutes and no blood transfusions were given.
After histologic examination of the specimen
by a pathologist, a diagnosis of pancreatic duc-
tal invasive adenocarcinoma was established.
Tumor stage was T3N1(3/27), and resection
status was R1. The postoperative course was
uneventful and the patient was discharged from

the hospital on the 12th postoperative day. The patient
is currently receiving the first course of adjuvant chemo-
therapy (gemcitabine).

All procedures performed involving human participants
were in accordance with the ethical standards of the in-
stitutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

DISCUSSION

Figure 4. Coronal reformatted computed tomography image in the
late arterial phase shows a large tumor (asterisk) with infiltration of the
perirenal fat on the left adrenal capsule (arrow); also note infiltration
of the hilus of the spleen with consequent infarction of the splenic
parenchyma

Distal pancreatectomy is the standard surgical approach for
left-sided pancreatic cancer. However, long-term survival
of these patients remains unsatisfactory, with a median
survival time of 10-28 months, and a five-year overall
survival of 6-30% [6, 7]. In recent years, new surgical
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approaches for resectable or borderline-resectable pan-
creatic head cancer, including the artery-first approach,
superior mesenteric vein/portal vein resection and recon-
struction, intraoperative radiotherapy and preoperative
chemo-radiotherapy, have been increasingly combined
with pancreaticoduodenectomy. Despite the highly ag-
gressive nature of the disease, and early regional lymph
node metastasis, adenocarcinomas of the body and tail of
the pancreas have attracted significantly less clinical at-
tention. However, in 2003, Strasberg et al. [5] described a
new distal pancreatectomy technique, termed RAMPS, to
achieve negative posterior resection margins and to remove
the N1 lymph nodes completely. In the RAMPS procedure,
the lymph nodes along the superior and inferior borders of
the left-sided pancreas (10, 11, and 18 according to Japan
Pancreas Society classification), the celiac lymph nodes (9)
and nodes along the front and left side of superior mes-
enteric artery (14p, 14d) are considered N1 lymph nodes,
and are completely removed. In the standard left-pancre-
atectomy, only lymph nodes 10, 11, and 18 are removed.
Further, RAMPS is based on the anatomical architecture of
the posterior pancreatic peritoneal fusion fascia (Gerota’s
fascia, Treitz’ fascia, and Toldt’s fascia). Using Kocher ap-
proaches, the inferior vena cava and the left renal vein
along the Treitz’ fascia level, behind the Gerota’s fascia,
the left renal vein, the renal capsule, and the left adrenal
gland, are separated to achieve a complete resection of the
nerve fiber connective tissue of the tail, the spleen, and
lymph nodes, enhancing the rate of RO resection of the
posterior peritoneum.

In the past decade, the RAMPS procedure has been
increasingly performed, particularly in Japan and Korea.
Multiple studies from different centers have compared
RAMPS to SRPS, evaluating postoperative complications,
RO resection rates, and long-term survival after each type
of procedure [7, 8]. A large meta-analysis from 2019 com-
pared RAMPS to SRPS [9]. Seven studies containing 474
patients have been enrolled in this meta-analysis, includ-
ing 168 patients who underwent RAMPS and 306 patients
who underwent SRPS. Three were prospective and four
were retrospective studies. The studies were conducted
in five countries, China, Italy, Japan, Korea, and the USA.
The pooled analysis showed that RAMPS patients had
better overall survival compared to the SRPS group of
patients. This, however, did not apply to disease-free sur-
vival (DES), which did not improve in the RAMPS patient
group. Further, blood loss in the RAMPS group was sig-
nificantly less than in the SRPS group, emphasizing the
importance of early vascular control of major blood ves-
sels in the RAMPS technique. Regarding the number of
harvested lymph nodes, significantly more lymph nodes
were harvested in the RAMPS than in the SRPS group. It is
calculated that at least 21 lymph nodes should be removed
and analyzed, to ensure a reliable assessment of the nodal
status. Although it has been showed that extended lymph-
adenectomy does not improve survival, more harvested

DOI: https://doi.org/10.2298/SARH200330109D
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lymph nodes may result in more accurate node and tumor
staging, thus more precisely identify the group of patients
who could benefit from postoperative chemotherapy.
Recurrence rate in the RAMPS group is significantly lower
than that in the SRPS group. Since RAMPS uses a so-called
“no-touch isolation technique,” it is fair to assume that
this might result in the reduction of distant tumor cells’
spread. Surprisingly, this meta-analysis, in contrast to that
of Cao et al. [10] from 2017, did not show any significant
difference in RO rate between the RAMPS and the SRPS
patient groups. Meta-analysis and systemic review by Cao
et al. [10] included six retrospective cohort studies with
a total of 378 patients. RAMPS was done in 152 patients
and 226 patients underwent standard procedure. In this
study, RO resection rates were significantly higher in the
RAMPS group. However, no statistically significant dif-
ference between the groups was detected with respect to
the recurrence rate. Furthermore, there was no significant
difference regarding the OS rate between the two groups of
patients, which also applies to the comparison of DFS be-
tween the groups. As expected, the number of lymph nodes
harvested in RAMPS patients was significantly higher than
in those in the standard group. Despite of higher multi-
visceral resection rate in RAMPS patients, incidence of
postoperative complications did not increase. Also, there
was no significant difference in the length of hospital stay,
when comparing the two groups of patients [10]. RAMPS
procedures required greater technical skills, as well as
longer operative times, but not in the terms of statistical
significance; RAMPS group exhibited a tendency towards
improvement of a median survival but no improvement in
recurrence rates. Also, DFS rates were similar in the two
groups. It should be stated here that laparoscopic or robotic
RAMPS have also been performed with satisfactory onco-
logical results and survival outcomes [11, 12]. However,
this approach should be limited to highly selective cases.
Lee et al. [11] proposed Yonsei criteria by which only the
following groups of patients should be treated with mini-
mally invasive RAMPS: a) tumor confined to the pancreas,
b) intact fascia layer between the distal pancreas and the
left adrenal gland and kidney, and c¢) tumor is localized at
least 1-2 cm from the celiac axis.

RAMPS is a safe surgical procedure providing superior
vascular and bleeding control compared to SRPS. RAMPS
is also a superior procedure in oncologic terms compared
to SRPS since it increases the rate of RO resections, and
provides a larger number of lymph nodes harvested.
Further, RAMPS does not increase the rates of postopera-
tive complications. Also, there seemed to be an improve-
ment in the overall survival with the RAMPS technique.
However, further randomized controlled clinical trials of
high quality are needed to draw more solid conclusions
regarding the long-term survival benefit.

Conflict of interest: None declared.
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PaguKanHa aHTeporpagHa mogy/napHa NaHKpeaTocnieHeKToMMja — NPUKa3s ABa

GonecHuKa u nperneg nuteparype

Bnagumup Jyranuh'? JeneHa Kosau**, Munnua Mutposuh?, bopuc Taguh'? Urop Wrkbatosnh'2
'KnuHnukn yeHtap Cpbuje, KnuHuka 3a gurectueHy xvnpyprujy — MpBa xvpypluka KnuHuka, Ogerserbe 3a Xenato-6unno-naHkpeaTnyHy

xupyprujy, beorpag, Cpbuja;

2YHuBep3uTeT y beorpagy, MeanunHckn dakynteT, Katepa 3a xupyprujy ca aHectesuonorujom, beorpag, Cpbuja;
3KnuHnukn ueHTap Cpbuje, LieHTap 3a pagronorujy u MarHeTHy pesoHaHLly, beorpag, Cp6uja;
*YHuBep3uTeT y Beorpagy, MeguumHcku dakyntet, Kateapa 3a paguonorujy, beorpag, Cpbuja

CAXETAK

YBopg PagvikanHa aHTeporpafHa MofynapHa naHkpeatocmne-
HekTomuja (PAMIIC) yBepeHa je kao moanduKaLmja cTaHAapaHe
petporpagHe naHkpeatocnneHektomuje (CPIC). OcmumwwbeHa
je Kao HOBU XMPYPLLKM NPUCTYN ca HaMepoMm fa ce noseha mo-
ryRHOCT 3a nocTn3atbe HeraTiBHe MOCTePUOPHE (peTponepu-
TOHeasHe) peceKLMOHe MapriiHe, Kao U ca LinSbem KOMMIETHOT
yKnatbarba CBUX TUMPHYMX Hogyca N1.

Mpukasu 6onecHuKa lMNpukasyjemo ABa 6onecHrKa ca TyMmo-
pviMa Tena 1 pena naHKpeaca AnjarHOCTMKOBaHUM MyNTHAe-
TEKTOPCKOM KOMjyTepPr30BaHOM TOMOrpadijom 1 MarHeTHOM
pe30HaHLIOM Koja Cy onepurcaHa Ha Hallem Ofiesbekby 3a XernaTo-
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6vnmo-naHkpeaTnyry xmpyprujy. Kog o6a 6onecHrika ypaheH
je 3agrbu PAMIIC. MocTonepaTuBHY TOK Kof 06a 6onecHrKa
npoTeKao je 6e3 KomnnvKaumja.

3akmyuak PAMIC je 6e36eaHa xvpypluKa npoLeaypa 3aTto
wTo omoryhaBa MoTnyHy KOHTPOJY BaCKyNapHUX enemeHara v
Moryher KpBapeha. To je OHKOJOLLKY CynepropHa TeXHUKaA Y
opHocy Ha CPIMC 3aTo wTo pe3ynTupa 3HaTHO Behrm cTonama
PO pecekuwja v 3HaTHO BehriM 6pojeM yKnoHeHUX TMMOHUX
Hopyca. Takohe, PAMIIC je yapy»eH ca 60/b1MM LyropoyHum
npexmsrbaBatbem y ogHocy Ha CPTIC.

KrbyuHe peun: KapLy1MHOM NaHKpeaca; TYMopu Tena 1 pena
naHKpeaca; AncTanHa naHkpearektomuja; PAMIC
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SUMMARY

Introduction Neuroendocrine tumors of the pancreas are rare neoplasms. They are divided into two
groups: functional and non-functional. Non-functional tumors represent a diagnostic challenge, given
that they often remain asymptomatic and are diagnosed as an incidental finding.

Case outline We present a patient in whom the tumor was discovered at the junction of the body and
the tail of the pancreas, on the dorsal side. The patient had no specific symptomatology, there was no
loss in body weight. Considering the diagnostic procedures conducted and the condition of the patient,
we decided to perform laparoscopic enucleation. The procedure was carried out in a safe and efficient
manner, so that operative and postoperative recovery was uneventful. The definitive histopathological
examination confirmed the finding of a non-functional pancreatic neuroendocrine tumor.

Conclusion Laparoscopic enucleation is an effective and safe treatment modality for neuroendocrine
tumors of the pancreas with well-known advantages, as compared to open surgery, but there is always
a tendency to improve the already existing results and thus to contribute, not only to treatment, but to
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the greater comfort of the patient.
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INTRODUCTION

Neuroendocrine tumors of the pancreas (pNETs)
represent rare neoplasms. They are divided into
two basic groups: functional (F-pNETs) and
non-functional (NF-pNETs). NF-pNETs can
often secrete chromogranin A, neuron-specific
enolase, calcitonin, or other peptides, but they
are mainly with no characteristic symptomatol-
ogy [1, 2].

Pre-operative imaging diagnostics is needed
for the evaluation and detection of the loca-
tion of the tumor, and, in this sense, computed
tomography (CT) of the abdomen, endoscopic
ultrasonography (EUS), and magnetic resonance
imaging (MRI) are applied. The octreotide
scanner is particularly useful to determine
the relevancy or the affinity of the tumor for
somatostatin, as well as for the detection of
possible tumor foci that were not observed by
means of the above-mentioned radiological
diagnostics [3].

Modalities of the NF-pNET surgical treat-
ment, depending on the size and the localization
of tumors, range from enucleation and atypical
pancreatectomy to typical pancreatectomy with
lymphadenectomy, including splenectomy; in
the case of tumors localized in the distal part
of the pancreas [4, 5].

CASE REPORT

A 56-year-old male patient was admitted to
our clinic for diagnostics and treatment. At
admission, he was asymptomatic and reported
no previous loss in body weight. Three months
before hospitalization at our clinic, a focal mass
on the pancreas was detected, first with CT scan-
ning, and then by positron emission tomography
(PET/CT), which completed the diagnostics
(Figure 1). The PET scan showed a radioactive

Figure 1. Gallium-68 PET/CT DOTATATE scan - with the
presented radioactive focus in the part of the body to-
wards the tail of the pancreas
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focus on the posterior aspect of the junction between the
body and the tail of the pancreas. The tumor lesion was 18
mm in size and did not invade the intrahepatic duct nor
disrupt the contour of the pancreas.

Taking into account the patient’s general status and pre-
viously conducted diagnostic and clinical examinations, it
was decided that the patient should undergo laparoscopic
enucleation of the pancreatic tumor.

The patient was put under general endotracheal an-
esthesia, pneumoperitoneum was created, after which
working ports were placed on the sites typical for this
type of procedure. Exploration of the abdomen showed
a normal finding. The omental bursa was first opened
via the intercoloepiploic access, the posterior wall of the
stomach was freed, and the upper edge of the pancreas was
then accessible. The body and the tail of the pancreas were
completely mobilized from the retroperitoneum, wherein
the splenic artery and vein were identified. The finding of
an enclosed tumor with a capsule, 2 cm in diameter, was
verified at the transition from the body to the tail of the
pancreas, on the posterior aspect of the pancreas, in the
vicinity of the splenic artery (Figure 2). The tumor did
not give the impression of infiltrating the pancreatic tis-
sue toward the front, nor having contact with the Wirsung
canal. The enucleation of the tumor was performed in full,
with the use of the LigaSure device (SurgRx, Redwood
City, CA, USA), without damaging the capsule (Figure
3). Re-exploration did not verify lesions of the Wirsung
canal. The pars libera of the greater omentum was placed
into the cavity of the removed tumor, wherein the cavity
was completely obliterated. Instead of standard drains, two
contact Foley catheters were placed in the vicinity of the
cavity. A tissue sample of the tumor was sent for definitive
histopathological analysis.

The patient’s postoperative recovery was uneventful.
Drains were removed on the third postoperative day. The
patient was discharged from the hospital four days after
surgery. One month after the surgery, abdominal ultrasound
follow-up was performed, and the findings were normal. Six
months after the surgery, MRI examination was carried out
and abdominal findings were normal. The patient is still in
the process of regular monitoring and medical follow-up.

Definitive PH: The histological organization of pNETs
is predominantly pseudoglandular, insular and trabecular
in the foci, but definitely well differentiated. The finding of
this tumor was immunohistochemically confirmed, it did
not demonstrate any production of hormones, and was as-
sessed as NET-G2 as to its proliferative potential (Figure 4).

The aim of our study was to review laparoscopic enucle-
ation, as an efficient, safe, and secure surgical approach in
the treatment of non-functioning neuroendocrine tumors
localized on the dorsal side of the pancreas.

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

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):212-215

Figure 2. Intraoperative finding - the relationship of the tumor to
the lienal artery; (A) tumor; (B) lienal artery; (C) posterior wall of the
pancreas

Figure 3. Intraoperative photo: tumor enucleated using LigaSure de-
vice; (A) tumor of the pancreas; (B) the cavum of the removed tumor

Figure 4. Total histomorphological and immunohistochemical find-
ings correspond to well-differentiated neuroendocrine tumor of the
pancreas, category (NET - G2)
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DISCUSSION

pNETs originate from cells of the pancreatic islets and
represent a heterogeneous group of pancreatic neoplasms.
Depending on their ability to secrete biologically active
hormones, and whether they show typical clinical symp-
toms, pNETs are divided into F-pNETs and NF-pNETs [6].

NF-pNETs are generally asymptomatic. Their symp-
tomatology is mostly related to the effect of the mass of
the tumor itself on the pancreas or on the surrounding
structures, as well as to their correlation with metastases
[7]. When the symptomatology is present, it presents with
abdominal pain, weight loss, jaundice, and less frequently
with anorexia, nausea, fatigue, palpable masses in the
abdomen, and other signs and symptoms [8]. Mainly,
NE-pNETs present as asymptomatic and are accidentally
discovered, most commonly as incidental findings within
the diagnostics of other diseases [7, 8].

CT is an initial diagnostic examination in detecting
pNETs. These tumors are usually clearly defined lesions.
The presence of a hypoechogenic mass in the arterial
phase of tomography and the presence of calcifications
inside the mass detected is generally associated with a
more aggressive form of the tumor, and therefore with
a poorer prognosis [9]. The MRI has a higher sensitivity
and specificity as compared to the CT scan. The PET/CT
and octreotide scanner are the most sophisticated meth-
ods used to confirm the diagnosis, as well as to detect the
possible presence of metastases or other tumor foci in the
body, which were not detected with the previous imaging
diagnostic. EUS fine-needle aspiration may be of great
importance in determining the nature and localization of
the tumor, preoperatively [4, 9].

In the patient that we have presented, preoperative
diagnostics equivalent to the guidelines of the current
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the advantages of minimally invasive surgical approaches
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Laparoscopic enucleation, although limited by the size of
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CAMETAK

YBoa HeypoeHoKpuHY TyMOpW NaHKpeaca Cy peTke Heonas-
me. [lene ce y ABe rpyne: Ha GyHKLUMOHaNHe 1 HepyHKLMOHan-
He. HedyHKLMOHaNMHN TYMOPY NPeACTaBsbajy ANjarHOCTUYKM
132308, C 063MPOM Ha TO [ja YeCTO OCTajy aCMMTOMATCKM 1
[MjarHOCTUKYjy Ce CIly4YajHO UM Kao y3rpefHu Hanas.
Mpwukas 6onecHunKa MNpeactaB/bamo 6onecHUKa Kog Kora je
TYMOP OTKPMBEH Ha MeCTy Crajatba Tena 1 pera naHkpeaca Ha
[0p3aHoj cTpaHW. bonecHWK HUje Mao cneLueruHy cMMnTo-
martosiorujy, 6uo je 6e3 rybutka TenecHe mace. C 063Mpom Ha
CrpoBeAeHy AWjarHOCTUKY 1 OMLUTe CTake 6onecHrKa, ogly-
YU CMO Ce 3a JTaNapoCKOMNCKy eHyKneauwjy. OBaj mocTynak
je NnpumerbeH Ha curypaH 1 edpukacaH HaumH, Tako Ja je one-
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paTUBHU 1 MOCTOMEPATMBHM TOK MPOLLA0 6e3 KoMMIuKauwja.
NedNHNTIBHUM XMCTONATONOWKMM Npernesom notspheHo je
Aa je pey 0 HepyHKLMOHaIHOM HeypPOEeHAOKPUHOM TyMOpY
naHKpeaca.

3aksbyuak Jlanapockorncka eHykneauuja je ebrikacaH u cury-
paH HauviH leyetba OBYX TYMOpa ca A06PO NO3HATVM Mpef-
HOCTVIMa y OJHOCY Ha OTBOPEHY XMPYPIUjy, anu YBEK NocToju
TeXtba Ka nobosbliakby Beh noctojehnx pesynrarta v Ha Taj
HauViH ce MoXe JOMpPUHETN He camo nevyery Beh 1 6obem
Komdopy bonecHuKa.

KrbyuHe peun: naHKpeac; HeypOeHAOKPIHN TyMOp; fanapo-
CKONCKa eHyKneaumja
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SUMMARY

Introduction Simultaneous ipsilateral coexistence of renal cell carcinoma (RCC) and upper urinary tract
urothelial carcinoma (UTUC) rarely occurs. Balkan endemic nephropathy (BEN) is a chronic degenerative
tubulointerstitial renal disease, strongly associated with UTUC.

Case outline A 60-year-old man from the region of BEN was referred to our clinic due to right flank pain,
fever, and purulent discharge from the cutaneous fistulous opening in the right lumbar area. Multislice
computed tomography urography scan showed right-side pyonephrosis and nephrocutaneous fistulous
tract between the kidney and the skin in the right lumbar region. Cystoscopy detected a papillary tumor
protruding from the right ureteric orifice. Right-side nephroureterectomy with bladder cuff excision was
performed. Histopathological examination revealed rhabdoid RCC of the kidney and multifocal urothelial
carcinoma of the ureter.

Conclusion Our case report and literature review indicate that due to rising incidence of multiple primary
malignant neoplasms (MPMNs), when treating patients with RCC or UTUC, and especially those from the
region of BEN, one should keep in mind the likelihood of synchronous or metachronous occurrence of
these tumors.

Keywords: rhabdoid renal cell carcinoma; urothelial carcinoma; Balkan endemic nephropathy; pyone-
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phrosis; nephrocutaneous fistula

INTRODUCTION

Renal cell carcinoma (RCC) represents the
most common kidney tumor, accounting for
approximately 85% of all kidney malignancies
[1]. Although upper urinary tract urothelial
carcinoma (UTUC), especially ureteric, occurs
more frequently in some regions of the Balkans
than in other areas of the world, its ipsilateral
simultaneous coexistence with RCC is extremely
rare [2, 3]. We report a rare case with simulta-
neous occurrence of ipsilateral rhabdoid RCC
(RRCC) and UTUC of the ureter, in a 60-year-
old man from the region of Balkan endemic
nephropathy (BEN).

CASE REPORT

A 60-year-old male patient from the region of
BEN was admitted to our clinic due to right flank
pain and fever up to 39°C. Physical examina-
tion revealed a palpable right flank mass, with
purulent discharge from the cutaneous fistulous

opening localized at the level of the middle axil-
lary line, below the 12th rib (Figure 1).
Laboratory testing revealed elevated inflam-
matory markers, including white blood cell
count of 19 x 10° cells/L, with 85.1% neutrophils,
C-reactive protein of 58.4 mg/dL, procalcitonin
of 16.25 ng/mL, and serum creatinine of 1.65
mg/dL. Multislice computed tomography urog-
raphy revealed normal left kidney and enlarged,
nonfunctioning right kidney, with high-density
fluid within dilated renal collecting system and a
fistulous communication to the skin of the right
lumbar region. Cystoscopy detected a papillary
tumor protruding from the right ureteric orifice.
Following adequate preparation of the patient,
right side nephroureterectomy with bladder cuff
excision was performed. Intraoperative findings
showed enlarged right kidney, adherent to sur-
rounding structures due to pyonephrosis, with
dilated proximal ureter and a tumor in its distal
part. The postoperative course was regular.
On gross inspection, the rhabdoid compo-
nent of RCC appears as solid white areas at the
peripheral part of the kidney parenchyma and
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Figure 1. Nephrocutaneous fistula in the right lumbar area

Figure 2. Operative nephroureterectomy specimen showing sites of
two mid-ureteric tumors (1, 2) and the distal ureteric tumor (3)

surrounding fatty tissue. The dominant finding was mas-
sive necrosis and hemorrhage. There was a total of three
ureteric tumors, all with papillary configuration. One of
them was located at the distal part, protruding into the
bladder cuff, while the other two had occluded lumen of
the upper ureter (Figure 2).

On microscopic examination, with standard hematoxy-
lin and eosin (H&E) stain, the rhabdoid component of
RCC was characterized by large round cells with globular
eosinophilic paranuclear inclusion bodies, large eccentric
vesicular nuclei with prominent nucleoli. Some cells had
clear cytoplasm. The architectural growth pattern was
alveolar with delicate fibrovascular septae encircling solid
nests of cell. Stroma was scanty, with myxoid change in
some parts of the tumor (Figure 3). The RRCC has been
associated with hemorrhage and necrosis with neutro-
phil infiltration, with vascular and perirenal fat invasion
(Fuhrman grade IV, pT3aNxMx). The rhabdoid compo-
nent was dominant and had been intermixed with the
sarcomatoid component. RRCC was analyzed using the
immunohistochemical method with standard En vision
system. Rhabdoid cells showed focal immunoreactivity
with pancytokeratin and RCC, and vimentin in 100% of
tumor cells (Figure 4). Both pancytokeratin and vimentin
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Figure 3. Rhabdoid component of renal cell carcinoma with myxoid
stromal change (H&E, x400)

Figure 4. The representative immunohistochemical staining of vimen-
tin in rhabdoid component of renal cell carcinoma (EnVision, x400)

#ia2 Y

Figure 5. Ureteral-associated transitional cell carcinoma (H&E, x200)

gave diffuse cytoplasmic staining, with strong accentuation
in the globular cytoplasmic inclusion bodies. Despite their
morphology, the rhabdoid cells showed no evidence of myo-
blast differentiation as immunostains for the muscle markers
desmin and muscle-specific actin / smooth muscle actin
had been negative. Nuclear staining for the Ki-67 nuclear
proliferation antigen was strongly present in rhabdoid and

www.srpskiarhiv.rs ‘

217



218

sarcomatoid components, in more than 90% of tumor cells.
Other investigated immunohistochemical markers, includ-
ing cytokeratin 7 and 20, were negative in all cells. Ureteric
tumors showed classical features of urothelial carcinoma.
One of them was high-risk (high-grade; pT2NxMx), while
the other two showed a classical feature of low-grade, low
stage urothelial carcinoma (pTaNxMx) (Figure 5).

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

DISCUSSION

Simultaneous ipsilateral RCC and UTUC rarely occur. Since
the first case presented in the literature as far back as 1921
by Graves and Templeton, approximately 50 cases of simul-
taneous occurrence of RCC and UTUC in the ipsilateral
kidney or ureter have been reported in the literature until
today [3, 4]. The incidence of multiple primary malignant
neoplasms (MPMNs) ranges 0.7-11.7%, with an increasing
tendency [5, 6].

In respect to all histologic types of RCC in adults, clear
cell is the most common, accounts for 70% of the total,
while other types are less frequent, including papillary RCC
in 10-15%, chromophobe in 4-6%, unclassified in 4-5%,
and collecting duct carcinoma in less than 1% [6]. UTUCs
occur infrequently, accounting for 5-10% of all urothelial
carcinomas [7]. However, the incidence is increased in the
region of BEN [2, 8].

Epidemiological data on simultaneous ipsilateral RCC
and UTUC show extremely rare incidence of this phenom-
enon. In a review of more than 700 cases operated on due to
RCC, Voneschenbach et al. [9] cited only one case (0.14%)
of ipsilateral coexistence of RCC and UTUC of the renal
pelvis. Although the exact mechanism and relationship of
ipsilateral RCC and UUT development remains unclear,
urinary stone disease, hydronephrosis, chronic irritation
and smoking are referred to as the most common etiologi-
cal factors [10]. The symptoms and demographics in these
patients correspond to those that occur in patients with
solitary RCC or UTUC, with hematuria as the most com-
mon symptom (90%), following by flank pain (19%) and a
palpable flank mass (14%) [3, 11]. Compared to the right
side, these tumors affect the left kidney and ureter three
times more often [11]. As proposed by Rouprét et al. [12],
regardless of tumor location, the standard management in
high-risk UTUC includes open radical nephroureterectomy
with bladder cuff excision.

Spontaneous kidney to skin fistulous communication is
a rare condition, occurring as a complication of renal sur-
gery, stone disease, tumors, injuries, and perirenal abscess
formation [13]. Usually, fistulous tract is directed to the
weak anatomical sites of the lumbar region, opening into
external space in the area of the lumbar (Petits) triangle and
the superior lumbar (Grynfeltts) quadrilateral space [14].

BEN is a chronic degenerative tubulointerstitial renal
disease, strongly associated with UTUC, typically occur-
ring in villages of certain areas of the Danube tributaries
within the region of the Balkans [8]. The pathology of BEN

‘ DOI: https://doi.org/10.2298/SARH200922001B
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has been elaborated in several reports. However, one of the
hypotheses, namely the chronic poisoning with aristolo-
chic acid, a toxin produced by plants of the Aristolochia
genus, has provided significant evidence as to the primary
causative agent in BEN, and particularly in the role of
developing BEN-associated cancer [15]. A possible cause
of BEN development and also the urothelial cancer onset
are the DNA adducts, since metabolic activation of the
aristolochic acids leads to a reduction of the nitro group to
create N-hydroxylaristolactams (N-hydroxyl-ALs) [16]. A
recent study by Rosenquist and Grollman [17] has shown
that aristolochic acid had been also associated with the
occurrence of some tumors other than UTUC, including
RCC, bladder tumors, and some liver tumors [17]. Patients
with BEN also show a tendency towards certain metabolic
alterations, which have not been observed in patients with
other kidney diseases. Petkovi¢ et al. [18] showed that the
main risk factors for vascular calcification, including systolic
blood pressure, as well as serum cholesterol and phosphorus
levels, are less pronounced in patients with BEN.

In this case report, we present a patient with a rare and
complex pathological substrate, with an atypical presenta-
tion. Interestingly, the existence of RCC was not verified by
the diagnostic procedure, since it was hidden by the finding
of pyonephrosis, which was a consequence of complete
obstruction of the ureter by tumors.

Rhabdoid differentiation in clear cell RCC has a typical
pattern of dedifferentiation, suggesting poor prognosis,
as reported by Yang et al. [19]. Investigating the impact of
rhabdoid and sarcomatoid differentiation on the prognosis
in 264 patients operated on due to RCC, Kara et al. [20]
reported that, unlike sarcomatoid, rhabdoid differentia-
tion was not associated with an increased risk of lethality.
Sarcomatoid differentiation is reported as an independent
negative prognostic factor, in both localized and advanced
disease, associated with higher grade and stage, with lower
cancer-specific survival rates comparing to grade 4 RCC [20].

It is noteworthy to emphasize the possibility of mis-
diagnosing RRCC for transitional cell carcinoma with
sarcomatoid differentiation, which can significantly affect
the therapy and the prognosis. As for the simultaneous
occurrence of RCC and UTUC, it cannot be concluded
whether it is a synchronous or metachronous occurrence,
due to a lack of data when each of these tumors appears.
According to Moertel et al. [21], a malignant tumor is con-
sidered synchronous if it occurs within six months of the
onset of the previous tumor, while a metachronous tumor
occurs after that period. Terada et al. [22] state that neither
the mechanism nor the causal relationship of ipsilateral
simultaneous tumorogenesis of RCC and UTUC have
been elucidated. Given that the presented patient is from
the BEN region, one possible explanation is the impact of
aristolochic acid as a mutagenic environmental factor on
the genome, and further association with tumorogenesis
of various tumors, including UTUC and RCC.

In regard to the follow-up, there is no standardized pro-
tocol, but postoperative evaluation is performed according
to the protocols for UTUC and RCC, separately. At the first
postoperative control after three months, the patient felt

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):216-220



Simultaneous ipsilateral rhabdoid renal cell carcinoma and multifocal urothelial carcinoma of the ureter in a patient from the region of BEN 219

well, with normal findings on urethrocystoscopy, abdominal
ultrasound and MSCT of the lungs. To our knowledge, this
is the only case report with the simultaneous occurrence
of ipsilateral RRCC and multifocal urothelial carcinoma
of the ureter, with a clinical presentation in the form of
pyonephrosis with spontaneous nephrocutaneous fistula.
Having in mind the nature of these tumors, above all RCC,
we consider that in this particular case, rigorous postopera-
tive monitoring is necessary, in order to detect early disease
progression and achieve maximum therapeutic effects.
Our case report and literature review indicate that due
to the rising incidence of MPMNSs, when treating patients
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with RCC or UTUC, and especially those from the region
of BEN, one should keep in mind the likelihood of syn-
chronous or metachronous occurrence of these tumors.
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CumynTaHu uncunatepanHun pabaouaHn KapumHom bybpexkHux heaumja n
MYNTUQOKANHU YPOTENHU KapLMHOM ypeTepa Koa 60n1ecHMKa U3 permoHa
6ankaHCcKe eHaemcKke HedponaTuje — npuKas 6onecHUKa u nperneg nutepartype

[parocnas bawwuh'?, Jby6uHka JaHkosuh-Bennukosuh'?, MeaH Uratosuh'? JoaH Xavn-hokuh*, AHgpej Berbkosuh®

'"YHusep3uteT y Huwy, MeguumHcku dakyntet, Huw, Cpbuja;
2KnuHnuky yeHTap Huw, Knuhvka 3a yponorujy, Huw, Cpbuja;

*KnuHnyky yeHTap Huw, LieHTap 3a natonorujy 1 natonoLuky aHatomujy, Haw, Cpbuja;

“Cpncka akagemuja HayKa v ymetHocT, beorpag, Cpbuja;

Ynusepautet y Huwy, MeguumHckm dakyntet, Kategpa 3a broxemujy, Huw, Cpbuja

CAXETAK

YBop CumynTaHa uncunatepasnHa KoersucteHumja KapLmHoma
6y6pexxHMx henuja 1 KapurHoma ypoTtena ropHer ypuHapHor
TpakTa peTKo ce jaBsba. bankaHcka eHgemcka Hepponatuja
npeAcTaB/ba XPOHUYHY lereHepaTvBHY TyOynonHTepCTULmjan-
Hy 6onect 6ybpera, CHaXHO NoBe3aHy ca KapLHOMOM ypoTena
TOpHET YPUHAPHOT TPaKTa.

Mpukas 6onecHuKa LllespeceToroguiumby MyLuKapaw 13 per-
oHa bankaHcke eHaeMcke Hedponatuje ynyheH je y Hawy Knu-
HUKyY 360r 60/10Ba Y AECHOj CNabyHW, NOBULLEHE TENECHE Temre-
paType v THOJHOT NMpaxHerba U3 GVCTYNO3HOT OTBOPA Ha KOXN
y npegeny fecHe nymbanHe peruje. BuwecnojHa KomnjyTepuso-
BaHa Tomorpaduja ca yporpadujom nokasana je AeCHOCTPaHy
nmoHedpo3y 1 HeppoKyTaHM GUCTYNO3HM TPAKT n3mehy byope-
ra u Koxe fecHe nymbanHe peruje. Lictockonujom je oTKprBeH
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nanunapHu TYMop Koju BpW 13 opuduLijyma AecHor ypeTepa.
YpaheHa je gecHocTpaHa HedpoypeTepekToMyja Ca EKCLIN31jOM
MaHXeTHe MOoKpahHe beLurike. XMCTOMATONMOWKUM Nperneaom
OTKPUBEH je pabgonaHu KapumHom 6ybpexxHux henuja n myn-
TNGOKaANHUN YPOTENHY KapLMHOM ypeTepa.

3aKsbyyak Haw npukas 6onecHviKa 1 Npernea nutepaType yka-
3yjy fa 360r cBe Behe yyecTanocti BULLECTPYKMX MPUMaPHIX
MaJIMTHNX HEOMAa3MK, NMPUAVKOM leyetba bonecHKa ca KapLu-
HOMOM BybpexHux henwvja unm KapurHOMOM ypoTena ropHer
YPUHAPHOT TPaKTa, a NoCebHO OHMX U3 perroHa bankaHcke
eHpemcke HedpponaTtuje, Tpeba UMaT Ha yMy BepoBaTHOhy
CVHXPOHE 1IN METaxpPOHe MojaBe OBUX TYMOpa.

KmbyuHe peun: pabgongHu KapunHom 6ybpexHux henuja;
KapumHOM ypoTena; 6ankaHcKka eHgemcka Hedponatuja; nmo-
Hedpo3a; HedpoKyTaHa pucTyna
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SUMMARY

Introduction Celiac crisis is a rare and life-threatening complication of celiac disease. Although it occurs
in all ages, the most common affects children within the first two years.

Outline of cases We report three infants (two female, one male, age range 9-12) with celiac crises
as an initial presentation of celiac disease precipitated with rotavirus gastroenteritis. Celiac crisis was
preceded by failure to thrive caused by anorexia, occasional vomiting and frequent abundant stools for
4-8 weeks, and 1-2 days before admission with fever, frequent vomiting and profuse watery diarrhea.
They were admitted in a very severe general condition, severely dehydrated, markedly malnourished,
with an enormously distended abdomen, edema of the lower legs and feet, and perianal erythema. After
correction of dehydration and hypoalbuminemia, they were placed on a gluten- and disaccharide-free
diet and within the first two weeks on additional parenteral nutrition. The applied therapeutic measures
resulted in stabilization and further rapid improvement of the patient’s condition. In all three patients
the latex agglutination test for rotavirus was positive, IgA anti-TTG antibodies elevated (58.6-78 U/ml)
and all three were homozygous carriers of the HLA DQ2 gene. Enterobiopsy was performed two weeks
after the admission and total villous atrophy (Marsh Ilic) was registered in all three patients. In the further
course, the complete recovery of the patient was accomplished by a strict gluten-free diet.

Conclusion Our experience indicates that rotavirus gastroenteritis in timely unrecognized classical celiac

disease in infants can lead to celiac crisis.

Keywords: celiac crisis; infants; rotavirus gastroenteritis

INTRODUCTION

Celiac crisis (CC) is a rare life-threatening com-
plication of celiac disease (CD), which is mostly
seen in the first two years of life [1-9]. It is
characterized by a spontaneous or induced acu-
tization of chronic diarrheal disorder followed
by severe hydroelectrolytic, acid-base and
nutritive disbalance [2, 3, 4, 9-13]. Frequent
precipitating factors of the disease in children
involve interecurrent gastrointestinal or ex-
traintestinal infections [1, 2]. We present three
infants with CC, as an initial presentation of
CD precipitated by rotavirus (RV) gastroenteri-
tis. We present three infants hospitalized over
the past 15 years due to CC as an initial presen-
tation of CD precipitated by RV gastroenteritis.

CASE REPORTS
Case 1
A nine-month-old female infant with the data

of frequent and abundant stools, loss of appe-
tite, occasional vomiting and weight loss since

age 7.5 months. Two days before admission
febrile (up to 38.6°C, rectally), does not ac-
cept meals, often vomits and received profuse
watery diarrhea. On admission severely dehy-
drated, noticeably malnourished, somnolent,
adynamic, with cold and cyanotic acral regions,
edema of the foot dorsum and lower limbs, and
perianal erythema. Rectal temperature (RT)
36.1°C, heart rate (HR) 140/min, respiration
rate (RR) 42/minute and blood pressure (BP)
60/35 mmHg. Body length (BL) P 50%, body
weight (BW) -28%. Stool pH 5 and Clini test
+++. Antibodies to tissue transglutaminase
(AtTG) IgA 66.3 U/ml.

Case 2

A 10-month-old male infant admitted due to
severe dehydration, meteorism, and marked
malnutrition followed by generalized hypopro-
teinic edema. According to parents, over the
previous two months he had frequent, abun-
dant, fatty or watery and loose stools, pro-
gressive food aversion, intermittent postpran-
dial vomiting, apathy, irritability and weight
loss. Two to three days before admission he
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developed a sudden increase of fever, persistent vomiting
and profuse watery diarrhea. On admission somnolent,
adynamic, afebrile (RT 36.6°C), HR 146/min, RR 46/min,
deep, BP 55/30 min/Hg, BH P25% and BW -32%. Perianal
erythematous ulcer changes. Stool pH 5, Clini test +++.
ALTG IgA 78 U/ml.

Case 3

A 12-month-old female infant admitted a day after a sud-
den deterioration of one-month diarrheal disorder fol-
lowed by high fever, vomiting, profuse watery diarrhea, se-
vere dehydration and meteorism. On admission adynamic,
apathetic, irritable, subfebrile (RT 37.9°C), HR 148/min,
RR 44/min, BP 70/40 mmHg, BH P25-50% and BW -24%,
edematous dorsum of feet, perianogenital erythema. Stool
pH 5.5, Clini test +++. AtTG IgA 58.6 U/ml.

Nutrition, onset of CD symptoms and blood laboratory
values on admission of the infants with CC are shown in
Tables 1 and 2.

By the method of latex agglutination, in all three chil-
dren we confirmed RV in the stool. Stool examination for
pathogenic bacteria and Giardia lamblia were negative in
all three patients. Cases 1 and 2 had a mild hypertrans-
aminasemia, without hepatomegaly, hyperbilirubinemia
and increased activity of serum creatinine-phosphatase.

After correction of dehydration and hypoalbuminemia,
patients were placed on a gluten- and disaccharide-free
diet and within the first two weeks on additional paren-
teral nutrition. The therapeutic measures resulted in the
stabilization of the patients’ condition followed by gradual
recovery. Due to marked secretory diarrhea, dur-
ing the first ten days the prevention of dehydra-
tion was done intravenously and during the next
seven to ten days i.e., until the normalization
of stool frequency, with oral rehydration solu-
tion (Orosal® 65, Galenika). After two weeks of
treatment, enterobiopsy was performed and in
all three cases the stereomicroscopic and his-
tological examination of the small intestinal
mucosa showed a total villous atrophy (Marsh
IIIc) (Figure 1). Also, all three were homozygous

Table 1. Nutrition and onset of first celiac disease (CD)
symptoms in infants with celiac crisis

Duration of | Age at gluten | Age at onset of
Case | breast feeding | introduction | CD symptoms
(months) (months) (months)
1 1 3.5 7.5
2 1.5 3 8
3 0.25 4 11

Table 2. Blood laboratory values on admission

Lekovic¢ Z. et al.

carriers of the HLA DQ2 gene. On a gluten-free diet and a
four-month-long supplementation of iron and multivita-
min preparations, all three patients completely recovered.

This case report was approved by the institutional eth-
ics committee, and written consent was obtained from the
patients’ parents/caregivers for the publication of this case
report and any accompanying images.

DISCUSSION

We reported about three infants with CC as the initial
presentation of CD precipitated by RV gastroenteritis. In
all three cases CC was preceded by disturbances which
evidently indicated the classical form of CD that was not
timely recognized, while 1-2 days before admission the
infants developed the typical signs of RV gastroenteritis:
increased fever, frequent vomiting and profuse watery di-
arrhea, i.e., osmotic-secretory diarrhea [1, 14]. All three
children were shortly breast fed and two were exposed to
gluten too early, which, in the presence of genetic predis-
position, led to early expression of CD [15-18]. On the
other hand, as Serbian children are not vaccinated against
rotavirus, RV infection occurred at the age 9-12 months,
i.e., in the period of the loss of prenatally acquired passive
immunity, which, associated with the absence of mater-
nal milk protective effect, added to the development of a
severe clinical form of infective enteritis [14, 19-23]. The
common characteristic of both diseases was that the in-
flammatory changes of the small bowel mucosa were most
expressed in the proximal portion of the small bowel, i.e.,
in the segment that plays the central role in the processes

SR |

Figure 1. Male patient in the initial phase of recovery and stereomicroscopic and
histological appearance of the patient’s small intestinal mucosa

BT Sodium Potassium pH* Creatinin Calcium | Magnesium | Phosphate Albumin Hb
(mmol/l) (mmol/l) (umol/I) (mmol/I) (mmol/l) (mmol/l) (g/1) (g/1)

1 129 2.8 7.24 101 1.96 0.66 0.79 22 98

2 122 24 7.21 108 1.79 0.63 0.64 18 84

3 130 29 7.26 98 1.98 0.67 0.76 24 79

*Capillary blood
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of food digestion and absorption [1, 14]. The joint action
of two different types of inflammation, autoimmune and
infective, resulted in the severe damage of the small bowel
mucosa followed by the reduction of its functional surface
and epithelial immaturity [24, 25]. Therefore, the initial di-
arrheal disorder in association with CD complicated by RV
gastroenteritis suddenly resumed a severe clinical course
to enter all three infants into CC. By the correction of hy-
droelectrolytic and acid-base disbalance, albumin deficit
compensation, as well as gluten and disaccharide-free diet,
the condition of the patients stabilized. However, due to the
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weeks of treatment resulted in disaccharide tolerance, so
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In conclusion, RV gastroenteritis and CD are character-
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age. Thus, this infection in infants with timely unrecog-
nized classical CD can lead to CC.
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PoTaBUpPYCHM racTPoeHTEPUTUC Kao npeuunutupajyhu gpaktop uenujauHe Kpuse Kog,
0A0j4aam — Np1Ka3 60NeCHMKA M Npernes nutepatype

3opaH JlekoBuh'?, Bnagumup Pagnosuh'?, HeseHa Josnunh? TopaH Hypuunh'?, Mapuja MnageHosuh?, MBaHa [awwuh?,
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CAMETAK

YBop LlenmjauHa Kpui3a je peTka 1 XMBOTHO yrpoxaBajyha Kom-
navKauuja uenujauyHe 6onectu. Mako ce jaBrba y cBum fobrma,
Hajuewwhe noraha geLy yHyTap NpBe fBe rogvHe.

Mpuka3s 6onecHuKa MprKasyjemo Tpu ofojueTa (gBa eHcKor
1 jefHO MyLLKOT Nona, y3pacTa 9-12 mecewm) ca LenmjayHom
KPM30M Kao UHMLMjaiHOM Npe3eHTaLmjoM LienrjayHe 6onectu
npeunnuTUpaHy poTaBUpPYCHUM ractpoeHTeputucom. Lienvjau-
HOj Kpy3K je npeTxoamo nopemehaj HanpeoBarba y3pOKOBaH
aHOpPeKCUjom, MoBpeMeHUM noBpaharbemM 1 YECTVIM OOVITHUM
cTonuuama 4-8 Hepesba 1 1-2 faHa npe npujema NoBULLIEHa
Temneparypa, Yecto noBpahame 1 npodysHa BofeHa Anjapeja.
Opojyaa cy NpumbeHa y BPJIO TELKOM OMLUTEM CTakby, TELIKO
AexXnapripaHu, M3pasnto NOTXpareHu, cCa EHOPMHO ANCTEHAN-
paHuM TPBYXoM, efeMOM NOTKOEHMLIE 1 CTOMaNa U NepraHar-
HUM eprTeMOM. HakoH KopeKLmje aexvapaLiuje 1 xunoanbymu-

DOI: https://doi.org/10.2298/SARH200802101L

HeMuje, CTaBJbeHU Cy Ha AujeTy 6e3 ryTeHa 1 fucaxapupa v
YHyTap npBe [Be Heflerbe Ha JoAaTHY NapeHTepanHy UCXpaHy.
lMprimerbeHe Tepanujcke Mepe cy pesynTupane ctabunmsavmjom
1y AarbemM TOKy 6p3vim noborbluakbem cTarba 6onecHuka. Kog
CBa TpU 6oNecHMKa laTeKC aryTUHALMOHM TECT Ha POTaBUPYC
6110 je NO3UTKBAH, aHTUTENa IgA aHTU-TTG noBuLeHa (58,6-78
U/ml) v cBa Tpn cy 61N XOMO3MrOTHU HoCKoum reHa HLA DQ2.
EHTepobuoncuja je ypaheHa fBe Heaerbe nocsie nprjema 1 Kog
cBa Tpy 6onecHuKa je permcTpoBaHa ToTanHa BUO3Ha aTpo-
dwja (Marsh llic). Y nareem ToKy, Ha CTPOroj Aunjett 6e3 rnyTeHa,
ycnenmo je noTnyHM onopaBak bonecHrKa.

3aksbyyvak Halla nckycrBa yKkasyjy Aa poTaBUPYCHU racTpoeH-
TepUTUC KOZ 61aroBpeMeHo Henpeno3HaTe KnacuyHe Lenvja-
UHe 6oNecTU Kof 0fojUeTa MOXe [OBECTY [0 LiefnjauHe Kpuse.
KmbyuHe peun: LenvjauHa Kpu3a; ofojyaj; PoTaBUPYCHM ra-
CTPOEHTEPUTIC
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Management of fulminant mucormycosis of the
maxillary sinus and orbit with an uncontrolled diabetic
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2University of Novi Sad, Faculty of Medicine, Department for Maxillofacial Surgery, Novi Sad, Serbia

SUMMARY

Introduction Mucormycosis of paranasal sinuses is a rare life-threatening opportunistic fungal
disease that requires urgent treatment. The commonly involved are the immunosuppressed
and immunocompetent patients. Patients are presented with facial or orbital cellulitis, necrotic
palate, paresthesia of facial or trigeminal nerves and loss of vision, signs of meningitis. Radio-
logical examinations are not sensitive in the early stages of infection. Definitive diagnosis is
established by biopsy and histological examination of the necrotic tissue.

Case outline In August 2017, a 52-year-old female diabetic was admitted to the Clinic for Maxillofacial
surgery due to the swelling and pain in the right side of the face, headache, fever, restriction of ocular move-
ments, purulent rhinorrhea lasting for one week. Computed tomography examination showed spreading
cellulitis of the right side of the face, total right maxillary end ethmoid sinus heterogeneous occupation and
osteitis of the maxillary walls. Radical surgical debridement was performed. Histopathology and microbial
tests were consistent with the finding of invasive mucormycosis. Liposomal amphotericin B 5mg/kg per
day for four weeks was administered and patient’s glucose levels were controlled with injectable insulin
and local status significantly improved. Patient was reoperated later due to the defect of the right maxilla.
Conclusion Early diagnosis and multidisciplinary approach including microbiology, pathol-
ogy, radiology, surgery, hematology, infectious disease, intensive care and pharmacology is
essential. Treatment of mucormycosis of paranasal sinuses requires prompt and aggressive treatment
with antifungal agents, surgical debridement and control of predisposing factors.

Keywords: mucormycosis; paranasal sinuses; fungal infection; diabetes; opportunistic infection

INTRODUCTION

Mucormycosis of paranasal sinuses is a rare,
fulminant life threatening opportunistic fun-
gal disease that requires urgent treatment
because of its progressive and destructive
nature [1, 2, 3]. The commonly involved are
the immunosuppressed and immunocompe-
tent patients. Poorly controlled diabetes is the
major risk factor for this opportunistic fungal
infection, however there is increasing num-
ber of reports of patients with mucormycosis
undergoing chemotherapy, immunotherapy;,
and organ transplantation [1, 2, 3]. Due to
anatomical factors and compromised immu-
nity, infection from the paranasal sinuses can
spread intracranially and is termed as rhino-
cerebral mucormycosis. Even in the modern
medical age, death rates are very high, 40-80%
even with antifungal therapy [1, 2, 3]. The
infection is caused by the fungi of the order
Mucorales which can be found as saprophytic
microorganisms in the upper airway tract mu-
cosa, with Rhizopus species most commonly
found in the paranasal mucormycosis [1, 2,
3]. In immunocompromised patients due to
impaired phagocytic function of granulocytes
the fungi spores develop into a hyphae form,
invade into the blood vessels, causing throm-
bosis and progressive soft necrosis and bone

destruction [1, 2, 3]. Due to early invasion of
blood vessels the infection can be dissemi-
nated, and rhinocerebral, pulmonary, gastro-
intestinal and cutaneous are the most often
forms [4, 5].

The clinical manifestations at the early
stages are not specific, but with the disease
progression unilateral headache, facial pain,
fever, numbness and nasal discharge are
common. Patients are presented with facial
or orbital cellulitis, necrotic palate, paresthe-
sia of facial or trigeminal nerves and loss of
vision, signs of meningitis with intracranial
propagation [1, 2, 3]. Radiological exami-
nations are not sensitive in the early stages
of infection. Computed tomography (CT)
shows osteitis of maxillary walls and occupa-
tion of maxillary sinus. Magnetic resonance
imaging (MRI) is needed when intracranial
propagation is suspected. Definitive diagno-
sis is established by biopsy and histological
examination of the necrotic tissue.

Treatment of mucormycosis of paranasal
sinuses must be aggressive and quick, con-
sists of early diagnosis, control of the pre-
disposing disease and aggressive surgical
debridement and antifungal therapy.

The aim of this case report is to present a
rare case of mucormycosis of maxillary sinus
and orbit in patient with newly discovered
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Figure 1. A) Patient presenting with cellulitis of the right side of the face and necrotic skin of paranasal area; B) computed tomography
showing right ethmoid cells with heterogeneous density and osteitis; C) computed tomography showing right maxillary sinus with het-

erogeneous density and osteitis

diabetes, demonstrating the diagnostic dilemmas and
treatment algorithm.

All procedures described in this paper involving
were in accordance with the institutional ethical stan-
dards and with the 1964 Helsinki declaration. Informed
consent was obtained from the patient for being in-
cluded in the study and use of medical data and clinical
pictures.

CASE REPORT

In August 2017, 52-year-old female patient with newly
discovered diabetes mellitus type II was admitted to the
Clinic for Maxillofacial Surgery due to the swelling and
pain in the right side of the face, headache, fever, restric-
tion of ocular movements, purulent rhinorrhea lasting for
one week (Figure 1). Because of the swelling propagation
and suspicion on orbital cellulitis we performed CT ex-
amination which showed spreading cellulitis of the right
side of the face, total right maxillary end ethmoid sinus
heterogeneous occupation and osteitis of the maxillary
walls. Because of the rapid progression of infection, oph-
thalmoplegia and necrosis of skin in infraorbital area, we
suspected fungal infection and decided to perform radical
surgical debridement consisting of removal of necrotic
skin and subcutaneous tissue, partial maxillectomy and
ethmoidectomy via intraoral approach and decompression
of the orbit. The necrotic skin, mucosa of the maxillary
and ethmoid sinuses and orbital preseptal tissue were sent
for histopathological examination. Histopathology tests
showed fragments of the necrotic tissue with spores and ir-
regularly shaped hyphae with perivascular infiltration, in-
filtration by neutrophils consistent with the finding of in-
vasive mucormycosis. Culture of biopsy specimens showed
colonies were consistent with Mucorales. Antimicrobial
susceptibility testing was performed and parenteral lipo-
somal amphotericin B 5 mg/kg per day for four weeks
was administered. During hospitalization, the patient’s
glucose levels were controlled with injectable insulin and
local status significantly improved. On control CT exams,
performed weekly, there were no signs of infection.
However, after two months, the patient returned to the
clinic due to the cellulitis of the right side of the face and

‘ DOI: https://doi.org/10.2298/SARH200604015K

Figure 2. Relapse of the infection two months after first treatment; A)
defect of the skin and right maxilla; B) necrotic bone of anterior maxilla,
floor of the orbit and zygomatic bone

Figure 3. Reconstruction of the defect of the right maxilla six months
after first treatment; A) clinical appearance of the defect; B) 3D recon-
struction of the defect of the right maxilla; C) postoperative appear-
ance of the patient after reconstruction of the floor of the orbit and
skin; D) control radiographic picture

the antro-cutaneous fistula (Figure 2). Blood glucose levels
were in normal range and vital signs were normal. The
patient was reoperated and radical surgical debridement
with removal of necrotic maxillary processes of zygomatic
bone, floor of the orbit and medial orbital wall and necrot-
ic skin of the right cheek was performed. The defect was
partially reconstructed with local skin flap. Postoperatively

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):225-228
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parenteral therapy included amphotericin B (5 mg/kg per
day) and meropenem. The surgical specimens were sent
for pathohistological analysis and bony and soft tissue
specimens were positive for fungal spores and hyphae
consistent for mucormycosis. Postoperative period was
uneventful and patient was released from the hospital in
good general health.

In February 2018, six months following the first infec-
tion, we decided to reconstruct the defect of the base of
the orbit with titanium mesh and defect of the skin of the
infraorbital region with local skin flap (Figure 3). After
this surgery patient was reoperated in the April 2018,
November 2018, and October 2019, because of the skin
dehiscence and ectropion when the local skin flaps were
used to reconstruct skin defect. At a recent follow-up two
years after mucormycosis was diagnosed, there were no
signs of recurrent infection.

DISCUSSION

Although rare, mucormycosis is a life-threatening fungal
infection that occurs in immunocompromised patients.
Previous papers reported that there is tendency to an in-
crease of incidence of mucormycosis mainly due to the
increasing number of immunocompromised patients
[2, 6, 7]. Treatment of mucormycosis of paranasal sinuses
requires early diagnosis, prompt and aggressive treatment
with antifungal agents, surgical debridement and control
of predisposing factors. However, despite early diagnosis
and the aggressive surgical and medical treatments, the
mortality rate is very high and reports from literature
show to be 40-80% [1, 2, 3]. Thus, early diagnosis and
multidisciplinary approach including microbiology,
pathology, radiology, surgery, hematology, infectious
disease, intensive care and pharmacology is essential [2].

Rhinocerebral mucormycosis is typically presented
with diabetic patients, while cutaneous and pulmonary
forms are common in immunocompetent patients [7,
8]. Rhinocerebral mucormycosis commonly develops
in paranasal sinuses, most often in maxillary sinus and
subsequently involves orbit, brain and cranial bones.
Localized sinus infection when early discovered and
aggressively treated have good prognosis, while in-
tracranial propagation, especially in immunocom-
petent patients, have very poor prognosis [1, 2, 3].
Immunological state, predominantly severe neutro-
penia, was found to be the most significant negative
survival factor, regardless to the extent of the fungal
infection [1, 2].

Surgical debridement with free margins is still the
standard therapy in order to control infection and ob-
tain tissue for histopathological and microbiological
diagnosis. Postoperative sequels such as disfigurement,
loss of vision, difficulties with oral function, and low
quality of life are common with surviving patients [3].

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):225-228

Table 1. Treatment algorithm for rhinocerebral mucormycosis

Suspected mucormycosis

1. Clinical picture Facial pain, swelling, sinusitis,
ophthalmoplegia, persistent fever,
headache

Uncontrolled diabetic,

neutropenic patient

2. Cranial CT Bone destruction, sinus
Cranial MRI involvement
Chest CT Orbit, brain involvement

Respiratory symptoms

3. Infected tissue biopsy/
endoscopy

Histopathology
Microbiology

4. Radical surgical
debridement

Obtain clean margins
Control the infection
Microbiological diagnosis

5. Long term antifungal
treatment

Amphotericin B 5-10 mg/kg - first
line treatment

Posaconazole 200-1000 mg/day
Isavuconazole 200-1000 mg/day

Diabetes
Neutropenia

6. Control of predisposing
factors

7. Control images Treatment response assessment

8. Delayed reconstruction 6-12 months following local

control of infection

CT - computed tomography; MRI - magnetic resonance imaging

Thus, further research should be made to redefine the
need for radical surgical debridement. First line of
antifungal treatment is liposomal amphotericin B in
doses 5-10mg/kg per day, with constant monitoring of
serum creatinine concentrations. In cases of acute renal
toxicity, azaconazole and posaconazole were found to
be safe alternatives. Several reports demonstrated effi-
cacy of posaconazole and amphotericin B combination,
even without the need for surgical treatment [2, 3, 4].
Currently there is no relevant protocol regarding dos-
age and duration of antifungal treatment. Our patient
received antifungal treatment with amphotericin B for
four weeks during first hospitalization, but infection
relapsed even with good control of diabetes and ab-
sence of infection on control CT scan. Thus, we feel that
reconstructive surgery for these patients should be de-
layed for at least six months after treating the infection.

Treatment of rhinocerebral mucormycosis requires
multidisciplinary approach. Facial swelling, orbital cel-
lulitis, headache, ophthalmoplegia and sinusitis in diabetic
patients should raise suspicion of rhinocerebral mucor-
mycosis. Both CT and MRI examinations should be per-
formed. Following radiological examinations, if sinusitis
is diagnosed endoscopy or open biopsy should be per-
formed. Surgical debridement in order to control infection
and obtain clear margins should be radical in addition
to systemic antifungal treatment. Antifungal treatment
should be continued until complete local resolution of
disease, complete response on radiological images and
control of the predisposing factors (Table 1).

Conflict of interest: None declared.
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Tepanuja pyNMUHAHTHE MYKOPMMKO3e MaKCUAAPHOT CUHYCA U opbuTe Kog,

6onecHuKa ca aujabetecom

Anekcangap Kupam'?, berjamud Hanuh', lennc bpajkosuh'?

'KnuHnykmn ueHTap BojsogunHe, KnuHika 3a makcunodaumjanty n opanty xupyprujy, Hosu Cag, Cpbuja;
Ynusepautet y Hosom Cagy, MeguuuHckm dpakyntet, Kategpa 3a makcunodaumjanty xupyprujy, Hosu Cag, Cpbuja

CAXETAK

YBop MyKopMIKo3a napaHasasHyx CMHYca PETKa je 1 Mo XVBOT
ornacHa onopTYHNCTYKA IbMBMYHA NHEKLMja Koja 3axTeBa
XUTHO Nneyerbe. Obonenu cy Hajuehiie MMyHOCynpecuBHU 1
MMYHOKOMMETEHTHUN 6onecHnLU. Y KNMHNYKO]j cnmum cpehe
ce LenynuTuc amua unu opbute, HeKpo3a Hernua, napecTesuja
daumjanHor nnv TpUreMVHanHoT X1BLA, rybuTtak B1Uaa 1 3HaLm
MeHUHIUTMCA. PagnonoLwKy npernean HUCY OCETIbYBM Y pa-
HUM pazama nHbekupje. JepUHUTMBHA AnjarHO3a ce NocTaB/ba
610NCKjOM 1 XMCTONOLIKUM MPeriefoM HeKPOTUYHOT TKMBa.
Mpukas 6onecHuka Y aBrycty 2017. roante 52-roguiltba avja-
6eTnyapKa NpyMIbeHa je Ha KnuHrky 3a makcunodauujanHy
xupyprujy 36or otulama 1 6ona Ha AeCHoj CTpaHu Nnua, ra-
BO6OJ/bE, MOBYLLEHE TEMMEPATYPe, OdTaNMOMNEernje, rHojHe
pvHOpeje y Tpajakby of jefHe Heperbe. KomnjyTeprn3oBaHOM
TOMOrpadujom je youeH LienynuTic AecHe CTpaHe nnLia, 3aceH-
YEHOCT MaKCUMAPHOT 1 ETMOUAATTHYIX CYHYCa U OCTEUTUC MaK-

Ball: https://doi.org/10.2298/SARH200604015K

CMNapHIX 3UJ0Ba. YUnbeH Cy paamnKanHu XvpypLuKy febpua-
MaH 1 HeKpeKToMuja. XMCTOMaToNOLWKa U MUKPOOMONOLLKa
MMKPO6Ha nokasarna cy MHBa3nBHY MyKOPMUKO3y. [pumerseH
je nunocomantu amdotepuLH b 5 mg/kg AHEBHO TOKOM YeTw-
PV Heperbe, AnjabeTec je KOHTPONMCaH NHCYSIMHOM, @ JIOKaHU
CTaTyC ce 3HayajHo nobosbLuao. bonecHuua je KacHuje NOHOBO
onepucaHa 36or gepeKTa ilecHe MaKkcuie 1 nopa opburte.
3akspyyvak PaHa gujarHosa v MynTMAMCUUMANHAPHNA MPUCTYN
KOjU YKIbyuyje MKpoO61osora, naToora, pagrornora, Xupypra,
xematosiora, HdeKTosiora 6onecTu, IHTEH3VBHY Hery 1 dap-
MaKoJiora of CyLUITUHCKOT Cy 3Hauaja. Jleyerbe MyKOpMUKO3e
napaHasasHuX CMHyca 3axTeBa 6p30 1 arpecuBHO Jieyere aH-
TUPYHIraNHNUM areHCrMa, XMpYpLIKKA AebprAMaH 1 KOHTPOnY
npeancnoHupajyhnx gaxktopa.

KrbyuHe peun: MyKkopmmnKo3a; napaHasanHu CUHYCK; MbUBMYHA
VHdeKLyja; AnjabeTec; onopTyYHUCTUYKa MHbEKLWja
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scientists with the focus on Serbia
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SUMMARY

Over the past decades, development of engineering sciences has vastly contributed to advancements
in medicine by production of numerous devices for diagnostics and treatment. In the middle of the
20th century, a new scientific field, biomedical engineering (BE), was established, which has developed
into an extremely complex scientific discipline requiring a distinctive educational profile. Various study
programs in BE have been established at universities around the world but also at several universities
in Serbia. Also, intensive research in this field is performed at several scientific institutions in Serbia. In
the present paper, short summaries of the research results of several groups of engineers and medical
doctors are presented as an illustration of the wide field of BE research and possibilities of its application

in diagnosis and therapy of various diseases.

Keywords: biomedical engineering; research; education; Serbia

INTRODUCTION

The Academy of Medical Sciences of the
Serbian Medical Society (AMS-SMS) and the
Academy of Engineering Sciences of Serbia
(AESS) signed the Protocol on Cooperation
on February 26, 2020 with the aim to enable
the exchange of experiences and knowledge in
the fields of medicine and engineering sciences,
encourage new multidisciplinary scientific re-
search, and contribute to education of doctors
and engineers.

Over the past decades, the development of
engineering sciences has incredibly contributed
to advancements in medicine by production of
numerous devices for diagnostics and treat-
ment of various diseases. However, it should
be noted that certain technical devices were al-
ready in use in medicine back in ancient times.
Nevertheless, the number of technical discover-
ies that contributed to the development of medi-
cine increased significantly in the 19th century
and almost unthinkably so in recent decades.

BIOMEDICAL ENGINEERING

In the middle of the 20th century, a new scien-
tific field, biomedical engineering (BE) (Figure

1), was established, which has developed into
a largely expanded discipline divided into the
following sub-disciplines [1, 2]:

Biomechanics — examines the kinetics and
dynamics of healthy and diseased individuals
in order to better understand and solve prob-
lems in various fields of medicine (orthopedics,
traumatology, surgery, dentistry, etc.);

Biomechatronics — deals with intelligent
electromechanical systems that help correct
disturbed or lost body functions;

Bioinformatics — an interdisciplinary field,
combining computer science, statistics, math-
ematics, and engineering for the analysis and
interpretation of biological data;

Biomaterials science — directed towards sur-
faces or materials that come into permanent or
temporary contact with human tissues, cells,
or body fluids;

Tissue engineering — defined as “an inter-
disciplinary field that applies the principles of
engineering and the life sciences towards the
development of biological substitutes that re-
store, maintain, or improve tissue function” [3];

Genetic engineering — includes methods of
direct manipulation of genetic material;

Neuroengineering — uses engineering tech-
niques to investigate, explain, repair, replace,
and improve the functions of nervous systems;
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Figure 1. General scheme of integration of technical, medical and
natural sciences in biomedical engineering

Bio-instrumentation — focuses on the development of in-
struments used in the diagnosis and treatment of diseases.

EDUCATION IN BIOMEDICAL ENGINEERING

BE is an extremely complex and extensive scientific dis-
cipline, so it requires a special educational profile. Over
the past decades, BE education has grown rapidly all over
the world, as well as in Serbia. At technical faculties in
Belgrade, Novi Sad, Ni$, and Kragujevac there are several
study programs in BE.

The University of Belgrade has united experts in medi-
cal, technical, and natural sciences working in the fields
of reconstructive, preventive, and regenerative medicine
and has formed an integrated doctoral study program
titled Biomedical Engineering and Technology. Also, some
faculties independently offer courses within master and
doctoral study programs that belong to the BE field (e.g.,
tissue engineering, controlled release, biomaterials, bio-
medical informatics, etc.). At the University of Nig, within
the framework of a Tempus project in 2014, the elective BE
course was established within the doctoral studies.

Also, in the field of dentistry at the faculties in Serbia,
new subjects have come to life: computerized dentistry,
visualization techniques, etc. Most clinical subjects (oral
implantology, maxillofacial surgery, prosthodontics, or-
thodontics) use 3D images, video clips, and simulation
programs as teaching aids.

BIOMEDICAL ENGINEERING RESEARCH IN SERBIA
AND APPLICATION OF THE RESULTS IN PRACTICE

In Serbia, several scientific institutions and many scientists
are engaged in research in various fields of BE. Also, much

‘ DOI: https://doi.org/10.2298/SARH210110021D

Ignjatovi¢ N. L. et al.

research in the field of engineering that is not primarily
focused on medicine often contributes significantly to its
progress [4, 5]. The main goal of the AMS-SMS and AESS
cooperation is to encourage collaborations of all of these
institutions and scientists and thus improve the research in
BE and contribute to the promotion of the achieved results.
This paper, prepared by several physicians and engineers,
marks the beginning of our cooperation. The following
summaries of some of their studies present only an illustra-
tion of the wide field of BE research and possibilities of its
application in diagnosis and therapy of various diseases.

Biomechanical study of fractured bone fixation

Great progress in orthopedic surgery has been achieved
through multidisciplinary research in the field of biome-
chanical characterization of bone and skeletal system. In
the early 1980s, a team was formed at the University of
Ni$, which compared the intensities of forces necessary
for the fracture of human long bone in the laboratories at
the Faculty of Mechanical Engineering. The results of this
investigation led to the assumption that, if such a device
for fixing a fractured bone was constructed, which would
provide stability very similar to the natural stability of the
human bone, fractures would heal much better, with fewer
possible complications [6]. At that time, the conventional
concept of external fixation implied fixing the fracture with
a device with all components in one plane, which resulted
in excessive stability in one and insufficient stability in
the perpendicular plane. Application of the new concept
resulted in the construction of new original implants and
devices that proved to be significantly more effective in
clinical practice compared to conventional implants. The
first invention based on the new concept was an external
skeletal fixator (Figure 2) [7, 8]. At the same time, it was the
simplest device at the international level, so it was quickly
introduced into routine use and to date it has been applied
to over 28,000 patients with severe fractures in domestic
and foreign clinics. Thereafter, the patent was recognized
not only in our country but also as a European (European
Patent Office) and a world patent (World Intellectual
Property Organization). This patent was nominated for
the best world patent by the Patent Office in 2012. The
application of the patent, commercially termed “External
Fixator According to Mitkovi¢” played a key role in rescu-
ing about 5,000 wounded during the war on the territory
of the former Yugoslavia and the subsequent bombing of
Serbia. Another patent resulting from these and additional
studies is “Self-Dynamizing Internal Fixator According to
Mitkovi¢” (Figure 3), which is also routinely used and has
already been applied to about 10,000 patients [9]. This
implant is based on the original concept of spontaneous
dynamization, i.e. it can spontaneously change its biome-
chanical characteristics depending on the stage of fracture
healing, so its other name is “Intelligent Implant.”

Ten years later, this knowledge began to influence the
scientific thought in this narrow field of science at the in-
ternational level, so that it has been accepted by most of
the scientific institutes today.
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of Technical Sciences of the Serbian Academy
of Sciences and Arts, Belgrade; University of
Belgrade, University of Ni§, and University of
Novi Sad). Focusing on bone tissue engineering,
the research included a complete research cycle,
from synthesis and characterization of calcium
phosphate-based materials (synthesized in the
laboratory, but similar to human bone tissue),
design at the molecular level, characterization,
in vitro cell-based assays, in vivo studies on
small and large animals, and pre-clinical tests,
to patients, with the prior approval of the ethical
committee. The concept underlying this bio-
material and resulting implants is innovative
and different from all known concepts. To put
it simply, after the implantation, this “smart

Figure 2. External fixator according to
Mitkovi¢

Figure 3. Self-dynamizing internal fix-
ator according to Mitkovi¢

material” becomes “alive,” it attunes itself to
the needs of the organism and its metabolism,

material surface
morphology

/[-*\J

histological
analysis

and finally disappears (dies), replaced by a
newly formed tissue. It is composed of a non-
bioresorbable component (calcium phosphate-
hydroxyapatite - HAp), needed by the organism,
and of a bioresorbable polymer component. In
the course of time, the polymer gets resorbed
and disappears, whereas the final products of
its degradation, water and carbon dioxide, are
entirely harmless to the organism. The polymer
disappears simultaneously with the formation of
new organic tissue; at the end of the reparation
process, the place of the polymer is taken by a

Figure 4. 3D scaffolds based on nano-hydroxyapatite (N-HAp) and a bioresorbable

polymer in bone tissue engineering

In the 1990s, the same team at the University of Ni§
biomechanically tested a new original concept of artificial
hip. It was thereafter produced by the Electronics Industry
Nis and successfully applied to hundreds of patients. Many
of them still walk today thanks to this endoprosthesis, the
replacement of which was not deemed necessary even after
20 years of use. Progressive decay of the domestic pro-
ducer and availability of prostheses of foreign companies
in Serbia’s market led to stopping the production of this
hip endoprosthesis.

Research in the field of biomaterials science

Within the BE field, and the discipline of biomaterials,
significant results have been achieved in the team work of
researchers of various educational profiles. All research-
ers (engineers and medical doctors) jointly participated
in solving current problems in bone tissue engineering.
Bone tissue is an especially interesting subject of scien-
tific research, due to frequent osteoporosis, as well as
potential frequent fractures. The mineral phase in natu-
ral bone is mostly composed of nano-crystals and nano-
particles of calcium phosphates. The research brought
together several institutions across the country (Institute
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new tissue generated by the organism. Thus, the
implant allows tissue regeneration and growth
[10, 11]. The first stage of the study included
pre-clinical research carried out on cell cultures
(Figure 4). The experimental study carried out
on human cell cultures confirmed high potential for the
application of these biomaterials as the cytotoxicity level
was significantly below that observed for other biomateri-
als [12, 13].

Upon successful confirmation of the advantages of the
application of these biomaterials in pre-clinical studies, the
researchers proceeded to further studies in clinical con-
ditions. The synthesized biomaterial was applied in the
treatment of bone tissue deficiency caused by advanced
resorption of alveolar bone in systemic osteoporosis. The
results of the study have shown that the application of this
composite biomaterial led to an increase in the density
of the alveolar bone; the quality of prosthetic supporting
tissue was satisfactory so that it could bear the load of in-
serted dentures. In short, the application of the biomaterial
resulted in enhancement of the healing process in post-
extraction wounds and a decreased need for additional
interventions. It enables the creation of new bones, which
are very similar to natural bone tissue, induces osteogen-
esis, and prevents resorption. Such reconstruction fully
meets both aesthetic and phonetic requirements [14, 15].

The use of soft lasers (the so-called low-intensity or low-
energy lasers) has made a significant contribution to mod-
ern medicine. The increasing evidence of the beneficial
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effects in various therapeutic procedures is obvious. Low-
energy lasers have powerful biostimulative effects reflected
in more vigorous cell metabolism and microcirculation, re-
sulting in increased mitosis of epithelial, connective tissue
and bone cells. The results achieved so far confirm the use
of lasers as stimulants in regenerative therapeutic methods
and implantation of biomaterials based on HAp in bone
defects. The use of lasers contributes to an increased bone
tissue density, thus diminishing the possibility of undesir-
able processes [16].

Nanotechnology and nano-materials have enabled
significant improvements in the application of the re-
constructive materials based on HAp in bone tissue en-
gineering. Composite biomaterials based on nanopar-
ticulate bioresorbable polymer/HAp (particle size 1-100
nm) significantly accelerated the reconstruction of bone
defects compared to the same material, but in micro-sizes
(> 1 pm). Nano-particulate biomaterials in the form of fill-
ers are highly convenient for practical applications; easily
handled, they make a surgical intervention easier and sim-
pler, whereas the final goal is achieved in a considerably
shorter time [17].

Another example of the use of nanomaterials in bio-
medicine is in multifunctional wound dressings, which
can contain, e.g., silver nanoparticles (AgNPs), inducing
antibacterial activity by the controlled release of silver
nanoparticles and/or ions [18, 19, 20]. Wound dressings
based on AgNPs and alginate solutions and hydrogels en-
hanced healing of second-degree burns in rats [21].

Along with the development of novel products for med-
ical and pharmaceutical applications, BE provides concep-
tion and introduction of new methodologies and protocols
in preclinical and clinical studies as well as in the clinical
practice. For instance, biomimetic bioreactors, which imi-
tate physiological conditions in a certain tissue or organ,
are primarily being developed for tissue engineering pur-
poses. Still, these bioreactors also provide physiologically
relevant studies of novel biomaterials and interactions of
biomaterials with cells and tissues [22, 23, 24]. Thus, by
this approach, it is possible to address the in vitro — in vivo
gap, that is, discrepancies between results obtained in tra-
ditional monolayer cell cultures (in 2D environment) and
those found in animal studies [25, 26, 27]. It was shown,
for example, that nanocomposite alginate hydrogels with
AgNPs had moderate to strong cytotoxic effects on chon-
drocytes in monolayers, while such effects were entirely
absent in 3D bioreactor cultures of immobilized chondro-
cytes in alginate microbeads, as well as in cartilage tissue
cultures in direct contact with the nanocomposite hydrogel
[23, 28]. The results obtained from the bioreactor cultures
were in agreement with the enhancement of wound heal-
ing without any adverse effects found in the treatment of
second-degree burns in rats by the same nanocomposite
hydrogels [21]. Mimicking the physiological conditions is
necessary for a reliable prediction of biomaterial behav-
ior upon implantation at a certain tissue site. Studies of
novel macroporous, composite scaffolds based on gellan
gum and bioactive glass particles have shown that the fluid
flow in perfusion bioreactors significantly promoted the
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formation of a mineral phase as compared to static condi-
tions, which could be related to scaffold implantation in
vascularized tissues [24]. Finally, an integrative approach
to optimization of biomaterial properties and operating
conditions in biomimetic bioreactors may provide tools
for evaluation of new drugs and treatment procedures on
3D models of human tissues, as well as for development
of personalized medical therapies, and thus contribute to
decrease the level of needed animal experimentation [29].

Dentistry and engineering

Dentistry is a very dynamic scientific field, and its progress
is a reflection of the development of basic, and, above all,
technical sciences. Today;, it is almost impossible to find an
area in dentistry which has not been influenced by techni-
cal and technological achievements.

The third industrial revolution - the change from ana-
log and electronic technology to the digital technology
(1980s) made a breakthrough in clinical dentistry. The
term ‘digital dentistry’ was coined, which was defined as
“any dental technology or device that incorporates digital
or computer-controlled components in contrast to that
of mechanical or electrical alone” [30]. Digital dentistry
opens up completely new areas, such as digital impres-
sions, computer-assisted designed and computer-assisted
manufactured (CAD/CAM) dentures technology, digi-
tal radiography and cone-beam computer topography
(CBCT), digital face-bows and virtual articulators, tooth
shade matching, computer-guided implant surgery, etc.

Building on the third revolution, in less than four de-
cades, there is a new, remarkable turnaround - the fourth
industrial revolution, which leads to automation and
robotics in industry, but also in other areas. The dental
profession and science, as well as the accompanying indus-
try, have embraced at incredible speed the new concept of
digital transformation called Dentistry 4.0. [31]. This new
concept, as a synergy of doctors and engineers, has enabled
almost all clinical and laboratory dentistry procedures to
be supported by digital technologies. The progress in vari-
ous fields of dentistry will only be enumerated here.

Medical imaging is the visualization of anatomical struc-
tures by computerized imaging techniques that provide a
digital image as the first step in digital dentistry. Many di-
agnostic and therapeutic procedures were developed based
on generation of digital images: digital tooth impression,
cone-beam computed tomography, etc.

Data processing is now enabled by a large number of
commercial software packages to support diagnostic and
therapeutic procedures in dentistry. These include CAD-
CAM software, digital face-bow and virtual articulators,
tooth shade matching, digital smile design, computer-guid-
ed implant surgery, and computer-guided diagnostics and
treatment in orthodontics [32, 33].

Computer-aided production is the application of soft-
ware to control machine tools in the production of various
3D items. The most commonly used devices in dentistry
are those for milling, sintering, rapid prototyping, and 3D
printing different dental restorations [34].
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Biomaterials used in dentistry are classified in the group
of advanced materials and materials of the future (nano-
materials and smart materials) [35, 36].

Education and science — the introduction of digital tech-
nologies in the curricula of dentistry faculties has started
globally and has reached different levels of application
depending on local resources [37].

A commonly used method of numerical analysis in the
dentistry research is the finite element method (FEM).
Simplified, FEM considers the physical domain (tooth,
dental implant, denture or bridge, temporomandibular
joint, etc.) as a real continuum with infinitely many de-
grees of freedom of point movement and replaces it with
a discrete (virtual) geometric model [35].

Patient record management - the first step in digita-
lization in the dental profession was the introduction of
computers in clinics, health centers, and private practices.
Today, the complete management of health care institu-
tions has been digitized, which simplifies and speeds up
all management activities.

Cochlear implants - the most successful neural
prosthesis

A cochlear implant provides an opportunity for patients
with severe-to-profound hearing impairments to hear
again, for children to learn to speak, to be involved in ev-
eryday life and regular schooling, and gain confidence to
live a full life [38, 39, 40]. Cochlear implantation would
not have been possible without the close collaboration of
engineers, neurotologists, otorhinolaryngologists, and
speech and hearing health professionals.

A cochlear implant is an electronic device, which by-
passes damaged or destroyed receptor cells and transmits
electrical stimulation directly to the fibers of the auditory
nerve. A modern multi-channel cochlear implant, Nucleus®
24 Contour (Cochlear Americas, Lone Tree, CO, USA) was
installed for the first time in Serbia, in Novi Sad, at the
Clinical Center of Vojvodina, the Clinic for Ear, Throat and
Nose Diseases on November 26, 2002, in a patient 40 years
old with postlingual bilateral severe hearing impairment
[40]. In May 2005, the Republic Health Insurance Institute
made a decision on financing the purchase of cochlear im-
plants in the Republic of Serbia, thus reviving the national
program of cochlear implantation in our country. Four
clinical centers in Serbia have been trained for cochlear
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By the end of 2019, over 500 patients with the most
severe forms of hearing impairment underwent surgical
procedures in our country, primarily children, while the
total number of cochlear implant recipients worldwide
reached over 470,000. In the period from 2002 to 2020,
a total of 147 patients underwent surgical procedures at
the Clinic for Otorhinolaryngology and Head and Neck
Surgery at the Clinical Center of Vojvodina.

Today, cochlear implantation is the standard treatment
of severe-to-profound sensory-neural hearing loss in adults
and children that enables patients to achieve good reha-
bilitation and a higher quality of life.

IS BETTER COOPERATION BETWEEN MEDICAL
DOCTORS AND ENGINEERS NEEDED?

Research in the field of engineering sciences has signifi-
cantly contributed to the development of medicine by pro-
duction of numerous devices for diagnostics and treatment
of various diseases. Nevertheless, although every medical
doctor uses modern technologies in practice, few of them
have any training in technological development. There are
few medical schools in the world with programs that link
medicine and engineering. However, even such education
is not sufficient, because it is necessary to achieve under-
standing between doctors, who use different technical tools,
and engineers, who design them. Engineers do not have
complete information on what clinicians need, while cli-
nicians cannot express their suggestions accurately, since
they do not know the technological possibilities [41, 42]. It
is necessary to educate teams of doctors and engineers in
order to achieve better results in the application of existing
technical achievements. This requires continuous educa-
tion of both doctors and engineers through joint seminars,
workshops, conferences, etc. The leading role in healthcare
innovation will be bestowed on those institutions that will
find methods to train engineers, doctors, nurses and others
to work effectively in teams and solve challenges together.
AMS-SMS and AESS will strive to contribute to achieving
this goal.

Conflict of interest: None declared.

5. Simic-Ogrizovic S, Furuncic D, Lezaic V, Radivojevic D, Blagojevic
R, Djukanovic L. Using ANN in selection of the most important
variables in prediction of chronic renal allograft rejection
progression. Transplant Proc. 1999;31(1-2):368-9.

6.  Gajdobranski D, Mitkovi¢ M, Vuckovi¢ N, Milankov M, Jovanovic
S, Mani¢ M, et al. Influence of different methods of internal bone
fixation on characteristics of bone callus in experimental animals.
Srp Arh Celok Lek. 2014;142(1-2):40-7.

7. Mitkovic MB. New concepts in external fixation. Nis: Prosveta;
1993.

www.srpskiarhiv.rs

233



234

20.

21.

22.

23.

Mitkovic MB. External fixation of tibial fractures. Application of
author’s method and device. Beograd, Nis: Serbian Academy of
Sciences and Arts & Faculty of Medicine of the University of Nis;
2019.

Mitkovic MB, Milenkovic S, Micic |, Mladenovic D, Mitkovic

MM. Results of the femur fractures treated with the new
selfdynamisable internal fixator (SIF). Eur J Trauma Emerg Surg.
2012;38(2):191-200.

Ignjatovi¢ N, Tomic¢ S, Daki¢ M, Miljkovi¢ M, Plavsi¢ M, Uskokovi¢
D. Synthesis and Properties of Hydroxyapatite/poly-L-lactide
Composite Biomaterials. Biomaterials. 1999;20(9):809-16.
Ignjatovi¢ N, Savi¢ V, Najman S, Plavsi¢ M, Uskokovi¢ D. A Study of
HAp/PLLA Composite as a Subtitute for Bone Powder, using FT-IR
Spectroscopy. Biomaterials. 2001;22(6):571-5.

Ignjatovi¢ N, Ninkov P, Koji¢ V, Bokurov M, Srdi¢ V, Krnojelac D,

et al. Cytotoxicity and Fibroblast Properties During In Vitro Test
of Biphasic Calcium Phosphate/Poly-DI-Lactide-co-Glycolide
(BCP/DLPLG) Composite Biomaterials Suitable for Bone Tissue
Reparation. Microsc Res Techn. 2006;69(12):976-82.

Ignjatovi¢ N, Wu V, Ajdukovic Z, Mihajilov-Krstev T, Uskokovic¢

V, Uskokovi¢ D. Chitosan-PLGA Polymer Blends as Coatings for
Hydroxyapatite Nanoparticles and Their Effect on Antimicrobial
Properties, Osteoconductivity and Regeneration of Osseous
Tissues. Mat Sci Eng C Mater Biol Appl. 2016;60:357-64.
Ajdukovi¢ Z, Ignjatovi¢ N, Petrovi¢ D, Uskokovi¢ D. Substitution
of Osteoporotic Alveolar Bone by Biphasic Calcium phosphate/
Poly-DI-Lactide-co-Glycolide Biomaterials. J Biomater Appl.
2007;21(3):317-28.

Ignjatovi¢ N, Ajdukovi¢ Z, Savi¢ V, Najman S, Mihailovi¢

D, Vasiljevi¢ P, et al. Nanoparticles of Cobalt-Substituted
Hydroxyapatite in Regeneration of Mandibular Osteoporotic
Bones. J Mater Sci Mater Med. 2013;24(2):343-4.

Obradovi¢ R, Kesi¢ Lj, Mihailovi¢ D, Ignjatovi¢ N, Uskokovic D.
Comparative Efficacy Analysis of Biomaterials and Soft Lasers in
repair of Bone Defects. J Oral Laser Applications. 2007;7(3):161-6.
Ignjatovic NL, Ajdukovic ZR, Savic VP, Uskokovic DP. Size effect of
calcium phosphate coated with poly-DL-lactide- co-glycolide on
healing processes in bone reconstruction. J Biomed Mater Res B
Appl Biomater. 2010;94(1):108-17.

Jovanovic Z, Stojkovska J, Obradovic B, Miskovic-Stankovic

V. Alginate hydrogel microbeads incorporated with Ag
nanoparticles obtained by electrochemical method. Mat Chem
Phys. 2012;133(1):182-9.

Obradovic B, Stojkovska J, Jovanovic Z, Miskovic-Stankovic V.
Novel alginate based nanocomposite hydrogels with incorporated
silver nanoparticles. J Mater Sci: Mater Med. 2012;23(1):99-107.
Stojkovska J, Petrovic P, Jancic |, Milenkovic MT, Obradovic B.
Novel nano-composite hydrogels with honey effective against
multi-resistant clinical strains of Acinetobacter baumannii

and Pseudomonas aeruginosa. Appl Microbiol Biotechnol.
2019;103(20):8529-43.

Stojkovska J, Djurdjevic Z, Jancic |, Bufan B, Milenkovic M, Jankovic
R, et al. Comparative in vivo evaluation of novel formulations
based on alginate and silver nanoparticles for wound treatments.
J Biomater Appl. 2018;32(9):1197-211.

Engelmayr G, Hildebrand D, Sutherland F, Mayer J, Sacks M.

A novel bioreactor for the dynamic flexural stimulation of

tissue engineered heart valve biomaterials. Biomaterials.
2003;24(14):2523-32.

Zvicer J, Miskovic-Stankovic V, Obradovic B. Functional bioreactor
characterization to assess potentials of nanocomposites based
on different alginate types and silver nanoparticles for use as

DOI: https://doi.org/10.2298/SARH210110021D

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Ignjatovi¢ N. L. et al.

cartilage tissue implants. J Biomed Mater Res A. 2019;107(4):755-
68.

Zvicer J, Medic A, Veljovic Dj, Jevtic S, Novak S, Obradovic

B. Biomimetic characterization reveals enhancement of
hydroxyapatite formation by fluid flow in gellan gum and
bioactive glass composite scaffolds. Polym Test. 2019;76:464-72.
Joris F, Manshian BB, Peynshaert K, De Smedt SC, Braeckmansad
K, Soenen SJ. Assessing nanoparticle toxicity in cell-based
assays: Influence of cell culture parameters and optimized
models for bridging the in vitro-in vivo gap. Chem Soc Rev.
2013;42(21):8339-59.

Wan X, Li Z, Ye H, Cui Z. Three-dimensional perfused tumour
spheroid model for anti-cancer drug screening. Biotechnol Lett.
2016;38(8):1389-95.

Li Q Lin H, Rauch J, Deleyrolle L, Reynolds B, Viljoen H, et al.
Scalable culturing of primary human glioblastoma tumor-
initiating cells with a cell-friendly culture system. Sci Rep.
2018;8(3531):1-12.

Stojkovska J, Kostic D, Jovanovic Z, Vukasinovic-Sekulic M,
Miskovic-Stankovic V, Obradovic B. A comprehensive approach
to in vitro functional evaluation of Ag/alginate nanocomposite
hydrogels. Carbohydr Polym. 2014;111:305-14.

Stojkovska J, Zvicer J, Milivojevic M, Petrovic |, Stevanovic M,
Obradovic B. Validation of a novel perfusion bioreactor system in
cancer research. Hem Ind. 2020;74(3):187-96.

Prithviraj DR, Bhalla HK, Vashisht R, Sounderraj K, Prithvi S.
Revolutionizing Restorative Dentistry: An Overview. J Indian
Prosthodont Soc. 2014;14(4):333-43.

Dobrzanski LA, Dobrzanski LB. Dentistry 4.0 Concept in the Design
and Manufacturing of Prosthetic Dental Restorations. Processes.
2020;8(5):525.

Reiss B. Changing times: a new dynamic in digital dentistry. Int J
Comput Dent. 2019;22(3):211-3.

Panchal N, Mahmood L, Retana A, Emera R. Dynamic Navigation
for Dental Implant Surgery. Oral Maxillofac Surg Clin North Am.
2019;31(4):539-47.

Carneiro Pereira AL, Bezerra de Medeiros AK, de Sousa Santos K,
Oliveira de Almeida E, Seabra Barbosa GA, da Fonte Porto Carreiro
A. Accuracy of CAD-CAM systems for removable partial denture
framework fabrication: A systematic review. J Prosthet Dent.
2021;125(2):241-8.

Stamenkovic D, editor. Stomatoloski materijali. Belgrade: Faculty
of Dental Medicine; 2012.

Glisi¢ M, Stamenkovi¢ D, Grbovi¢ A, Todorovi¢ A, Markovi¢

A, Trifkovi¢ B. Analysis of load distribution in tooth-implant
supported fixed partial dentures by the use of resilient abutment.
Srp Arh Celok Lek. 2016;144(3-4):188-95.

Zitzmann N, Matthisson L, Ohla H, JodaT. Digital Undergraduate
Education in Dentistry: A Systematic Review. Int J Environ Res
Public Health. 2020;17(9):3269.

Dankuc D. Editorial Cochlear implants. Med Pregl. 2005;58(7-
8):329-32.

Dankuc D. History of the surgery for otosclerosis and cochlear
implants. Med Pregl. 2015;68(5-6):151-5.

Dankuc D, Vlaski L, Pejakovi¢ N, Mrdjanov V. Complications in
Cochlear Implantation at the Clinical Center of Vojvodina. Srp Arh
Celok Lek. 2015;143(11-12):656-61.

Chandra A. Multidisciplinary collaboration as a sustainable
research model for device development. J Vasc Surg.
2013;57(2):576-82.

YodaT. The effect of collaborative relationship between medical
doctors and engineers on the productivity of developing medical
devices. R&D Management. 2016:46(51):193-206.

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):229-235



Collaboration between medical and engineering scientists in Serbia

WUHTepaMucUMNAMHAPHK NPUCTYN 33 6p3n HanpeAak — capagba HayYHUKA U3 06nacTu
MeAMLUHE U MHKekepcTBa ¢ nocebHUM ocBpTom Ha Cpbujy

Henap J1. VirtbaToBuh'2, Munopag b. Mutkosuh

*4, bojaHa O6pagosuh?®, iparocnas CrameHkosuh*, IparaH JaHkyL*s”7,

Mnogpar Manuh®, AnekcaHgap Mp6oBuh®, bpaHko KoBauesuh? Jbybuua HykaHosuh*
MHCTUTYT TexHMYKMX Hayka Cpricke akagemuje Hayka 1 ymeTHocTu, beorpag, Cpbuja;

Akapemuja UHXerbepckux Hayka Cpbuje, beorpag, Cpbuja;
*Cpncka akagemuja Hayka 1 ymeTHocTw, beorpag, Cpbuja;

“Cpncko nekapcko ApyLwTBo, AKagemuja MeguumMHCKIX Hayka, beorpag, Cpbuja;
YHuBep3uTeT y beorpaay, TexHonowko-meTanypLuku ¢pakyntet, beorpag, Cp6uja;
*KnuHnuky LeHTap BojsoauHe, KnuHuka 3a 6onectu yBa, rpna v Hoca, Hosu Cag, Cpbuja;
’YHneep3uTet y Hosom Cagy, MeguumHckm dpakyntet, Hosu Cap, Cpbuja;

8YHuBep3uTeT y Huwy, MawmHckmn dakyntet, Huw, Cpbuja;
°*YHneep3uTet y beorpagy, MawmHckn dakynteT, Beorpag, Cpbuja

CAMETAK

HanpeTky meanuuHe cy nocneamunx geLeHnja Beoma MHOro
[OMNPUHENY NMPOHaNaCcUM 13 PasnUunTX 0651acT UHXKerep-
cTBa. [10/10BMHOM ABajleceTor BeKa yCrocTassba ce HoBa Hay4YHa
obracT, 6rioMeAMLMHCKO UHXetbepcTBo (BU), Koje ce go caga
pa3BWIIO Y BEOMa C/IOXKeEHY HayuHY ANCLMNAVHY KOja je 3axTeBa-
na v nocebaH o6pazosHY Npodus. Ha yHMBEP3UTETIMA LWINPOM
CBETa, Ka0 1 Ha HEKONNKO YHMBep3unTeTa y Cpbuju ycTaHOBIbE-
HU Cy Pa3nnYmnTV MPOrpamm 13 obnactv bromeanLIVHCKOT NH-
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XerepcTsa. Takohe, Y HEKONMKO HayUHVX HCTUTYLMja y Cpbuju
CNPOBOJE Ce VHTEH3MBHA UCTPaXiBatba y 0BOj 0611acTt. Y 0BOM
pagy npvKasaHu cy pesynTaTii UCTpaXKmBatba HEKOIMKO rpyna
Hay4HU1Ka 13 0611acT MHXeHepCTBa U MeAULIIHE ca LibeM Aa
Ce 1NycTpyje KOMMKO je LUIMPOKO MoJbe NCTPaXKuBakba y 0bnacty
61OMeAVLIMHCKOT NHXeHepCcTBa 1 Kakee cy MOryRHOCTY Hu-
XOBe NpUMeHe y ANjarHoCTVLIM 1 NeYetby pasnnumntx bonectu.
KrbyuHe peun: 6riomeyLMHCKO NHXEHEPCTBO; UCTPAXBatba;
epykaumja; Cpbuja
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SUMMARY

Appropriate healthcare and psychological support for children and adolescents is essential for the suc-
cessful development and good mental health. Unfortunately, this is often a neglected element in the
healthcare systems around the world. It is known that approximately half of all adult psychiatric disorders
start under the age of 14 and that the prevalence of child and adolescent-onset psychiatric conditions
is increasing. The real reason for this increase remains unclear, but it demands our attention as does the
care of affected children, adolescents, and their families. Transitions between different age groups need
to be made easily navigable for the patients and their families.

Many challenges in child and adolescent psychiatry are present, especially in developing countries such
as Serbia. A possible solution for overcoming these challenges is uniting the child and adolescent profes-
sional societies from all over the world. These societies should work together to develop unified strategies
for diagnosis, treatment and support of children affected by psychiatric conditions. By working closely
with pediatricians, family physicians, psychologists, nurses, and other professionals, child and adolescent
psychiatry can use knowledge and skills to support practice while teaching other professionals how to
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optimize the utilization of child and adolescent psychiatry services.
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INTRODUCTION

The early development of children and adoles-
cents and their later transition into adulthood
depends on the support and assistance of adults
— their parents/caregivers, teachers, health-
care providers, and many others. Appropriate
healthcare is essential to the successful develop-
ment and good mental health. Unfortunately,
this is often a neglected element in the health-
care systems around the world. The prevalence
of child and adolescent-onset psychiatric con-
ditions is increasing. The real reason for this
change is unclear, but it demands our attention
as does the care of affected children, adoles-
cents and their families.

Many challenges are present; service capac-
ity for children and adolescents is substantially
limited by multiple barriers including the lack
of resources, restrictive access criteria, distance
from service providers, etc. As a result, some
national studies, like a study conducted in the
USA, estimate that approximately 49% of chil-
dren do not receive professional mental health
treatment or counseling (the prevalence ranged
29.5-72.2% in different states) [1]. The lack of
trained clinicians, especially in child and adoles-
cent psychiatry (CAP) is a global phenomenon.

CAP is a relatively new discipline. With the
advancement of clinical knowledge, research,
education and professional activities, this field
is continually being enriched with a major

commitment to the evidence-based practice.
Additionally, with efforts of The European
Union of Medical Specialists—Child and
Adolescent Psychiatry (UEMS-CAP) along with
the European Society of Child and Adolescent
Psychiatry (ESCAP), the challenges of CAP are
recognized widely. Currently there are continu-
ous efforts to overcome them in every aspect of
CAP - from enrollment in the training to the
implementation of clinical practice [2, 3]. Some
of the improvements of UEMS-CAP include the
composition of the training manual and a log-
book with comprehensive recommendations for
the training with the standardized approach to
CAP across Europe [3].

Studies have shown a high degree and type
(i.e., homotypic and heterotypic) of continuity
of psychopathology from childhood to middle
adulthood [4, 5], and they underscore the need
to study psychopathology through a develop-
mental perspective. The progress in CAP is
making it increasingly clear that psychiatrists
must learn about healthy and pathological de-
velopment for each individual because the de-
velopment does not stop because an individual
reaches the legal age of adulthood [3]. We are
facing a public health crisis with a profoundly
limited capacity to meet these significant health
care needs of our youth. The best way to prove
the need for better recognition of CAP is to
analyze the epidemiology of the common men-
tal health issue of children and adolescents.
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EPIDEMIOLOGY

Young people under 25 years of age make up approximately
43% of the world’s population [6]. The important health is-
sues and risk factors for disease in later life emerge in those
years, and their contribution to the global burden of disease
are relevant [7]. Among the eight main causes of Disability
Adjusted Life Years (DALY) in these age groups, the major-
ity were psychiatric and behavioral in nature. Furthermore,
cross-sectional studies have shown that exposure to risk-
factors (e.g., parental mental illness, child abuse, neglect)
in childhood and adolescence increases the probability of
developing mental health disorders in adulthood [8].

An increasing number of children that need psychiatric
interventions and treatment have been the main interest to
many researchers across the world during the last decade
[9]. In terms of trends of psychiatric disorders in child-
hood, it has been believed that a trend of underdiagnosis
and undertreatment constantly high in the last decades
[10]. However, there is another side to the story. Some
researchers believe that an increase in the prevalence of
psychiatric disorders in childhood is mainly due to over-
diagnosis and overtreatment [11].

There is gathered evidence that the trends of certain
childhood psychiatric disorders tend to increase in adoles-
cence such as depression, anxiety disorders (panic disorder
and agoraphobia) and substance use disorder [12]. Some
of these disorders (panic disorders, agoraphobia and sub-
stance use disorders) continue to increase into adulthood.
On the other hand, some childhood disorders (attention-
deficit hyperactivity disorder - ADHD, and separation
anxiety disorders) tend to decrease across time [12]. These
data again highlight the need for improved mental health
care in this “transition to adult years”

DEPRESSIVE DISORDERS

Depression in young children is a relatively rare disorder,
but when it occurs at such a young age, it can cause severe
symptomatology and possibly have fatal consequences. The
prevalence rates of depression in youth range greatly in dif-
ferent communities. For example, according to the litera-
ture review conducted by Merikangas et al. [13], the rates
of any depressive disorder (DD) ranges 0.9-3.4%; while for
the major depressive disorder (MDD) ranges from 0.6%
in Great Britain to 3% in Puerto Rico. Among preadoles-
cents, researchers report no gender differences in rates of
depression. However, from the beginning of adolescence,
the prevalence of depression is greater among females than
among males with differences persisting into the middle
adulthood [13]. This gender difference is controversial
in the literature with a variety of proposed mechanisms.
It is mostly attributed to the impact of hormonal and
neurodevelopmental patterns that occur during puberty
[14] and greater exposure or sensitivity to psychosocial
stress in adolescent girls [15]. A number of longitudinal
studies from different countries noted that depression
in children (MDD and DD) occurs between 11 and 14
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years of age [13]. The results show that preschool-onset
depression emerged as a robust predictor of Diagnostic
and Statistical Manual of Mental Disorders, 5th Edition:
(DSM-5) MDD in later childhood, even after accounting
for the effect of maternal depression and other risk fac-
tors. Preschool-onset conduct disorder (CD) also predicted
DSM-5 MDD in later childhood, but this association was
partially mediated by maternal non-support, reducing the
effect of preschool CD in predicting DSM depression by
21% [16]. Predictors of depressive symptoms may differ
before and after the initial onset of major depression due
to stress sensitization [17]. Every clinician should bear
in mind that depression symptoms in young people can
differ significantly in comparison to adults. For example,
melancholic and psychotic symptoms occur less frequently
in children [18]. The most common symptoms of depres-
sion in children of preschool age are behavioral problems
and somatic complaints, while school-age children often
present with increased irritability and impulsivity, a failure
to properly function in school and among their peers, low
self-esteem, guilt, increased boredom, etc. [19].

BIPOLAR DISORDERS

Diagnosing pediatric bipolar disorder (PBD) is challenging
due to the wide range of symptom expression, differences
when compared to adults suffering from the same disorder,
presence of comorbid disorders, and diagnostic criteria
that may not be developmentally sensitive [20]. Until the
last decade of the 20th century, PBD was rarely diagnosed.
In that period researchers highlighted the fact that presen-
tation of PBD differs significantly from adults. From that
point on, PBD was much more frequently diagnosed; for
example, the study conducted by Blader et al. [21] reported
a significant linear increase of PBD diagnosis in discharged
pediatric patients in the US from 1996 (1.3 per 10,000) to
2004 (7.3/10,000) [21]. This increase raised concerns that
PBD is overdiagnosed.

The current reported prevalence of mania, hypomania,
and bipolar disorder in population-based studies of youth
range 1-3% in children and adolescents [22]. The results
of most community surveys find nearly equal rates of bi-
polar disorder in boys and girls. The prospective studies
found that the incidence of bipolar disorder peaks at the
age of 14 in both males and females and decreases gradu-
ally thereafter [13].

ANXIETY DISORDERS

Similar to the community studies of adults, anxiety dis-
orders are also quite prevalent in the general population
of children and adolescents. According to national-level
survey conducted in the US, approximately 7.1% of chil-
dren aged 3-17 years (about 4.4 million) have diagnosed
anxiety [23].

Although there is substantial variation across studies,
the literature review results reveal that the onset of any
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anxiety disorder is usually in youth [24]. Further, specific
subtypes of anxiety have differential peak periods of onset.
The specific phobias and separation anxiety occur the ear-
liest, in middle childhood, while other types (agoraphobia,
panic disorders and generalized anxiety disorder) occur in
adolescence with further incidence increase in early adult-
hood [24]. The review by Beesdo et al. [24] also points out
that all anxiety disorders are more frequent in females with
sex differences noticeable as early as childhood. Although
this is a well-established difference confirmed by a number
of studies, some researchers warn that this difference is
often small or nonexistent [25].

PSYCHOTIC SYMPTOMS AND DISORDERS

The population data suggests that the prevalence of sub-
clinical psychotic symptoms in general population is 5%
(many times greater than the actual diagnosis of a psychot-
ic disorder) [26]. There is an increasing body of evidence
that suggests that a large portion of young people expe-
rience psychotic symptoms and that these numbers can
even be greater than that in adults; the rates vary 9-14% in
interview-based research to the rates greater than 25% in
some studies using self-report questionnaires [27]. These
symptoms have been recognized and significant since a
cohort study reported that adolescents who experience
these phenomena have more frequent suicide attempts at
follow ups [28].

The effective pharmacotherapy of these disorders in
children remain the major obstacle for clinicians since this
still remains the area of active research. A large portion of
the antipsychotic treatment has been based on the research
on adult population, however, there are finished and ongo-
ing clinical trials that show promising results [27].

ADHD

Attention-deficit/hyperactivity disorder (ADHD) is one
of the most common psychiatric disorders that occur
in childhood [29]. Although the point prevalence rates
of ADHD have varied 5-12%, the median prevalence of
ADHD in a recent meta-analysis conducted in China was
6.26% (5.36-7.22%) [30]. A higher prevalence of ADHD
in boys has been well-established. Rates of ADHD con-
sistently show a male preponderance of ADHD [29].
Researchers noted many risk factors related to the occur-
rence of ADHD. Among the most common factors are
genetics, prematurity and exposure to lead, cigarettes and
alcohol in pregnancy [31].

CONDUCT AND OPPOSITIONAL DISORDER

Disruptive behavior disorders include two similar disorders:
oppositional defiant disorder (ODD) and a CD. The estimat-
ed prevalence of CD is 3.5% (CI 2.7-4.7%), and the preva-
lence of ODD was estimated to be 2.8% (CI 2.1-3.7%) [32].

‘ DOI: https://doi.org/10.2298/SARH191216009P

Pejovi¢-Milovancevi¢ M. et al.

Similar to ADHD, CD is also more prevalent in boys than
girls, while the male to female prevalence ratio for ODD
was found to be 1.59:1 [33, 34]. Age of onset of disruptive
behavior disorders appears to be an important predictor
of outcome, those with earlier onset experience a longer
duration of ODD and more negative outcomes [35]. The
youth community studies have shown a high degree of co-
occurrence of CD and ADHD, impulse control disorders,
substance abuse, and major mood disorders (bipolar dis-
orders); and a number of comorbid conditions predicted
a slower recovery from these disorders and more negative
outcomes [36, 37]. Likewise, there is also an association
between the presence of disruptive behavior disorders with
mood and anxiety disorders.

EATING DISORDERS

A recent systematic review by Galmiche et al. [38] re-
ported that the weighted ranges of lifetime prevalence for
eating disorders (ED) were 8.4% (3.3-18.6%) for women
and 2.2% (0.8-6.5%) for men, with the highest prevalence
in America (4.6%), followed by Asia (3.5%) and Europe
(2.2%). ED has a mortality rate of at least 5-6%, the highest
mortality rate of any psychiatric illness [39]. The lifetime
prevalence of bulimia nervosa is higher, between 0.9-3%
[40], with an older age of onset of 16 to 17 years. Although
female patients account for most ED diagnoses, males have
accounted for 5-10% of ED cases over the past years, with
some community-based research reporting up to 25% of
cases being male [41].

NEURODEVELOPMENTAL DISORDERS/AUTISM
SPECTRUM DISORDER

The dramatical increase in the prevalence of neurodevel-
opmental disorders, especially autism spectrum disorders
(ASD), is generally accepted. Studies in Asia, Europe, and
North America have identified individuals with ASD
with an average prevalence of 1-2% [42]. In other words,
about 1 in 54 children has been identified with ASD ac-
cording to estimates from Centre for Disease Control
and Prevention Autism and Developmental Disabilities
Monitoring Network [43]. Epidemiological data show that
the incidence of ASD is higher among boys than girls with
ratios around 4:1 [44]. Furthermore, it has been shown
that sex doesn’t moderate the intensity of the core ASD
symptoms, although females tend to be more functional in
everyday life [45]. The exact cause of ASD is still unknown,
but literature data indicates that there is a strong genetic
effect often with the impact of environmental factors (e.g.,
prenatal and postnatal factors) and their interactions in
persons at risk [46].

Bosl et al. [47] recently provided initial evidence for
a role of neural connectivity in early development. The
authors contrasted electroencephalogram complexity in
infants at risk for ASD with normal controls, revealing
reduced complexity in infants-at-risk. Though this study
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suggests the role of connectivity in early development is
associated with ASD risk, the ultimate diagnostic outcome
was not available for infants in this study, so it is unclear
whether connectivity has any predictive validity for autism-
risk [47]. Recent work has focused upon electroencephalo-
gram complexity as a marker of connectivity in ASD [48].

CHALLENGES AHEAD FOR CHILD AND
ADOLESCENT PSYCHIATRY

Number of child and adolescent psychiatrists

Among the world’s seven billion population, almost half
of the citizens are under 25 years of age (with 1.8 billion
between the ages 10-24) [6]. With only about 20,000 child
and adolescent psychiatrists worldwide this means that
there is one child and adolescent psychiatrist for every
300,000 youth of which about 60,000 will have an active
psychiatric disorder [49]. The geographic maldistribution
of child and adolescent psychiatrists in favor of large urban
areas leaves a great many youth unserved or at impossible
distances from psychiatric care. As a consequence, if the
clinicians are not there to identify psychiatric illness, then
“it does not exist” and remains an invisible problem for
the healthcare systems and policymakers [3]. Currently,
in Serbia there are 33 CAP specialists (residents of the
Republic of Serbia), mostly employed in the public sector.
The current number of staff in CAP is not sufficient for
the needs of children living in our country.

What keeps child and adolescent psychiatry so
small and, to a large extent, irrelevant?

1. Recruiting: CAP rarely plays a central role in medical
education curriculum and policy. The same applies to
healthcare planning and policy. Since there are so few
child and adolescent psychiatrist, they rarely participate
in the selection of students entering medical school and
advanced training programs and they are generally not
readily available to serve as “role models” and mentors
for developing physicians.

2. Training: In the last two decades, there were a few
Europe-based studies that focused on all aspects of CAP
training. These studies had shown that the CAP training
programs vary greatly across Europe [3]. This diversity
was recognized by UEMS-CAP and ESCAP which lead
to the development of programs, curricula, and guide-
books aiming to achieve harmonization and homoge-
neity in the training programs [2]. The effects of this
initiative were presented in the recent findings from the
study conducted in 2019, which revealed improvements
and unexpected homogeneity in the training structure
across countries but also recognized some of the chal-
lenges that need to be refined with in the future [3].

3. Practice: The practice of CAP is often isolated from the
rest of medicine. Many practitioners are in private office
practices and rarely have professional interactions with
other physicians. Frequently colleagues from different
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specialties are replacing child and adolescent psychia-
trists with social workers, psychologists, advanced prac-
tice nurses, pediatricians, neurologists, developmental
pediatricians, and all manner of other “mental health
professionals” who either meet their needs or allow them
to say that they have “mental health services”. Even when
they are recognized as healthcare providers, their re-
sources (e.g., medication availability) are often limited
[50].

4. Research: CAP training programs give short shrift to
research training, and there are few provisions for re-
search career development for child and adolescent psy-
chiatrists. As a result, there are remarkably few of them
dedicated to full - or even half-time - research careers.

5. Economics: Because it takes long to prepare a child and
adolescent psychiatrist for practice and the liabilities
and responsibilities are so great, CAP services are more
expensive than other “mental health” providers of care.

Solutions to overcome problems in organization of
child and adolescent psychiatry

The situation leads to two options, to continue down the
same path, or to determine what can and will be done.

What is needed is to re-define discipline, to clearly dis-
tinguish CAP from the other “mental health providers”
CAP are physicians who specialize in the medical specialty
of CAP and who diagnose and treat real disorders of de-
velopmental psychopathology in real patients by using real
evidence-based, scientific practice. CAP should be capable
of helping patients and colleagues in emergencies; man-
age privacy concerns and communicate frequently and
effectively with colleagues; use technology (telemedicine,
computer/app-based interventions) without compromis-
ing quality standards; and seek feedback from colleagues
about what helps and what does not.

CONCLUSION

The CAP as a separate specialty is gaining recognition and
establishment among other medical disciplines worldwide.
In the South-Eastern Europe, the national and interna-
tional CAP societies are working closely to develop uni-
fied strategies for training programs, research, and clini-
cal practice in this field. These unified actions are already
showing promising results in all aspects of CAP. On the
other hand, by working closely with other professionals
(e.g., pediatricians, family physicians, psychologists), CAP
professionals can use the knowledge and skills to support
practice while teaching other professionals how to opti-
mize utilization of CAP services.

The CAP professionals should advocate for practice pri-
mary prevention in psychiatry, ranging from the provision
of iodine to women of reproductive age to the education
of parents about optimum child-rearing practices. They
should make sure that they are keeping the general medi-
cine knowledge to be able to deal with comorbid physical
illness in their patients and at the same time to contribute
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to the image of psychiatry as a medical discipline. CAP
professionals can “see and be seen” through greater activ-
ity in professional organizations outside of CAP and by
speaking loudly and clearly about the needs of children
from a very unique developmental perspective.

One size does not fit all in the sense of cultural relativ-

ism, and in any service planning and delivery, we must take
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Mpesa3sunaxere 13a30Ba y A€Yj0j U aA0NECLLEHTHOj NCUXMjATPUjU

Munuua lMejosnh-MunoBaHuesuh'?, Pobepto pyjuuunh’, Catba Crynmap', Mutba HuHkoBuh?

'YHueep3uTet y beorpaay, MeguunHckm dakyTer, beorpag, Cpbuja;
2/IHCTUTYT 32 MeHTanNHo 3apasibe, beorpag, Cpbuja;
3KnuHuKa 3a fieyjy Heyponorujy 1 ncuxujatpujy, beorpag, Cpbuja

CAMETAK

OproBapajyha 3apaBcTBeHa 1 NCMXOOLWKA NOAPLLKa AeLU U
afonecuUeHTIMa off CYLUTUHCKOT je 3Hayaja 3a yCreLaH ncmxo-
coumjanHn pasBoj, Kao 1 3a OYyBatbe MeHTaNHOr 34passba. Ha-
XKasoCT, 0UyBaHe MEHTAJTHOT 3[paBJba AeLie 1 MIaauX je 4ecTo
3aHeMapeH OMEH Y 3[APaBCTBEHNM CUCTEMIMA LIMPOM CBeTa.
lMo3HaTo je fa NonoBMHA CBUX NCUXMjaTpUjckmx nopemehaja
Kop ofpacnmx noune npe 14. roguHe 1 aa ce npeaneHuuja
NCUXUjaTPUjCKIX CTatba KOA feLle 1 agonecueHata nosehasa.
MpaBwu pa3nor oBor noBehata 1 Aarbe HUje NOTNYHO pasja-
wbeH. be3 063upa Ha HejacHy eTnonorujy, 6pura o obonenoj
Jeuw, afonecLieHTVIMA U HIXOBUM NopogyLiamMa Tpeba Aa npep-
CTaB/ba NPUOPUTET Y 3APABCTBEHNM CUCTEMIIMA CBaKE ApXaBe.
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[no6anHo nocToje MHOIM 1U3a30BWY Yy [eyjoj U afoNeCLEeHTHO]
ncuxujatpujn, a nocebHoO cy HarnaleHy y 3em/bama y passojy,
Kao o je Cpbuja. Moryhe peLuetbe 3a NpeBasuiaKeHe 0BYX
13a30Ba je yapyuBare npodecroHanHnx gpyLuTaBa aeyvje 1
aflonecLeHTHe Ncuxujatpuje U3 Lenor ceeTa. Ta gpyLutsa 6u
Tpebano aa page 3ajefHo Ha Pa3Bojy jeANHCTBEHUX CTpaTeruja
3a AnjarHosy, neyere 1 NoApLLKY Aeun Koja 6onyjy of pa3Boj-
HUX 1 MCUXMjaTpUjcKnX CTarba 1 nopemehaja. Mopep oBora,
KJby4Ha CTBap 3a afeKBaTHO GYHKLIMOHMCatbEe U Hanpe[oBaHe
Jeuje 1 apjonecLeHTe ncmxmjatpuje je 6nrcka MHTepceKTopcKa
capapma ca Apyrum ceKToprma Koju ce 6aBe AeLiom 1 Miaguma.
KrbyuHe peun: feuvja n afonecLeHTHa NcMxmjaTpuja; TPeHL0BY;
3710CTaB/batbe 1 3aHemMapvBarbe felie
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Emerging variants of novel coronavirus — myth and

reality
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SUMMARY

The new coronavirus has crossed the species barrier leading to the pandemic of COVID-19. The lengthy
circulation of the virus within the human population has enabled the development of many new viral
variants, some of which are conducive to further pathogen spread. Notable variants are those that contain
mutations within the S gene, particularly within the region that codes for the receptor-binding domain
(RBD) that links to the hACE-2 receptor. These mutations are responsible for increased viral transmission
and influence disease severity, reliability of clinical tests, as well as vaccine efficacy. At present, the variant
first identified in the United Kingdom poses the greatest threat in Europe.

Keywords: coronavirus; COVID-19; variant; SARS-CoV-2; emerging virus

INTRODUCTION

For all the queries that remain about the novel
coronavirus (CoV) and the disease it causes,
scientists have generated a vast amount of
knowledge in a very short period of time. Some
of them are answered, but some of them are
still a mystery. Today, a year after the virus was
discovered, the question still stands: what do we
really know about SARS-CoV-2?

GENERAL CHARACTERISTICS OF SARS-
Cov-2

Coronaviridae are enveloped, positive-sense
single-stranded RNA viruses in the order of
Nidovirales. The subfamily Orthocoronavirinae
is further classified into four CoV genera: Alfa-,
Beta-, Gamma- and Deltacoronavirus (Figure
1). They infect a variety of animals including
birds and mammals. A broad range of coro-
naviruses are found in bats. They were identi-
fied as human pathogens since the 1960s and
have been associated with 15-30% of annual
respiratory tract infections [1]. Widespread
human coronaviruses HCoV-OC43, HCoV-
229E and HCoV-HKU1 cause common colds
but also lower respiratory tract infections in the
youngest and oldest age groups. The HCoV-
NL63 is considered to be an important cause
of pseudocroup and bronchiolitis in children.

In the last 20 years, two zoonotic coronavi-
ruses have emerged: SARS-CoV and MERS-
CoV, discovered in 2002 and 2012, respectively.
Both have caused human outbreaks, the Severe
Acute Respiratory Syndrome (SARS) and
Middle East Respiratory Syndrome (MERS).
In late 2019, a third novel coronavirus, ini-
tially related to a cluster of pneumonia cases

in Wuhan (China), was identified and named
SARS-CoV-2 [2].

The origin of SARS-CoV-2 is still a mat-
ter of debate. Bioinformatic studies revealed
that is has a 96.2% identity with the coro-
navirus genome isolated from the feces of
Rhinolophus affinis bats [3]. There are three
possible mechanisms by which the bat virus
has crossed the species barrier: by natural se-
lection in an animal host before jumping into
humans or natural selection in humans after
the virus transferred into a human host. The
third mechanism, which is the least likely one,
is artificial manipulation with the bat virus in
a laboratory [4].

The novel virus is closely related to SARS-
CoV. However, SARS-CoV-2 genome sequence
is more distant from SARS-CoV, with 79% of
similarity throughout the whole genome, and
more than 90% of the sequence identity for es-
sential enzymes and structural proteins [5, 6].
The main difference lies in the receptor binding
domain within the S gene [5, 6]. But character-
istics of SARS-CoV-2 in the surface proteins
lead to a higher viral load kinetics, enable virus
to enhanced rate of transmission during the hu-
man infection.

GENETIC VARIABILITY OF SARS-COV-2

The length of the SARS-CoV-2 genome is
about 30,000 nucleotides — extremely long for
an RNA virus. The replication error correction
system with proofreading mechanism limits the
mutation rate of the virus.

The first two thirds of the genome cor-
respond to a single ORFlab gene, coding for
the polyprotein which is cleaved into 16 non-
structural viral proteins. The last third of the
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Figure 1. The novel SARS-CoV-2 position within the viral taxonomy
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Figure 2. A: The organization of the SARS-CoV-2 reference genome; B: representation
of the pathogen’s single-stranded positive-sense RNA; source: Naqyvi et al. [25]

S1 (attachment) S2 (fusion)
S1/S2
V <
N = . RBM I | = C
S1/S2
SARS-S: e | T|V[S|L|L|-|-|-|-|R S|T|S|-| e
SARS-S-2: | 676 |-|[T|QIT|N|S|P|R|[R|A|R S|V/|A|-| sss

Figure 3. The insertion sequence of SARS-CoV-2 at the cleavage site

genome contains nine genes coding for structural proteins,

forms a helical ribonucleocapsid complex
with the RNA and interacts with viral mem-
brane proteins during pathogen assembly.
Accessory genes (3a, 3b, 6, 7a, 7b, 8, 9b, 9,
and 10) present short bits of genome [7, 8].
They are clustered within the structural
genes and help the virus to evade the im-
mune system (Figure 2).

The life cycle of SARS-CoV-2 is a very
dynamic process. After specific adsorption
and membrane fusion, viral genome RNA is
released into the cytoplasm, while uncoated
RNA translates two polyproteins, ppla and
pp1b, which encode nonstructural proteins
and form a replication-transcription com-
plex (RTC) in the vesicle. The RTC con-
tinuously replicates and synthetizes a set of
subgenomic mRNAs that encodes accessory
and structural proteins. After the compo-
nents of RNA and protein assemble, new vi-
ral particles are produced and then released
into the extracellular space via exocytosis.

The polymerase, in addition to its ca-
nonical RNA-dependent RNA polymerase
activity, is able to jump between the differ-
ent RNA strands. This is a property that
plays a key role in the recombination ca-
pacity of CoVs and promotes their evolu-
tion and host change in the case of dual or
mix infection.

THE MAIN ANTIGEN OF SARS-COV-2 -
SPIKE PROTEIN

The S protein of the virus is a key factor
involved in infection. Like other coronavi-
ruses, the S protein of SARS-CoV-2 medi-
ates receptor recognition, cell adsorption
and fusion of viral envelope with plasma
membrane - all events responsible for viral
entry into the cell [9, 10, 11]. This means
that S protein is a major player in the
pathogeneses of viral infection, but is also
involved in evolution of CoV and crossing
of the species barrier [12]. The insertion of
short sequences within the S gene is unique
for SARS-CoV-2. These insertions add four
amino-acids at the precise cleavage site of
the protein, immediately upstream of the
arginine, which creates a sequence RRAR,
corresponding to the consensus recognition
motif of the furin protease (Figure 3) [13].

The S protein is a trimer, composed of

with the most important being surface (spike, S), mem-
brane (M), envelope (E), and nucleocapsid (N) proteins.
Structural proteins aid in the assembly and release of new
copies of the virus. The M and E proteins are involved in
the formation of the viral envelope, while the N protein

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):242-246

three identical units. It forms a characteristic crown-like
halo surrounding the viral particle. The spikes are coated
with polysaccharide molecules to camouflage them, evad-
ing surveillance of the host immune system during entry
[14].
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virulence and infectivity of viruses in the
sense of how widely the new variants spread
and how the disease differs from the disease
caused by other variants. The most impor-

Ectodomain
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| tant question is how the new variants affect
therapy, molecular diagnostic testing for
COVID-19, and effectiveness of vaccina-
tion.

The first variant of SARS-CoV-2 oc-
curred at the beginning of the pandemic,
in late January or early February 2020. It
was a D614G substitution (substitution of
aspartic acid to glycine at position 614) in
the gene encoding the spike protein, but
outside of the RBD region [12, 19]. After
several months, this specific D614G mu-
tant replaced the initial SARS-CoV-2 strain
identified in China and by June 2020 be-
came the dominant form of the virus cir-

Figure 4. The S protein and its structure
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Figure 5. The D614G mutation and its frequency in regard to time

In its native state, S protein exists as an inactive precur-
sor. During viral infection, target cell proteases activate
the S protein and cleaved into two subunits (Figure 4).
The first cleavage called “priming” generates the S1 and
S2 subunits [15]. The second cleavage occurs within the S2
unit and releases the end of the fusion peptide located at
the beginning of the S2 subunit [16]. These two proteolytic
cleavages are catalyzed by furin and serine transmembrane
proteases 2 — TMPRSS2 [15, 16, 17].

The S1 domain contains the receptor-binding domain,
or RBD (319-541 residues), which is mainly responsible
for binding of the virus to the receptor. The S2 domain
mainly contains the heptapeptide repeat sequence, or
the HR domain with HR1 (912-984 residues) and HR2
(1163-1213 residues) units, which is closely related to the
virus fusion protein (FP — 788-806 residues) [12, 18]. Once
the virus interacts with the host cell, extensive structural
rearrangement of the S protein occurs, allowing the virus
envelope to fuse with the host cell membrane and start
replication in the cell.

NEW EMERGING VARIANTS OF SARS-COV-2
Viruses constantly change through mutation. Scientists
monitor changes in the virus by sequencing, trying to find

the new variants of concern. New variants can change

‘ DOI: https://doi.org/10.2298/SARH210206026)J

culating globally (Figure 5) [19]. This strain

has increased infectivity and transmission,

but without the effects on clinical illness or
effectiveness of commercial laboratory diagnostics tests.

The next new variant of SARS-CoV-2 identified in
North Jutland, Denmark, in August and September 2020
has been linked to infection among farmed mink. This
specific variant has a combination of mutations not pre-
viously observed. The impact of this mutant was that the
infected mink transferred the infection to 12 humans, but
it did not spread widely [20].

In the United Kingdom, a novel important variant has
been identified as SARS-CoV-2 VOC 202012/01 (Variant
of Concern, year 2020, month 12, variant 01) or 501Y.V1.
In November 2020, a rapid increase in COVID-19 cases
overall was associated with the emergence of this new
variant in south east, east regions of the UK and London.
Retrospectively, the first instance of VOC 202012/01 was
identified in a case from September 20, 2020 in the UK
[21]. This variant contains 23 nucleotide substitutions and
is not phylogenetically related to the SARS-CoV-2 virus
circulating in the United Kingdom at the time the variant
was detected [21].

The three mutations that have the largest potential bio-
logical effect of the UK variants are N501Y, spike deletion
69/70 del and P687H [21, 22]. The N501Y mutation leads
to an amino acid change from asparagine to tyrosine at
position 501. It is one of six key contact residues within
the RBD and has been identified with having increasing
binding affinity to human ACE-2 [23].

The 69/70 del mutation is a deletion of six bases in the
RNA, leading to the removal of two amino acids at position
69 and 70 of the spike protein. This spike deletion has been
described in the context of evasion of the human immune
response but has also occurred a number of times in as-
sociation with other RBD changes [22, 23].

The P681H mutation led to a change from proline to
histidine at position 681 [23]. This mutation is immedi-
ately adjacent to the furin cleavage site, a known location
of biological significance.

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):242-246
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Molecular virology, epidemiology, and phylogenetic
analyses suggest that SARS-CoV-2 VOC 202012/01 has
increased transmissibility. There is no evidence that this
variant leads to changes in disease severity measured by
length of hospitalization and 28-day case fatality, but the
analyses have not been completed as yet [23]. This deletion
was found to affect the performance of PCR assays with
the S gene target. The deletion has no significant impact
on the performance of antigen-based tests. Many countries
all over the world have been reporting the presence of the
British variant [22, 23].

A new variant rapidly spreading in South Africa named
501Y.V2 or the South Africa Variant was identified in
December 2020. In addition to N501Y mutation, the new
variant has another two mutations, K417N and E484K
[23]. The combination of these three mutations results in
the highest degree of conformation alteration of S RBD
bound to hACE-2 compared to either E484E or N501Z
alone. The 501Y.V2 has largely replaced other SARS-CoV-2
viruses circulating in the Eastern Cape, Western Cape, and
KwaZulu-Natal provinces.

Retrospective analysis of whole-genome sequences from
South Africa indicates that this variant emerged in early
August 2020 [24]. Preliminary studies suggest that this
variant is associated with a higher viral load, which may
suggest a potential for increased transmissibility but no
clear evidence of more severe outcomes of the disease [23,
24]. There is some evidence that one of the spike protein
mutations, E484K, may affect neutralization by some poly-
clonal and monoclonal antibodies [23, 24].

Finally, the National Institute of Infectious Diseases in
Japan, in January 2021, found a new variant with 17 unique
amino acid changes and three deletions in four travelers
from Brazil [23, 24]. This variant contains 17 unique amino
acid changes with 10 in its S protein, including the three

Srp Arh Celok Lek. 2021 Mar-Apr;149(3-4):242-246

mutations in the spike protein receptor-binding domain:
K417T, E484K, and N501Y. There is some evidence that
the mutations in this variant may affect its transmissibility
and antigenic profile, which may influence the ability of
antibodies generated through a previous natural infection
or through vaccination to recognize and neutralize the vi-
rus. A representation of mutations in current variants of
concern in parallel to one another is presented in Figure 6.

CONCLUSION

The SARS-CoV-2 genome has been fully sequenced. The
function of the viral genes and their role in the virus-
host interaction is elucidated. Scientists around the world
follow the accumulation of mutations occurring in the
pathogen’s genome, with particular focus on the S gene
coding for a protein important for the initial step in host
infection. The change in the RBD region of the mentioned
gene enabling infection of ACE-2-positive cells is espe-
cially significant. The longer the virus circulates within
the general population, as well as immunocompromised
persons, the number of mutations will increase and novel
pathogen variants will arise. Mutations responsible for the
faster transmission of SARS-CoV-2 have been identified in
the variants of concern, namely the British, South African,
and Brazilian variants. This highlights the importance of
further sequencing efforts from patient samples, which
aids in keeping track of viral characteristics linked to dis-
ease course and outcome, as well as in the application of
epidemiological measures centered on the prevention of
spread of variants of concern.

Conflict of interest: None declared.
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Hose BapujaHTe HOBOr KOPOHABMpPYCa — MUT U PeasHOCT

Tarba JoBaHoBwh, Mapko JaHkoBuh, AnekcaHapa KHexeuh

YHueep3uteT y beorpagy, MeanumnHcku QOakyntet, UHCTUTYT 33 MuKpobuonorujy n umyHonorwjy, beorpag, Cpbuja

CAMETAK

HoBun KopoHaBrpyc Npeckouno je 6apujepy BPCTe 1 JOBEO
[0 naHpemuje nHdexumje COVID-19. lyroTtpajHa uupKynauuja
BUpYca y nonynauuju omoryhuna je HactaHak 6pojHMX HOBUX
BapUjaHTV BUPYCa, 0 KOjUX Cy HeKe npeTehe 3a fasbe Wmpetbe
envgemuje. Og noce6Hor cy 3Hauaja OHe BapujaHTe KOA KOjuUX
je powwno go MyTauwja y OKBMPY reHa S, Moce6HO y pervioHy 3a
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Be3uBatbe BMpyca 3a peLientop hACE-2 (RBD). MyTauuje y oBom
reHy OAroBOpHe cy 3a noBehaHy TpaHCMUCH]y BUPYCa, TEXUHY
KJIMHWYKe CNVKe, NOY3AaHOCT AMjarHOCTNYKIX TECTOBA Kao 1
epuKacHocT BaKLMHaLuje. 3a EBpony Hajsehy npeThby TpeHyTHO
npeacTaB/ba 6puTaHcKm coj Bupyca SARS-CoV-2.

KmbyuHe peun: kopoHasupyc, COVID-19; BapwmjaHTa; SARS-
CoV-2; HoBu BUpyC
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SUMMARY

Sarcoidosis afflicts the central nervous system more frequently than previously believed. Neurological
symptoms are present in roughly one-half of patients, and depend on the location in the central nervous
system. The probability of spontaneous regression is significantly less when compared to other forms of
sarcoidosis, which means that the proper diagnosis and treatment is paramount. Even when properly
treated, functional defects are not uncommon. Majority of these patients require immunomodulating
drugs and continuous follow-up. New immunomodulating drugs, especially biological agents, have shown
to be significantly more effective, with fewer side effects, and are important when corticosteroids could
not be applied. Less invasive methods, such as cerebrospinal analysis, help greatly in the diagnostics
procedure, and require further research and improvement.

Keywords: sarcoidosis; neurosarcoidosis; cerebrospinal liquid; diagnostics; treatment

INTRODUCTION

Even though it has been over a century since
sarcoidosis was first discovered, it remains
a disease of unknown etiology and course.
Sarcoidosis is a systemic granulomatous dis-
ease which, most commonly, afflicts the lungs
and hilar lymph nodes. The lungs are afflicted
in 90-95% of all cases, and peripheral lymph
nodes in 50-70%. In patients with systemic
sarcoidosis, even though nervous system is
rarely afflicted (5-15%), in those cases it can
lead to serious complications and even death.
The exact percentage is difficult to determine
since there is a large number of subclinical
cases, which are discovered only on autopsies.
Neurological symptoms are present in roughly
one-half of the patients. The characteristics
vary greatly, depending on the distribution and
inflammation of certain parts of the nervous
system. The spontaneous regression of the dis-
ease is significantly less probable compared to
the acute form of sarcoidosis, so the neurologi-
cal symptoms are something that should always
be checked for and treated [1, 2, 3].

WHEN TO SUSPECT NEUROSARCOIDOSIS?

Sarcoidosis granuloma can be present in any
part of the nervous system, which leads to a
wide array of neurological symptoms. Possible
manifestations of neurosarcoidosis are as fol-
lows: affliction of the cranial nerves, small fiber

neuropathy, seizures, meningitis, lesions of the
cranial tissue, tumor-like symptoms, disfunc-
tion of the hypothalamus and the pituitary
gland, cerebellar ataxia, spinal cord lesions,
skeletal muscles diseases, and psychiatric dis-
orders.

The most common manifestation of neu-
rosarcoidosis, present in 50-75% of all cas-
es, is some form of cranial nerve disorder.
Depending on which and how many of the
cranial nerves are afflicted, the clinical presen-
tation varies. The disfunction of the nerve can
be caused by different pathological processes,
such as granulomatous infiltration of the nuclei
of the specific nerves, the increase of the intra-
cranial pressure or by meningitis (damaging the
subarachnoid part of the nerve). Sorting by the
frequency of affliction, the unilateral affliction
of the facial nerve is the most common presen-
tation, followed by n. opticus with scotoma [4,
5]. Approximately 15% of patients with neuro-
sarcoidosis have peripheral neuropathy, caused
by the damage of either the large or small neu-
ral fibers. If large neural fibers are damaged, the
patient will have mononeuritis, polyneuritis,
Landry or Guillain-Barré syndrome. However,
if small neural fibers are damaged, the patient
can have restless legs syndrome or other disor-
ders related to movement of the legs, as well as
the loss of sensibility for pain or temperature,
and autonomous disfunction [4]. Sudden onset
of seizures in patients with sarcoidosis calls for
a detailed examination of the central nervous
system, and these patients, unfortunately, have
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poorer outcome with a fulminant course of the disease.
Seizures, present in 5-10% of patients with neurosarcoid-
osis, show the severity, progression, and the relapses of the
disease. Meningeal affliction is, according to the literature,
a common location of neurosarcoidosis, and can be present
in up to 25% of all the patients. Symptoms are similar to
meningitis caused by other agents, and can include fever,
headache, and stiffness of the neck. Lymphocytic pleocy-
tosis can be found in cerebrospinal fluid (CSF), and the
biochemical analysis shows the elevated values of proteins.
Acute meningitis has a good response to corticosteroid
treatment, but the chronic form requires a prolonged pe-
riod of treatment and the outcome is difficult to predict.
Roughly 50% of the patients can develop some form of
brain lesions, such as encephalopathy, lesions of the gray
mass, or lesions of the hypothalamus. The main mecha-
nism of development of these lesions is the presence and
fusion of multiple granulomas in the brain. Tumor lesions
develop similarly; however, the fused granuloma are bigger,
and clinically simulate any other tumor mass in the central
nervous system [6]. Neurosarcoidosis has shown to have
an affinity for the base of the brain, and 10-15% of all the
patients develop neuro-endocrine symptoms due to the
lesions of the hypothalamus and the pituitary gland, most
commonly as a cause of infiltration in the third brain ven-
tricle. One of the most frequent manifestations are polyuria
with polydipsia, due to either diabetes insipidus or dys-
regulation of antidiuretic hormone. Hypovolemia, chronic
hyponatremia, and unregulated thirst can also be present.
Dysregulation of prolactin, with its elevation, can also be
found in these patients, and can lead to galactorrhea and
amenorrhea. Secondary hypogonadotropic amenorrhea
with normal levels of prolactin has also been noted [7].
Cerebellum is rarely afflicted with sarcoidosis and, when
afflicted, it is difficult to differentiate the symptoms from
the symptoms caused by the lesions of the spinal cord.
Spinal cord lesions are present in less than 10% of patients
with neurosarcoidosis. Depending on the location of the
granuloma (extradural, intradural, or intramedullary),
the clinical presentation varies. It should be noted that it
can be difficult to differentiate the granuloma from lep-
tomeningeal tumors or infections. Cervical and thoracic
parts of the spine are most commonly afflicted. The prog-
nosis is unfavorable, and the symptoms at the beginning
are muscular weakness and paresthesia. Skeletal muscles
are afflicted in 1.4-2.3% of all patients with neurosarcoid-
osis; however, up to 80% of these patients have no clinical
symptoms. The types of afflictions in these patients are
acute, nodular, and chronic myopathy, which is the most
common [8]. Up to 20% of patients with neurosarcoidosis
develop cognitive and behavioral symptoms. The cause
can be twofold - either by development of granuloma in
the gray matter, or by psychological stress caused by hav-
ing a chronic, relapsing, or progressive form of the dis-
ease. Psychiatric disorders present in these patients are
hallucinations, refractory psychosis, paranoid psychosis,
and delirium. Aphasia, amnesia, and dementia can also
be present. In some rare cases, schizophrenia, depression,
and bipolar disorders can develop [9].

‘ DOI: https://doi.org/10.2298/SARH200805012S
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HOW TO DIAGNOSE NEUROSARCOIDOSIS

The biopsy of the central nervous system is the most
precise, albeit not the most practical, way to definitively
confirm the diagnosis. Zajicek has given the diagnostic
criteria which are still being used [10]. The criteria are
based on the levels of security of diagnosis, and the catego-
ries include the clinical presentation of neurosarcoidosis
and exclude others. The criteria for definitive diagnosis:
a positive biopsy of the nervous system. The criteria for
possible neurosarcoidosis: clinical symptoms and diagnosis
pointing to neurosarcoidosis; however, infections or ma-
lignancies are not excluded and the patient has histological
conformation of sarcoidosis of other organ(s). The criteria
for probable neurosarcoidosis: clinical symptoms and di-
agnostical evaluation pointing to neurosarcoidosis. The
alternative diagnosis is excluded and there is a histological
conformation of systemic sarcoidosis [10, 11].

Nuclear magnetic resonance (MRI) is the preferable
method for radiological conformation of the disease. Any
patient with a suspicion for neurosarcoidosis is suggested
to perform the MRI scan of the endocranium. The normal
finding does not exclude the diagnosis, especially if the
patient is on corticosteroid treatment. Positron emission
tomography (PET) scan can also be performed, although
the interpretation is relatively difficult. Elevated metabo-
lism is attributed to the inflammation in sarcoidosis, and
the decreased metabolism is caused by the dysfunction of
the neurons. Despite the limitations, PET scan can detect
lesions in patients with no suspicion for neurosarcoidosis,
or can be used to check the treatment response [12, 13].

ANALYSIS OF THE CEREBROSPINAL FLUID

CSF analysis, which is considered a relatively noninva-
sive method, can provide a great deal of data to confirm
the diagnosis. Lymphocytic pleocytosis, elevated protein
levels, decreased levels of glucose, and elevated pressure
are nonspecific signs of neurosarcoidosis. Elevated im-
munoglobulins, lysosomes, and 3, microglobulin, as well
as the ratio of CD4+/CD8+ over 5 can also be found in
these patients. Elevated values of angiotensin converting
enzyme (ACE) is something that can lead to the diagnosis
of neurosarcoidosis. The publications so far have shown
that over 60% of patients with neurosarcoidosis have el-
evated levels of ACE. However, it is not enough for a de-
finitive diagnosis. Studies show that the chitotriosidase
can be used as a new biomarker [14, 15]. A publication
which analyzed the CSF in patients with neurosarcoidosis
and multiple sclerosis (MS) has shown that the elevated
values of IL-6 and CD4/CDS8 ratio were statistically more
significant in patients with neurosarcoidosis [16]. It was
interesting to find that IL-6 in CSF was higher in patients
with the active form of neurosarcoidosis compared with
those with the inactive form, and that the patients with
concentration of IL-6 above 50 pg/ml in CSF have shown
to have a higher probability of reactivation or progression
of the disease. The same publication has shown that the
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concentration of IL-10 can also be elevated in neurosar-
coidosis [16]. Another study tested the levels of IL-2 in CSF
as a diagnostic and biomarker of activity in neurosarcoid-
osis [17]. In this study, the CSF was taken from patients
with neurosarcoidosis, MS, neurotuberculosis, viral and
bacterial meningitis, cerebral lymphoma, Guillain-Barré
syndrome, and 115 patients with non-inflammatory neu-
rological diseases as a control group. IL-2 concentration
was related to the clinical activity of the disease, increased
uptake of gadolinium, and the number of leucocytes in pa-
tients with neurosarcoidosis. It was discovered that IL-2 is
elevated in patients with neurosarcoidosis; however, it was
not specific enough. IL-2 in CSF can be used in order to
differentiate between neurosarcoidosis and MS, and can be
used in order to determine the activity of the disease [17].

THE BEST TREATMENT?

Even though a great number of drugs have shown a posi-
tive response in treatment of neurosarcoidosis, cortico-
steroids, administered in a pulse dosage, still remain the
golden standard. If remission is not achieved, or the clini-
cal response on corticosteroids is not given, the applica-
tion of another immunomodulator is the next treatment
step — methotrexate, hydroxychloroquine, azathioprine,
or cyclophosphamide. In severe forms of neurosarcoid-
osis, which are resistant to any and all pharmacological
treatments, radio treatment, and even surgery, can be
performed. Since tumor necrosis factor (ITNF) is being
produced within granuloma, anti-TNF drugs can be used
in the treatment of sarcoidosis. The treatment with inflix-
imab and adalimumab have shown promising results, and
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there are studies which test other monoclonal antibodies.
However, there is still a great need for further clinical trials
and experience with these treatments [18, 19].

CONCLUSION

Neurosarcoidosis is an uncommon but significant clinical
manifestation of sarcoidosis. There is a significant varia-
tion in clinical presentation of this form of the disease,
depending on the location of the granuloma in the nervous
system. The probability of spontaneous resolution is less
than that in other forms of sarcoidosis, with functional
deficits remaining long after remission is achieved. Due to
previously noted characteristics, patients with neurosar-
coidosis require immunosuppressive treatment and long-
term follow-up. The variation in presentation, similarity to
other diseases, and complexity of treatment are key points
that require a multidisciplinary approach in diagnostics
and treatment of this disease.

The development of less invasive methods, such as the
analysis of CSEF, can provide a quicker and easier way to the
final diagnosis, and should be further developed.
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CAXETAK

Capkownpo3a 3axBaTa LieHTpasiH HepBu cucTem Yelwhe Hero
LUTO Ce paHuje cmaTpano. HeyponoLwkn cumntomu ce MaHude-
CTYjy KOf OTNPUVKe NOSIOBMHE OHUX Ca HEYPOCaPKONZ030M.
KnuHnuKe n CNMKOBHE KapaKTepucTuke Heypocapkongose
Bapupajy y BeSIMKOj Mepu, a Npe CBera 3aBrce of aHaTOMCKe
anctpubyumje 6onectn. Cama BepoBaTtHoha fja ce Heypocap-
KonAo3a CMOHTAHO NMOBYYe MHOTO je HUXKa HEKO KO aKyTHUX
dopmu capkorgo3e. 3aTo nocebHo Tpeba 06paTUTH NaxKkby Ha
HeypoJoLLKe CUMMNTOME 1 MO NOCTaB/batkby AMjarHo3e 6onect
ofMmax neunTun. BeposaTtHoha fja ce CNOHTaHO pa3peLun Huxa
je Hero Ko capkouao3e yonuwTe, a 3a0cTany GyHKLUMOHANHN
fedunuut Huje peTkocT. Ctora cy BehmHu bonecHuKa ca Heypo-

DOI: https://doi.org/10.2298/SARH200805012S

CapKoMA030M NOTPEOHM MMYHOCYNPecBHa Tepanija U KOHTH-
HyvpaHo npahetbe. MeByTim, Apyr MyHOCYMPECVBHY areHcK,
Kao 1 HOBWjI BUOMOLLIKM areHcy, nokasainu cy ce Kao edpriKacHa,
[06po noAHoOLWbMBA Tepanuja Koja je HapounTo 3HayvajHa y
CNlyyajeBMMa Kafj ce KOPTUKOCTEPOVAMN He MOTY MpUMeHBa-
TI. Pa3Bujarbe Mare NHBa3MBHMX METOA], Kao LUTO je aHanu3a
LiepebpocnuHanHe TeUHOCTY Kog 0605ennx of HeypocapKo-
1A03e, CBaKako je HeLUTO LITO YMHOFOME MOXKe OflaKLIaTh NnyT
KIMHUYapy A0 AvjarHose, 1 Tpeba fa npefctaB/iba NpeameT
[a/bUX NCTPAXKMBatba.

KrbyuHe peun: capkoufo3a; HeypocapKouao3a; IMKBOp; avjar-
HOCTVKa; fleyetbe
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Dear Editor,

Since the end of December 2019, the outbreak
of a novel viral disease was reported in the
city of Wuhan, China, which was caused by a
novel coronavirus, and was officially named
COVID-19 by the World Health Organization
(WHO) [1].

The virus COVID-19 is a highly transmit-
table and pathogenic viral infection caused by
severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2), which emerged in Wuhan,
China, and spread around the world. Genomic
analysis revealed that SARS-CoV-2 is phyloge-
netically related to severe acute respiratory syn-
drome-like (SARS-like) bat viruses, therefore
bats could be the possible primary reservoir.
The intermediate source of origin and transfer
to humans is unknown, however, the rapid hu-
man to human transmission has been widely
confirmed [2].

There is no clinically approved antiviral
drug or vaccine available to be used against
COVID-19. However, few broad-spectrum
antiviral drugs have been evaluated against
COVID-19 in clinical trials, resulted in clini-
cal recovery [3].

This disease will not only raise public health
concerns but also cause several forms of psy-
chological distress, including anxiety, fear, de-
pression, stigmatization, avoidance behaviors,
irritability, insomnia, and posttraumatic stress
disorder. In this situation, the maintenance of
the mental health of individuals is very impor-
tant because people in different parts of the
society may experience additional stressors
during the COVID-19 pandemic. Individuals
in different parts of a society may experience
the psychological symptoms to COVID-19 dur-
ing the rising phase of the outbreak, including
patients of COVID-19, quarantine individu-
als, health care workers, and family members
of medical staff, children, university students,
pregnant women, and families. In this regard,
there is strong evidence that the mental health
status of these populations is vulnerable to psy-
chological disorders [4].

In addition to public health problems
and the financial burden on the people and

governments, the coronavirus has forced gov-
ernments to cancel travel and trade between
countries and inflict heavy financial losses on
governments. Also, with the closing of these
industries, the staff of these centers face unem-
ployment and financial problems, which are a
psychological pressure and it puts a lot of stress
on the individual and his family, as well as the
community. Prolonged stay at home can also
lead to depression. Also, there is a lot of stress
among students due to the closure of educa-
tional centers [5].

From a psychological view, an experience
that people percieve under the headings of fear,
anxiety, and bad mood, we can consider it as
stress and anxiety. These conditions are espe-
cially difficult to tolerate for people with mood
and anxiety disorders. The following sugges-
tions can be more or less helpful in dealing with
this situation.

There are six skills that can help regulate the
mental state and reduce boredom, anxiety, pan-
ic, obsession, and other psychological problems
(critical thinking, use of perspective, precau-
tionary skills, self-regulation, balance skills, and
creativity skills) especially when coping with
COVID-19 psychological consequences.

Critical thinking skills are ways to prevent
disastrous COVID-19 effects for yourself and
others. Using this skill, we focus on facts, not
intimidating and false stories; those who think
critically can look at the issue from different an-
gles, and this can reduce their anxiety and fear.

Using perspective skills means having an
overall picture in mind, the prospect does
not mean that there is no need to worry, but
this skill helps us take a step back and seen if
something worse could happen to ourselves
and those around us.

Precautionary skills for psychological con-
frontation with COVID-19, in this way, help a
person prioritize caution and health standards,
staying calm and collected, distinguishing ra-
tional and expert solutions in daily life.

In self-regulation skills we follow health
regulations, create healthy habits, such as hand
washing, but also manage temptations, such as
traveling. We refrain from bad options, con-
sider the long-term, and prioritize health.
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Another method for psychological coping with
COVID-19 is balance skill. Although it is positive to stay
informed, receiving too much information can fatigue, in-
timidate, and overstimulate. It is better to follow the overall
news summary, and, in general, one has to dose receiving
information and news.

Utilizing creativity as the sixth skill can be helpful in the
crisis of the prevalence of COVID-19. If people are bored
with staying home, they can use creativity. Playing creative
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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
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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.

IUNTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU
PYKOIIICK TOIBPTaBajy ce MpoBepy Ha IIarujapusam/
ayromarujapusam npeko SClndeks Assistant — Cross
Check (iThenticate). PagoBu koj Kojux ce okaxe Ia-
rujapusaM/ayTonarujapusam 6uhe ogbujenn, a ayropu
CaHKIIMOHVICAaHIL.

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, uckycnuja, 3akmy-
vak, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, OfiroBapajyhu nognacnosy, 3akbydax, JIn-
TepaTypa. [IppouMeHOBaHM ayTOp NpernefHor pajia Mopa
Ta HaBefle Oap meT ayTomnuTara (Kao ayTop MM 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 ogpebena 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 CTaH#apHa
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 U IPYTVIM ITPUIIO-
3MMa JeluManHe 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, TeXKMHY U 3a1Ipe-
MVHY U3paXKaBaTy y MeTPUYKIM jeAMHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (), mirap — ) Wiy BUXOBYUM JIeJIO-
BuMa. Temrmeparypy uspaxasaru y cternennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPVMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHIIKNX M 6MOXeMMjCKIX
Mepera HaBOJUTHU Y MeTPUYKOM CUCTeMy mpema Meby-
HapoOIHOM crcTeMy 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 opmary 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-



YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

Kallyje M 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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INSTRUCTIONS FOR AUTHORS

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

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

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

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

the names of drugs. Devices (apparatuses, instruments)
are termed by trade names, while their name and place
of production should be indicated in the brackets. If a
letter-number combination is used, the number should be
precisely designated in superscript or subscript (i.e., 99Tk,
IL-6, 02, B12, CD8). If something is commonly written in
italics, such as genes (e.g. BRCAL1), it should be written in
this manner in the paper as well.

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

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

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

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

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

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



INSTRUCTIONS FOR AUTHORS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

GRAPHS. Graphs should be plotted in Excel in order to
see the respective values distributed in the cells. The same
graphs should be copied and pasted to the Word document,
numbered in Arabic numerals by order of citation in the text.
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