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1874,

The title page of the first journal volume in Latin

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

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

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

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

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

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

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

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

Cpncxu apXVB 3a IENIOKYITHO TeKapPCTBO je Yacomc CPIICKOT IeKapCKOoT
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SUMMARY

Introduction/Objective Molar incisor hypomineralization (MIH) is a developmental defect and it has
a multifactorial etiology; there could be variations in dental eruptions in the children with this condi-
tion.The aim of this study was the comparison of the clinical eruption status of the permanent teeth in
children with MIH and patients without MIH.

Methods The study group comprised a total of 300 children (176 females and 124 males aged 6-12
years) who had been diagnosed with MIH but had no systemic disease. The control group comprised
300 age- and sex-matched children without MIH. In the study and control groups, the eruption of the
permanent teeth (excluding third molars) was evaluated and compared. In addition, this comparison
was performed separately for the males and females in the study and control groups. The independent
samples t-test was used for statistical analysis.

Results No statistically significant difference was found between the mean age of the dental eruptions
of the children with MIH and that of the children without mineralization disorders (p > 0.05). Regarding
the mean age of the dental eruptions, the sex-matched comparison revealed no statistically significant
difference between the study and control groups (p > 0.05).

Conclusion Although there was no statistically significant difference in the MIH group and the healthy
control group regarding the mean age of the eruption of all teeth, a trend of accelerated dental develop-
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ment in the MIH group was observed.

Keywords: tooth eruption; molar incisor hypomineralization; developmental enamel defect

INTRODUCTION

Molar incisor hypomineralization (MIH) is de-
fined as the hypomineralization of one or more
permanent first molar. It is also sometimes asso-
ciated with affected incisors. It is a developmen-
tal enamel defect without a definite etiology or
general distribution. It is thought to be caused by
ameloblasts that have been affected by local and
systemic factors during the formation of enamel
[1]. Studies have reported on eruption disorders
in patients with developmental enamel defects
other than MIH [2, 3]. The eruption is a dynamic
process that begins at the initial positioning of
the tooth in the alveolar bone and continues until
the final positioning at which it is occluded by
a dental antagonist. This is an important part
of the developmental period [4]. MIH, which is
thought to occur in relation to factors encoun-
tered in the development process, appears to be
an important health problem. Because MIH is a
developmental defect and it has a multifactorial
etiology, there could be variations in dental erup-
tions in children with this condition. This study
was planned after the literature survey identified
the absence of evaluations of the effect of MIH
on the timing of clinical eruption.

The purpose of this study was the comparison
of the clinical eruption status of the permanent

teeth of children with MIH and the patients
without MIH. In addition, the timing of per-
manent tooth eruption in children with MIH
was investigated.

METHODS

The study was approved by the Clinical Research
Ethics Committee of Zonguldak Bulent Ecevit
University (Protocol No.: 2017-75-09/08). To
establish the study and control groups, 385 pa-
tients were examined and diagnosed with MIH.
They had all applied for dental examinations at
the Department of Pedodontics at Zonguldak
Biilent Ecevit University between August 2017
and August 2018. In addition to the dental evalu-
ation of all patients, medical anamneses were
also taken. The study excluded patients with
permanent teeth that were missing for reasons
other than the extraction of the permanent first
molars because of MIH (e.g., congenitally missing
teeth or trauma). Other exclusions were children
outside the age range of 6-12 years who exhibited
localized pathology and severe malocclusion (e.g.,
marked skeletal mismatch or obstructed teeth),
were already undergoing orthodontic treatment,
presented with any systemic disease, and exhibited
dental mineralization disorders other than MIH.
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The study group comprised a total of 300 children (176
females and 124 males aged 6-12 years) who had been di-
agnosed with MIH but had no systemic disease. The control
group comprised 300 age- and sex-matched healthy children
with no systemic disease or dental mineralization disorder.

Examination and assessment

In the present study, the permanent first molars and perma-
nent incisors of children aged 6-12 years were examined for
the presence of MIH. Halogen reflector lighting, a mirror,
and a probe were used in the dental unit in accordance with
the criteria established by Ghanim et al. [5]. The criteria
include the presence or absence of demarcated opacities,
destruction of enamel after eruption, atypical caries, and
MIH-induced tooth extractions. The examination for MIH
was conducted without drying the teeth. If necessary, cotton
pellets were used to remove any residue on the teeth. The
diagnosis of MIH was based on the detection of at least
one affected permanent first molar.

The patients with only affected incisors were not di-
agnosed with MIH because these defects can be caused
by local factors, such as trauma and caries [6, 7]. For the
patients who lacked the teeth under examination because of
extraction, the presence or absence of demarcated opacities
in the other teeth was ascertained. If the other teeth had
demarcated opacities, then the patient was considered to
be affected by MIH. In this study, amelogenesis imperfecta
(AI), dentinogenesis imperfecta, hypoplasia, diffuse opaci-
ties, white spot lesions, tetracycline-induced colorings, and
fluorosis were considered to be the differential diagnosis.

In the study and control groups, permanent tooth erup-
tion was evaluated in accordance with the criteria of Pahkala
etal. [8]. According to these criteria, the eruption of each
permanent tooth is evaluated on the basis of four codes:

Code 0: the tooth is not visible in the oral cavity;

Code 1: at least one tubercule of the tooth is visible in
the oral cavity;

Code 2: the entire occlusal surface or mesiodistal width
of the tooth is visible;

Code 3: the tooth is in occlusion.

In comparison of the eruption ages of the permanent
teeth of the children in the study and control groups, tooth
eruption was assumed to have occurred if any part of the
crown was visible on the oral mucosa (Codes 1, 2, and 3).
For each participant in the study and control groups, the
eruption ages of teeth 11, 12, 13, 14, 15, 16, 17, 21, 22, 23,
24,25, 26, 27, 31, 32, 33, 34, 35, 36, 37, 41, 42, 43, 44, 45,
46, and 47 were recorded. The mean age of dental erup-
tion in the children in the study group was compared with
that of the control group. In addition, this comparison was
performed separately for the males and females in the study
and control groups.

Statistical analysis
The data were analyzed with IBM SPSS Statistics for
Windows, Version 23.0 (IBM Corp., Armonk, NY, USA).

The independent samples t-test was used for the intergroup
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comparison of the ages. The results of the analysis of the
quantitative data are presented as the mean * standard
deviation. For the qualitative data, they are presented as
frequencies (percentages). The level of significance was
setas p < 0.05.

RESULTS
The distribution of the mean ages of the patients in the
study and control groups according to their sex is presented

in Table 1.

Table 1. Distribution of the mean age of the patients and control group
subjects in the study according to sex

Grou Females Males Total

P mean age + SD mean age + SD mean age + SD
MIH 8.97 £0.14 8.7+0.14 8.83+0.1
Control 8.99+0.14 8.96 +0.14 8.97 £0.1

MIH — molar incisor hypomineralization

Table 2. Mean age of permanent tooth eruption in patients and control
group subjects

Tooth MIH Control group Difference p
mean age £ SD | mean age £ SD | mean age + SD
1 9.15+0.1 9.36 0.1 -0.21+£0.14 | 0.138
12 9.8+0.1 9.89+0.11 -0.09+0.15 | 0.553
13 11.42+0.16 11.37+0.14 0.05+0.21 0.797
14 10.51+0.15 10.76 £0.14 -0.26 £0.21 0.233
15 11.01+0.16 11.23+0.14 -022+0.22 | 0314
16 8.98 0.1 9.02+0.1 -0.04+0.14 | 0.759
17 11.89+0.12 11.78 +£0.13 0.11+£0.18 0.541
21 9.11+0.1 9.35+0.1 -0.25+0.14 | 0.086
22 9.81+0.1 9.88+0.11 -0.07£0.15 | 0.621
23 11.62+0.11 11.41+0.12 0.21+0.16 0.195
24 10.56 +0.14 10.78 +0.12 -0.22+£0.19 | 0.245
25 11.13+0.13 11.26+0.14 -0.14+£0.19 | 0.480
26 8.96 £ 0.1 9.02+£0.1 -0.06 £0.14 | 0.652
27 11.89+0.13 11.62+0.12 0.27 £0.19 0.161
31 8.95+0.1 9.04£0.1 -0.09+£0.14 | 0.526
32 9.22+0.1 9.41+0.1 -0.19+£0.14 | 0.092
33 10.93+0.14 11.21+0.11 -0.28+0.18 | 0.123
34 10.82 +0.15 10.98 +0.13 -0.15+0.2 0.441
35 11.04 +0.15 11.23+0.14 -0.18 £0.21 0.377
36 8.94+0.1 9.02+0.1 -0.08+0.14 | 0.554
37 11.9+0.11 11.68+0.1 0.21+0.16 0.179
41 8.97 £0.1 9.05+0.1 -0.08£0.14 | 0.561
42 9.21+0.1 9.47 £0.1 -0.26 £0.15 | 0.075
43 10.83 +0.14 11.08+0.12 -0.26 £0.19 | 0.178
44 10.74 +£0.14 10.88+0.14 -0.14+0.2 0.475
45 11.22+0.14 11.19+0.14 0.02+0.2 0.905
46 8.93+0.1 9.02£0.1 -0.09+0.14 | 0.524
47 11.92+0.1 11.75+0.1 0.17 £0.15 0.243

MIH - molar incisor hypomineralization

The mean ages of the erupted permanent teeth (except
for the third permanent molar) of the children in the
study and control groups were compared. No statistically
significant difference was found between the mean age of
the dental eruptions of the children with MIH and that of
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Table 3. Mean age of permanent tooth eruption in females in the
patients and control group subjects

Tazegul F. S. et al.

Table 4. Mean age of permanent tooth eruption in males in the
patients and control group subjects

MIH - molar incisor hypomineralization

the children without mineralization disorders (p > 0.05;
Table 2). Regarding the mean age of the dental eruptions,
the sex-matched comparison revealed no statistically sig-
nificant difference between the study and control groups
(p > 0.05; Tables 3 and 4).

The data from these comparisons showed that the pa-
tients with MIH in the study group had a lower mean age
of dental eruption than those in the control group. The
statistically insignificant difference was p > 0.05.

DISCUSSION

It is important for dentists to understand the timing of the
clinical eruptions of permanent teeth because children’s den-
tal development is a progressive and changing process that
can be affected by a variety of factors [9, 10]. During mixed
dentition, permanent tooth eruption occurs in chrono-
logical order, thereby providing an occlusal connection. A
delayed, accelerated, or modified eruption sequence could
be associated with malocclusions [4]. Potential deviations
in the sequence or timing of the eruption may be related to
complications, such as malocclusion, crowding, impaired

‘ DOI: https://doi.org/10.2298/SARH210706087S

Tooth MIH Control group Difference o Tooth MIH Control group Difference p
mean age £ SD | mean age £ SD | mean age + SD mean age £ SD | mean age £ SD | mean age + SD
1 9.18+0.14 9.46 +0.14 -0.28+02 |0.150 11 9.09 +0.15 9.21+0.14 -0.12+£021 | 0.569
12 9.88+0.14 9.94+0.14 006+02 |0778 12 9.68+0.14 9.8+0.16 0124022 | 0571
13 11.44+022 11.29+0.17 0.15+027 | 0583 13 11.39+0.19 11.63+0.19 -024+028 | 0.400
14 10.48 +0.2 10.73+0.18 -0.25+0.27 0.344 14 10.58 £ 0.24 10.86 £0.24 -0.28 £ 0.35 0.432
15 11.01 +0.21 11.27 £0.15 -0.26+025 | 0307 15 11.01+0.26 11.09 + 034 -0.07+043 | 0.868
16 9.07+0.14 9.07 +0.14 0.01+02 |0978 16 8.85+0.14 8.95+0.14 -0.11+02 | 0603
17 11.8+0.17 11.68 +0.15 0.12+0.24 0.610 17 12.03+£0.12 1216 £0.14 -0.13+0.19 0.523
21 9.14+0.14 944 +0.14 -03+0.2 0.129 21 9.05+0.15 9.23+£0.14 -0.17 £0.21 0.399
22 9.86 +0.15 9.97 +0.14 011402 | 0574 22 9.73+0.14 9.73+0.16 0+£0.22 1.000
23 | 1165+013 | 1137+0.15 028+02 | 0.158 23 | 11544018 | 1152402 002£0.27 | 0956
24 | 1073+0.18 | 1089+0.14 | -0.16+0.23 |0.487 24 | 1026+022 | 10534024 | -027+032 | 0399
25 11.22+0.16 11.21+0.17 0.01+024 |0977 25 10.94+0.23 1143+£02 -05+032 | 0.136
26 | 9.04+0.14 9.06+0.14 -0.02+0.19 | 0.900 26 | 885+0.14 8.96+0.14 -0.12£02 | 0571
57 11814016 1154+ 015 027+023 | 0257 27 121240.15 11.88+0.18 025+025 |0.356
31 9.03+0.14 9.1+0.14 -0.06+0.19 | 0.746 31 8.84+0.14 8.96+0.14 012+£02 | 0542
32 9.25+0.14 9.62+0.14 -038+02 | 0.059 32 91+£0.15 9.33£0.15 0234021 0275
33 | 1092+0.17 | 11.18+0.14 | -026+022 |0242 33 | 1094£028 | 11274016 | -033+032 | 0302
34 10.95 +0.17 11.02+0.16 -0.07+023 |0.778 34 10.59 £0.26 10.88 +£0.25 -0.29+037 | 0429
35 11.26 £0.17 11.11+0.18 0.15+0.25 | 0.552 35 10.88 +0.28 10.86£0.16 -0.03+£037 | 0941
36 9.01+0.14 9.07 +0.14 -0.06+0.19 |0.752 36 8.85+0.14 8.96+0.14 -0.11+02 0577
37 11.83+0.13 11.64+0.12 0.19+0.19 | 0313 37 1212£0.15 11.83+£0.16 0.29+025 |0.262
41 9.07 +0.14 9.11+0.14 0.04+0.19 |0.837 41 883 +0.14 8.96+0.14 -0.13+02 | 0503
42 9.25+0.14 957 +0.14 -0.32+0.2 0.105 42 9.15+0.15 9.32+0.15 -0.17 £0.21 0.408
43 10.82+0.17 11.03+0.15 -0.21+023 |0.368 43 10.85 +0.25 11.23+0.19 -0.38+033 | 0.250
44 1087 £0.18 10.96 +0.17 0094025 |0.721 44 10.54+0.2 10.74+0.28 -0.19+034 | 0.566
45 11.37+0.16 11.31+0.15 0.06+022 | 0775 45 10.94 +0.24 10.9+0.34 0.04+041 | 0923
46 9+0.14 9.09+0.14 0.09+02 |0645 46 8.85+0.14 8.94+0.14 -0.09+02 | 0655
47 11.88+0.13 11.71+0.13 0.17 +0.19 0.377 47 12.03+0.12 11.86+0.16 0.18 £0.21 0.419

MIH - molar incisor hypomineralization

oral hygiene, and periodontal diseases that require dental
and orthodontic treatments [4, 11]. An understanding of
the normal eruption process and the possible concomitant
problems is important for the diagnosis and treatment plans
for eruption disorders. The dental eruption is a process that
can be affected by multiple factors; thus, deviations in the
timing of eruption could indicate underlying local disorders
or systemic diseases. Dentists should therefore consider
the timing of eruption when designing dental treatment
plans for children [9]. Knowledge about dental eruption
is also important for determining children’s growth and
developmental levels. Dentists often use this information in
the treatment of and surgical interventions in orthodontic
patients. This information can also be used in forensic
dentistry to predict a child’s chronological age [12].

The close relationships among the components of den-
tal germ development during odontogenesis have been
highlighted [4]. The disorders that might occur during
amelogenesis could affect dental development by causing
developmental disorders or abnormalities in the various
components of the developing teeth. For example, regional
odontodysplasia is a rarely seen non-hereditary develop-
mental anomaly that affects the dental ectodermal and
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mesodermal layers. The shapes of the affected teeth are
usually atypical, and the structures are hypoplastic and
hypocalcified. In addition, the teeth could exhibit delayed
eruption or impaction. It was reported that the eruption
disorders observed in such patients could be the result of
structural dental anomalies [13]. It is therefore conceivable
that a disorder occurring during enamel formation, which
is a part of dental development, could cause variations in
the eruption times of children with MIH. In addition, the
teeth affected by MIH are generally very sensitive and may
undergo rapid enamel loss. In some cases, tooth extraction
might be a preferred treatment option [14, 15]. Because
of the clinical and pathological effects of MIH, the precise
prediction of dental development and eruption is very
important for the design of an appropriate treatment plan.

In the evaluation of an eruption, the visibility of any part
of the dental crown in the oral mucosa is often used as a
clinical marker for eruption [16]. In most clinical evalua-
tions, tooth eruption is indicated if one of the tubercules or
the incisal edge is visible on the oral mucosa [17, 18, 19].
A study by Moslemi et al. [19] in Iran in 2013 compared
the timing of permanent tooth eruption in a patient group
comprising 207 individuals, 96 males and 111 females
aged 6-19 years, with cerebral palsy to that in an age- and
sex-matched healthy control group. If the clinical examina-
tion revealed that any part of the crown was visible in the
mouth, tooth eruption was assumed to have occurred. In
2017, Dashash and Al-Jazar [17] investigated the timing
of permanent tooth eruption in 1211 children aged 5-13
years in Syria. In accordance with the criteria established by
Pahkala et al. [8], they evaluated the eruption of permanent
teeth in four stages. Tooth eruption was assumed to have
occurred if any part of the tooth was visible on the oral
mucosa. In Uganda in 2013, Kutesa et al. [20] investigated
the correlation between the timing of permanent tooth
eruption and children’s heights and weights. The clinical
examination of permanent tooth eruptions was performed,
and the intraoral eruption stage of each permanent tooth
was evaluated in accordance with the four codes established
by the criteria of Pahkala et al. [8]. If any part of the dental
crown was visible on the intraoral mucosa, tooth eruption
was assumed to have occurred.

In the present study, the intraoral status of the teeth was
evaluated on the basis of the criteria of Pahkala et al. [8].
The comparison of the eruption times of the permanent
teeth of the children with MIH and the children who were
healthy was performed on the basis of the aforementioned
evaluation. There was no statistically significant difference
in the MIH and healthy control groups regarding the mean
age of the eruption of all teeth. However, most of the teeth
of the patients with MIH were found to have erupted earlier
than those of the control group. Tung et al. [21] compared
the development of the permanent teeth of 105 children
aged 7-11 years with a diagnosis of severe MIH to that of
an age- and sex-matched healthy control group. Dental
development was evaluated through panoramic radiographs
in accordance with the dental age estimation method of
Demirjian et al. [22]. As was found in the present study,
there was no statistically significant difference in dental
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development between the MIH group and the sex-matched
healthy control group. The absence of a difference in dental
development in the patients with MIH suggests that there
may not be a difference in the eruption status. Thus, the
present study supports previous findings. As is the case in
the present study, Tung et al. [21] did not find a statistically
significant difference between the groups; however, they
reported a trend of accelerated dental development in the
males and females in the MIH group.

Seow [23] evaluated the correlation between Al a de-
velopmental anomaly associated with eruption disorders,
and permanent tooth development. The study comprised
23 patients (10 males and 13 females under the age of 16
years) diagnosed with AI and a control group of healthy
age- and sex-matched individuals. The study reported that
the Al cases exhibited faster dental development than the
healthy individuals. The mean increase in the duration of
dental development was approximately one year. Similar
results were obtained for all the affected patients regardless
of the type of Al. Vuorimies et al. [24] compared the timing
of permanent tooth eruption in children diagnosed with
osteogenesis imperfecta (OI), a disease associated with min-
eralization disorders, with that in the age- and sex-matched
healthy control group. The patients with OI had a greater
number of erupted teeth, faster eruption of the permanent
teeth, and a more advanced dental age than the healthy
controls. This was especially the case for the patients with
OI type 1, which occurs concurrently with dentinogenesis
imperfecta. Another study that evaluated the incidence
of craniofacial and dental anomalies in children with OI
reported a delay in the dental development of 21 percent
of patients with OI type 3; however, 23 percent of patients
with OI type 4 exhibited faster dental development [25].

In the present study, the trend in favor of an earlier
eruption in children with MIH, albeit not statistically sig-
nificant, can be attributed to the effects of the irregularity in
enamel formation during the dental development process.
A factor affecting the maturation phase of the enamel has
been considered to be involved in the formation of MIH
[15]. The enamel maturation stage is a slow progression
throughout two-thirds of the entire enamel formation
period [26]. An irregularity at this stage could affect dental
development and thus eruption time. There was no statisti-
cally significant difference between the eruption times of
the MIH and control groups. In addition, a comparative
analysis of the results could not be performed because the
literature review did not reveal any studies that had evalu-
ated the eruption times of patients with MIH.

In most evaluations of eruption times, permanent tooth
eruption was found to occur earlier in females than in
males [8, 27]. Moslemi [18], who investigated the timing
of permanent tooth eruption in 3744 children aged 4-15
years, found that the mean age of eruption was lower in
females than in males. In Lithuania, Almonaitiene et al.
[28] examined the timing of permanent tooth eruption in
3596 children aged 4-16 years. Eruption was found to have
occurred significantly earlier in females than in males. The
range was 1-10 months depending on the type of tooth.
A similar study concluded that permanent tooth eruption

www.srpskiarhiv.rs ‘

515



516

occurred earlier in females than in males. The eruption
times ranged 4-6 months depending on the type of tooth
[16]. A study of 1491 children (773 females and 718 males
aged 5-15 years) by Bayrak et al. [29] in Turkey reported
that the permanent teeth of females tended to erupt earlier
than those of males. The reason has not yet been eluci-
dated. However, the sex-related differences in the physical
developmental stages and the earlier physical development
and maturation of females are thought to contribute to the
earlier occurrence of permanent dentition in females [30].

Given these differences, a sex-matched evaluation of
the groups was performed. This obviated the confounding
factor of sex in the comparisons of the timing of permanent
tooth eruption in the MIH and healthy patients. The re-
sults for the two sex-matched groups were not statistically
significant. The mean age of the eruption of a majority of
the teeth was lower in the MIH group.

CONCLUSION

MIH, an important clinical problem with a recently increased
incidence, is an issue that concerns not only dentists but all
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healthcare professionals. Because of the rapid and severe
destruction of teeth affected by MIH, the treatment approach
should be multidisciplinary. An accurate understanding of
dental development and eruption times is important for
predicting possible anomalies and applying appropriate
treatment. In addition, eruption time in children is an
important issue for both forensic medicine and medical
doctors who follow the general health of the child. The
review of the literature indicated a lack of studies on the
clinical importance of MIH, which is currently a common
disease, the eruption process, which is the most important
part of dental development, and the time of the eruption in
patients with MIH. Therefore, there is a need for further
large-scale studies to evaluate the eruption times of various
types of populations.
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Bpeme HULakba CTaNHUX 3y6a Kog, AeLe ca MONAPHO-UHLM3UBHOM

XMNOMUHEpPaNn3aLmnjom

OynpeH Cenjypt Taseryn', E6py Xa3ap bogpymny?, JleseHT lemnpus?

'CromaTonoLLKa KnuHuKa y bejnukaysyy, Operbere negujatpujcke ctomatonoruje, VictaHbyn, Typcka;
2YHnBep3uTeT y 3oHrynaaky,byneHt Eyesut’, Cromatonowku dakynter, Kateapa negujatpujcke ctomatonoruje, 3oHrynaak, Typcka;
3CTomatonoLuKa KniHnka 3oHryngaka, Ogersere negujatpujcke cromatonoruje, 3oHryngak, Typcka

CAXETAK

YBoa/Lunb MonapHo-nHUM3rBHa XnommHepanusauuja (MAX)
pa3BojHu je aedeKT rnehn ca MynTMdakToprjanHoOM eT1oso-
rMjom, a Ko AeLie ca OBUM CTatbeM MOry NoCTojaTi pasfinke y
BPEMEHY HuLiakba 3y6a.

Linmb oBor nctpakusatrba 610 je aa ce ynopenun KINvHUYKM
CTaTyC BpPeMeHa Hulama cTanHux 3yba ko aeue ca MUX-om
y ofHOCY Ha pely 6e3 MUX-a.

Metoge Cryaujcky rpyny umHuno je ykynHo 300 geue (176
nesojumua n 124 peyaka y3pacta 6-12 roguHa) Kojuma je
aunjarHocTmkoBaH MUX, anv HUCY Manu cnctemcky 6orecr.
KoHTponHy rpyny unHuno je 300 3apaBe AeLie NogyAapHe CTa-
pocTv 1 nona. Y CTYANjCKOj 1 KOHTPOMHOj rpy My NPOLIEHEHO je
1 ynopeheHo Bpeme HLaka CTanHux 3y6a (Mckibyuyjyhn Tpehe
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Monape), nocebHo 3a AeBojunLie U Aeyake. 3a CTaTUCTUNYKY aHa-
nr3y KopuwheH je t-TeCT He3aBUCHUX y30pakKa.

Pe3yntatu Huje yTBpheHa ctatncTnykm 3HavajHa pasnmka us-
Mehy cpeare BpeAHOCTY BpeMeHa HuLatba 3yba Kog felle ca
MWX-om 1 geue 6e3 nopemehaja muHepanusaumje (p > 0,05).
Mopeherem no nosny, HWje OTKPMBEHA CTAaTUCTUYKM 3HAYajHa
pasnukay cpefitboj Bpe[HOCTN BPeMeHa Hulatba 3y6a nsmehy
WCNUTVBAHE U KOHTpOosHe rpyne (p > 0,05).

3aK/byyak Mako Huje ycTaHOB/beHa CTaTUCTUYKIM 3HaYajHa pa-
3/IMKa Y CPeAH0j BPeAHOCTY Y BPEMeEHY HuiLatba CTasiHUX 3y6a
Kog peue ca MUX-om 1 KOHTPOJHe rpyne, MpUMEeTaH je 6pxu
TpeHp pa3Boja 3yba kog geue ca MUX-om.

KmbyuHe peun: epynuuja 3y6a; MonapHO-MHLM3MBHA XV MOMI-
Hepanu3aumja; pa3BojHu fgedekT rnehu
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Bojan Mihajlovi¢'? Aleksandar Redzek'?, Lazar Velicki'? Milana Jarakovi¢'?, Dragi¢ Bankovic?,
Bogoljub Mihajlovi¢’
'University of Novi Sad, Faculty of Medicine, Novi Sad, Serbia;

Znstitute of Cardiovascular Diseases of Vojvodina, Sremska Kamenica, Serbia;
3University of Kragujevac, Faculty of Science, Kragujevac, Serbia

SUMMARY

Introduction/Objective The risk factors in coronary patients indicated for surgery change during the
years. The aim of this study was to analyze the trends of risk factors which enter into the composition of
the European System for Cardiac Operative Risk Evaluation (EuroSCORE Il).

Methods The research included 3996 patients who underwent coronary surgery from January 2012
to December 2020 at our clinic. For estimation of the risk factors and evaluation of the operative risk,
the EuroSCORE Il model was used. Kruskal-Wallis H test was used for testing differences of values of
numerical variables between years. The calibration and the discriminative power of the EuroSCORE II
were assessed by comparing the observed to the expected mortality ratio and by using area under the
receiver operating characteristic curve (AUC).

Results Old age has shown a significant increasing trend (p < 0.0005), as well as diabetes mellitus on
insulin therapy, before surgery (p = 0.004). The significant declining trend have shown: extracardiac
arteriopathy (p = 0.003), critical preoperative condition (p = 0.013), preoperative NYHA Classes Il or IV
(p < 0.0005) and preoperative angina pectoris CCS Class IV (p < 0.0005). The mean value of the EuroSCORE
Il decreased from 1.73 to 1.53 (p < 0.0005). The observed mortality was 1.70% and the mean, predicted
by the EuroSCORE Il, was 1.75%. The O/E mortality ratio was 0.98; 95% confidence interval 0.95-1.03.
The AUC was 0.825.

Conclusion Over the past decade the risk profile of patients for coronary surgery has changed. The
mean value of the EuroSCORE Il has a declining trend with a good predictive and discriminative power.
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INTRODUCTION

Risk stratification involves preoperative deter-
mination of operative risk based on number and
severity of patients’ risk factors. The essence
of the model for outcome prediction and risk
stratification in cardiac surgery is to single out
risk factors that are important in relation to the
outcome. A good calibration of the model exists
if the difference between the expected outcome
and the observed outcome is small, ideally zero.
The discriminative power of the model is the
ability to distinguish between low and high-risk
groups in relation to the outcome.

European System for Cardiac Operative Risk
Evaluation (EuroSCORE) was developed in the
period 1995-1999 [1]. The model was initially
additive [1].

In 2003, a logistics model was developed
that proved to be better, especially in groups
of patients with increased operative risk [2].

The application of EuroSCORE on other
continents showed some differences in the risk
profile of coronary patients indicated for surgical
treatment. In Australia, the incidence of female
sex, chronic obstructive pulmonary disease, ex-
tracardiac arteriopathy, reoperation, and emer-
gency surgery was higher than in the European

population [3]. In China, there were more pa-
tients with neurological deficits, while old age,
chronic obstructive pulmonary disease, extracar-
diac arteriopathy, renal failure, unstable angina
pectoris, recent myocardial infarction and left
ventricular dysfunction were less common [4].

We analyzed the trends of all relevant risk fac-
tors of the additive EuroSCORE, from 2001 to
the end of 2008. During the observed years, old
age, extracardiac arteriopathy, recent myocar-
dial infarction and emergency operation as risk
factors significantly changed with an increasing
trend, while chronic lung disease, neurological
dysfunction and unstable pectoral angina had
a decreasing trend [5]. The risk for isolated
coronary artery bypass graft surgery (CABG)
given by additive EuroSCORE increaseed over
the years, but operative mortality decreased [6].

The EuroSCORE II, with new relevant risk
factors, was defined and introduced into rou-
tine use in 2012. The initial results have shown
better prediction than its original version. In
our first study, from the beginning of 2012, the
EuroSCORE II satisfactorily predicted hospital
mortality and had solid discriminative power
[7]. Recent results showed that the EuroSCORE
II produces a valid risk prediction and outper-
forms the earlier models [8].
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The last two decades have seen a change in the risk
profile of patient indicated for coronary surgery due to an
increased number of percutaneous coronary interventions
(PCI) with the implementation of various types of stents.

The aim of this study was to analyze the trends of risk
factors in patients indicated for coronary surgery which
make up the EuroSCORE II and to assess the predictive
and discriminative power of the model.

METHODS

The research included 3996 consecutive patients who
underwent isolated coronary surgery at Institute of
Cardiovascular Diseases of Vojvodina, from January
2012 to December 2020 and was approved by the Ethics
Committee of Institute of Cardiovascular Diseases
of Vojvodina (No.: 1515-1/3). For each patient the
EuroSCORE II was calculated prospectively, using the
formulas available at the EuroSCORE website (www.eu-
roscore.org). The postoperative mortality was considered
as death from any cause within 30 days of the operation.
Data were collected prospectively and analyzed retrospec-
tively. Statistical analysis was performed using the IBM
SPSS Statistics, Version 19.0 (IBM Corp., Armonk, NY,
USA). The Kruskal-Wallis H test was used for testing dif-
ferences of values of numerical variables between years.
Relation between qualitative data was tested using the x*
test. Spearman’s test was used to determine the strength
and direction of association between two numerical vari-
ables. The calibration of the EuroSCORE II was assessed

by comparing observed (O) to expected (E) postoperative
mortality ratio and by Hosmer-Lemeshow (H-L) test. The
discriminative power of the EuroSCORE II was examined
using area under the receiver operating characteristic curve
(AUC), where cut-oft, sensitivity, and specificity were de-
termined. The differences were considered significant if
p < 0.05.

RESULTS

Total number of coronary patients operated in the period
from 2012 until 2020 was 3996. During that time, it has
come to significant changes in the frequency of some risk
factors (Figures 1-6). Table 1 shows all the changes in the
frequency of risk factors related to the patients who were
operated on.

The average age of coronary patients who were operated
on was 64.4 + 1.17 (35-88) years. Over time, the patients
get older. The observed years and the age of the patients
were positively correlated (r = 0.860, p = 0.003), with an
increasing trend (Figure 1).

There were 24.4% female patients. The frequency of
female sex through the observed period was similar. The
frequency of risk factors related to impaired kidney func-
tion, expressed by creatinine clearance < 85 ml/min, was
32.7%. It was significantly different through the observed
period (p < 0.0005), but no trend was observed.

The observed years and frequency of extracardiac ar-
teriopathy were related (p = 0.003). The years and aver-
age percentages of extracardiac arteriopathy in those years

Table 1. Risk factors from European System for Cardiac Operative Risk Evaluation (EuroSCORE) Il in relation to time, significance, and trends

Risk factors Total 2012 2013 2014 2015 2016 2017 2018 2019 2020 p Trend
Age (years) (36;‘;‘8) 62.83 | 6239 | 6499 | 6422 | 6421 | 6467 | 6478 | 6572 | 6582 |<o00005 | T
Female sex (%) 244 25.2 26.3 316 22.1 253 21.7 23.7 25.2 229 0.177 -
CC<85ml/min (%) | 327 15 204 27.6 49.9 60.2 36.7 256 29.1 194 | <00005| -
Extracardiac 15.3 19 209 116 15.5 15.7 14.1 13.2 122 146 | 0.003 1
arteriopathy (%)

Poor mobility (%) 42 49 34 44 43 35 38 52 33 44 0.796 -
Previous cardiac 1.8 15 14 2.7 14 22 20 17 6 35 0.170 -
surgery (%)

Chronic lung 7.1 85 6.7 5.8 8.0 5.1 7.2 7.7 7.1 6.7 0.597 -
disease (%)

Critical

preoperative state 1.7 23 2 3.1 1.2 25 2.8 1.2 0.4 0.3 0.013 3
(%)

('?,/'O"’)‘bews oninsulin | 45 102 137 11.1 11.2 1.4 135 153 124 19.7 0.004 1
NYHA III, IV (%) 169 277 324 258 133 13.1 104 9.1 12.8 181 | <00005 | 4
AP-CCSClass IV (%) | 6.6 9.1 78 8.4 6.7 139 98 1.9 1 03 |<00005| {
LVEF < 50% (%) 36.3 323 36.6 338 38 353 414 332 384 384 | 0064 -
Recent myocardial | ;4 27.1 263 21.8 266 296 259 265 19.5 286 0.022 -
infarction (%)

Pulmonary 226 186 | 1963 | 169 276 306 27.1 189 203 194 |<00005 | -
hypertension (%)

(Li/:)?e“t operation 47 6.1 5 93 27 35 56 34 53 38 0.003 ;

CC - creatinine clearance; NYHA - New York Heart Association; AP-CCS - Canadian Cardiovascular Society grading of angina pectoris; LVEF - left ventricular

ejection fraction
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Figure 1. Trend of the mean age 2012-2020
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Figure 3. Average percentages of critical preoperative condition of
patients 2012-2020

were not correlated (r = -0.625, p = 0.072). This is close
to statistical significance, which supports a negative cor-
relation (Figure 2).

From 2012 until 2020 the percentage of patients with
poor mobility or neurological deficit who were operated
on was 4.2% and was similar during the observed period.
It was the same with previous cardiac surgery and chronic
lung disease, as risk factors.

The observed years and frequency of critical preopera-
tive condition of patients were related (p = 0.013). The
years and average percentages of critical preoperative
condition were correlated (r = -0.669, p = 0.049), with a
decreasing trend (Figure 3).

The percentage of patients who had diabetes mellitus
on insulin therapy was 13%. The observed years and fre-
quency of these patients were related (p = 0.040). The years
and average percentages of patients who had diabetes on

‘ DOI: https://doi.org/10.2298/SARH220212086M
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Figure 4. Percentage of patients with diabetes mellitus on insulin
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Figure 5. Frequency of patients in New York Heart Association (NYHA)
Classes Ill or IV 2012-2020
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Figure 6. Average percentages of patients with angina pectoris
Canadian Cardiovascular Society Class IV 2012-2020

insulin therapy were correlated (r = 0.700, p = 0.036), with
an increasing trend (Figure 4).

The observed years and frequency of patients in New
York Heart Association (NYHA) Classes III or IV were
related (p < 0.0005). The years and average percentages
of patients in NYHA Classes III or IV were correlated
(r=-0.720, p = 0.029), with a decreasing trend (Figure 5).

The observed years and the frequency of patients
with angina pectoris Class IV, according to the Canadian
Cardiovascular Society (CCS) were related (p < 0.0005).
The total percentage of operated coronary patients with
angina pectoris CCS Class IV was 6.6%. The years and
average percentages of patients with angina pectoris
CCS Class IV were close to statistical significance with

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10):518-524
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Table 2. Predictive power of the European System for Cardiac Operative Risk

Evaluation (EuroSCORE) Il in coronary surgery

was 1.7%. The difference was not statistically
significant (p = 0.132). The predictive power

Number | EUrOSCORE | o cerved | O/E mortality | H-L test of the EuroSCORE II in coronary surgery is

of patients IFexpected mortality % | ratio (95% Cl) | p-value h in Table 2

mortality (%) shown in Table 2.
Coronary 3996 175 . 098(095- | _ oo The EuroSCORE II showed a very good dis-
surgery ) ) 1.03) ' criminative power in the period of nine years

O - observed; E - expected: Cl - confidence interval; H-L - Hosmer-Lemeshow
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Figure 7. Trend of the mean value of the European System for Cardiac
Operative Risk Evaluation (EuroSCORE) I 2012-2020
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Figure 8. Discriminative power of the European System for Cardiac
Operative Risk Evaluation (EuroSCORE) II;
ROC - receiver operating characteristic

a decreasing trend (Figure 6), but were not correlated
(r=-0.653, p = 0.056).

The percentage of patients with left ventricular ejec-
tion fraction < 50% did not change significantly during
the observed period (p = 0.064). The highest percentage
was registered in 2017 (41.4%), 2019 (38.4%), and 2020
(38.4%). The percentage of coronary patients who had a
recent myocardial infarction, pulmonary hypertension,
or undergone emergency surgery and were operated on
changed significantly (p = 0.022; p = 0.0005; p = 0.003;
respectively), but without trends during the observed years.

The mean value of the EuroSCORE II and years were
in negative correlation (r = 0.695, p = 0.038). The mean
value of the EuroSCORE II decreased from 1.73 in year
2012 to 1.53 in 2020 (p < 0.0005). Trend of the mean value
of the EuroSCORE II from 2012 to 2020 is shown in Table
2 and Figure 7.

The mean value of the EuroSCORE II for all 3996
coronary patients was 1.75, while the observed mortality

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10):518-524

(AUC curve = 0.799, p < 0.0005). The cut-off
value was 2.05, sensitivity 0.754, and specificity
0.797 (Figure 8).

DISCUSSION

The aim of this retrospective single centre study was
to analyze the trends of risk factors that are part of the
EuroSCORE II in patients indicated for coronary surgery
and to assess the predictive and discriminative power of
the model.

Two risk factors, old age and diabetes mellitus on insu-
lin therapy before surgery, in the observed group showed
a significant trend of increase during the observed period.

Four risk factors — extracardiac arteriopathy, critical
preoperative condition, preoperative NYHA Classes III
or IV, and preoperative angina pectoris CCS Class IV -
showed a significant declining trend. The frequency of
other risk factors during the last decade was similar, with
no trends.

Mean value of the EuroSCORE II decreased from 1.73
in year 2012 to 1.53 in 2020 and the trend was declining.
The predictive power was good and the discriminative
power was very good.

The epidemiology of ischemic heart disease and comor-
bidities may be geographically different due to population
differences, but also differences in prevention, diagnosis
and therapy [9, 10, 11]. One of the first analysis of more
than 11,700 coronary patients who were operated on, from
six European countries, showed that the mean age was
the lowest in the UK and the highest in France. Chronic
lung disease was most common in Germany and Spain and
the rarest in Finland and Italy. Chronic renal insufficiency
was registered in 12.2% of patients in the UK, in 10.6%
of patients in Spain, and in 3.4% of patients in Finland.
Emergency myocardial revascularization was indicated
in 2% of patients in Spain, in 3.9% in the UK, in 4% in
Finland, in 4.3% in France, in 4.5% in Germany, and in
4.6% in Italy [12]. Nawata et al. [13] have compared Asian
patients undergoing isolated CABG surgery between 2013
and 2016 in Japan and the United States. The patients in
Japan were older (69 vs. 65 years) with a smaller body
surface area (1.65 m? vs. 1.81 m?) and body mass index
(24 kg/m? vs. 26 kg/m?). The prevalence of chronic lung
disease (82% vs. 86%), and diabetes mellitus (54% vs. 60%)
were similar.

The risk factors, as well as the overall level of expected
operational risk, are not constant, unchanging values. They
can change over time, even in the same population. In
our earlier study, in the period 2001-2008, old age, ex-
tracardiac arteriopathy, recent myocardial infarction and
emergency operation, as risk factors, significantly changed
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with an increasing trend, while chronic lung disease, neu-
rological dysfunction, and unstable pectoral angina had
declining trend [6].

In the last decade only old age and the frequency of
patients with diabetes on insulin therapy before surgery
had an increasing trend. According to our findings, the
mean age increased from 62.8 years in 2012 to 65.8 years
in 2020, with a significant increasing trend. The number of
PCI in our institution has rapidly increased, from 1946 in
2010 to 2777 in 2019. It is completely understandable that,
with good prevention, improvements in medical therapy,
and widespread use of PCI, coronary patients are com-
ing to surgery older. Kindo et al. [14] have analyzed risk
factors in two groups of patients, based on the years in
which the operation was performed: Group A (2000-2003;
898 patients) and Group B (2009-2012; 1249 patients).
They registered a significant increase in the prevalence
of patients over 80 years of age (Group A = 4.3%; Group
B = 6.8%; p = 0.016) and a significant increase of diabetes
mellitus (p < 0.0001) over the years.

The prevalence of patients who were on insulin therapy
before surgery in our study was 13%, for the whole ob-
served period. The frequency has increased during the
last nine years, from 10.2 % in 2012 to 19.7% in 2020. This
is consistent with the data from the literature and may be
explained by the fact that the onset of diabetes occurs in
old age and may require several years to become clinically
evident [9, 15].

In a recent study by Sharma et al. [16] the mean age of
patients was found to be 58.87 years. The major comor-
bidities were hypertension in 88%, dyslipidemia in 69%,
and type 2 diabetes mellitus in 51% of the patients [16].

Ziv-Baran et al. [17] compared changes in coronary
patients’ characteristics and outcomes during the first 15
years of the millennium. The period was divided into two
sub-periods (2000-2008 and 2009-2014). Diabetes was
more common in the later period (p < 001), while pe-
ripheral vascular disease and left main disease were more
common in the earlier period [17].

The authors from Iran compared the risk factors of pa-
tients undergoing CABG surgery in 2010 and 2016. The
frequency of diabetes mellitus increased in the second
period (51.8% vs. 43.6%, p = 0.025), but the average age
of patients significantly decreased (from 62.49 * 8.05 to
58.09 +9.2) over time [18].

In a retrospective study Wang et al. [19] concluded that
the diabetic patients had higher incidence of major adverse
cerebral and cardiovascular events and mortality, after
coronary surgery, compared with non-diabetic patients.

According to our results, the prevalence of coronary
patients, who has extracardiac arteriopathy, for the whole
observed period, was 15,3% and has a declining trend.
The same trend was observed in the frequency of critical
preoperative condition (the prevalence 1.7%), preopera-
tive NYHA Classes III or IV (the prevalence 16.9%) and
preoperative angina pectoris CCS Class IV (the prevalence
6.6%). Siregar et al. [20] presented the prevalence of the
risk factors in 16 cardiothoracic centers in 46,883 con-
secutive cardiac surgery interventions in the Netherlands

‘ Ball: https://doi.org/10.2298/SARH220212086M
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2007-2009. The prevalences of the risk factors were as fol-
lows: extracardiac arteriopathy 12.2% (varied 9-16.5%),
critical preoperative condition 4.7% (varied 2.2-8.7%),
unstable angina pectoris 6.2% (varied 2.2-13.8%). Our de-
clining trend of frequency of preoperative angina pectoris
CCS Class IV could be explained by the fact that the ma-
jority of patients with this risk factor were referred to PCls.

In a paper by Dinh et al. [21] from Australia, based on
the research of 9372 patients in the 2001-2006 period, a
considerable decline in the percentage of re-operations
was registered (from 4.4% to 2.65%). It was explained by
the improvement of the medical therapy and the increase
of the number of PClIs.

According to Saeed et al. [22], South Asian and Middle-
Eastern populations living in the West had significantly
higher risk of diabetes and cardiovascular disease com-
pared with native white Europeans. Effective and timely
lifestyle intervention, education, physical activity, and diet
can reduce the risk of diabetes.

Kindo et al. [14] found that the prevalence of extracar-
diac arteriopathy has significantly decreased regarding the
two observed periods (group A = 19%; group B = 22.8%;
p = 0.035), as well as prevalence of preoperative angina
pectoris CCS Class IV (group A = 25.9%; group B = 9.7%;
p < 0.0001). Contrary to our results, they showed a sig-
nificant increase in the prevalence of preoperative NYHA
Classes III or IV (group A = 8.6%; group B = 15.2%;
p < 0.0001). The prevalence of recent myocardial infarc-
tion has significantly decreased (from 11.4% to 8.3%;
p =0.019), as well as the prevalence of reoperations (from
4.2% to 2.3%; p = 0.012) and ejection fraction under 50%
(from 32.4% to 27.4%; p = 0.005). The four risk factors
that have not changed significantly over time are female
patients, chronic obstructive pulmonary disease, severe
kidney failure, and urgent surgery.

In our earlier report the additive EuroSCORE has in-
creased over the years and has overestimated mortality
[6]. In this study, the declining trend of the EuroSCORE II
was found, but the model proved to be a good predictor of
mortality. Recent studies showed that the EuroSCORE 1II
produces a valid risk prediction and outperforms the earli-
er additive and logistic models. Koszta et al. [23] concluded
that the EuroSCORE II predicted better, compared to the
initial models (O/E ratio: 0.75; the H-L test, p = 0.5789).
Paparella et al. [24] presented an external validation of
the EuroSCORE 11, based on the results of 6293 coronary
patients who were operated on. The discriminative power
of EuroSCORE II was excellent (AUC 0.830) and the model
proved to be a good predictor of hospital mortality.

In 2019, Nezi¢ et al. [25] confirmed a good calibration
of the EuroSCORE II in coronary surgery and an excel-
lent discriminative power (AUC = 0.84). Recent studies,
from different countries, are also in accordance with our
results [26, 27, 28].

The limitation of our study is a relatively small sample
size for precise analysis of the results. Furthermore, as it
reflects a single-center experience, the results may not rep-
resent national and international practice and outcome.
Further multicenter examinations with a larger number

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10):518-524



Changes in risk factors trends in coronary surgery over the past decade - a single-center validation

of patients are necessary for more precise evaluation of
the results.

CONCLUSION

Over the past decade, the risk profile of patients undergo-
ing coronary surgery has changed. Old age and diabetes
mellitus on insulin therapy before surgery have shown a
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MpomeHe y TpeHAOBMMA PaKTOpPa PU3UKA Y KOPOHAPHO] XMPYPrUju Y NOCNeAH0j

AeLeHWju — NOTBPAA jeAHOT LLeHTpa

bojaH Muxajnosuh'? Anekcangap Pelek'? J1lazap Benuuku'?, Munana Japakosuh'?, Iparuh bankosuh?®, boromy6 Muxajnosuh'

'Yruep3utet y HoBom Cagy, MeguuunHcku akyntet, Hosu Cag, Cpbuja;
2/HcTUTYT 3a KapauoBackynapHe 6onectn BojsoguHe, Cpemcka Kamenuua, Cpbuja;
3YHuBepauTeT y KparyjesLy, MpupoaHo-maTtemaTnykm Gpakyntet, Kparyjesay, Cpbuja

CAXETAK

YBoa/Linmb Gaktopu pusrka KOPOHapHUX 6onecHKa MHANKO-
BaHMX 3a XMPYPLLKO JIeYere BPEMEHOM Ce Mehbajy.

Linms oBe cTyauje 6vo je Aa ce aHanm3upajy TpeHaoBU dakTopa
pu3mKa Koju ynase y cactaB EBponckor cuctema 3a npoueHy
CpuaHor onepaTtneHor pusuka (EuroSCORE 1) n ga ce npoueHe
tberoBa Kanvbpalmja 1 UCKPUMUHATBHA MOR.

Metoge VicTpaxuBarbem je obyxBaheHo 3996 onepuricaHmx
KOpOHapHux 6onecHMKa y nepuogdy of jaHyapa 2012. roguHe
[0 feuembpa 2020. roarHe Ha Halloj KNMHUUK. 3a NpoLeHy
dakTopa pr3nKa 1 eanyaLujy onepaT1BHOr pr3nKka kopuiheH
je mogen EuroSCORE |l. Kpackan-Bonwncos H TecTt kopuwheH
je 3a TecTMpatbe pasnvike BpeLHOCTV HyMepUYKIX Bapujabnu
Kpo3 roanHe. Kanubpauuja mogena npoLereHa je nopeherem
CTBapHOT 11 0YeKMBaHOT MOPTaNMTETa, @ AUCKPYMMHATMBHA MOh
ucnuTaHa je y3 nomoh nospuunHe ncnog AUC Kpuise.
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Pesyntatu CrapocT 6onecHuKa nmana je pactyhu TpeHp
(p < 0,0005), Kao 1 arjabeTec MENNTYC Ha MHCYNIMHCKOj Tepa-
nujun (p = 0,004). 3HauajaH TpeH onafarba UManu Cy: eKCTpa-
KapavjanHa aptepuonatuja (p = 0,003), KpUTMUHO Npeonepa-
TUBHO cTahe (p = 0,013), npeonepatneHa NYHA knaca lll nnn
IV (p < 0,0005) n npeonepaTrBHa aHrHa nektopuc CCS knace
IV (p < 0,0005). MpoceuHa BpeaHocT EuroSCORE Il onana je ca
1,73 Ha 1,53 (p < 0,0005). CtBapHU MopTanuTeT 61o je 1,70%, a
oyekuBaHu 1,75%. OBHOC CTBApHOT 11 OYeKMBaHOT MOpTanuTeTa
6110 je 0,98; 95% uHTepBan noeepera 0,95-1,03. MoBpLunHa
ucnog AUC kpuiBe 6una je 0,825.

3aksbyyak [podun pr3nka 6onecHnKa 3a KOPOHapHY Kapayo-
XUPYPLLKY MHTEPBEHLM]Y MPOMEHMO Ce Y NOC/eH0j fAeLieHUjU.
MpoceyuHa BpegHocT EuroSCORE |l nma TpeHa onafakba, y3 fo6-
py NPeAnNKTUBHY 1 ANCKPUMUHATVBHY MOR.

KrbyuHe peuu: Kapanoxupypruja; Gaktopy pusiika; TPeHA0BY
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Predictive value of GATA3 and Ki-67 expression in
biopsy and transurethral resection specimens in
patients with urothelial carcinoma of the urinary
bladder
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SUMMARY

Introduction/Objective Urothelial carcinoma is the most commonly diagnosed malignancy of urinary
bladder in clinical and pathohistological practice where various prognostic factors play a significant role.
One of the most important pathohistological prognostic factors is the intensity of immunohistochemi-
cal staining. Among various immunohistochemical markers that have been proven to influence disease
progression and the patient’s survival, role of Ki-67 and GATA3 in prediction of disease prognosis has
not been completely clarified yet. The aim of this study was to determine the predictive value of GATA3
and Ki-67 mutual expression in urothelial carcinoma.

Methods Eighty patients were included in this study, out of which four groups were formed based on
the pathological stage of urothelial carcinoma. After using preferred antibodies, their staining intensity
was analyzed semiquantitatively.

Results Results showed that there was statistically significant correlation between the type of urothelial
carcinoma, the pathological stage, and invasiveness and different grades of GATA3 expression, as well as
statistically significant correlation between the type of urothelial carcinoma and the pathological stage
and different grades of Ki-67 expression. The regression model showed low value of GATA3 and Ki-67
mutual expression. There was also statistical significance regarding the pathological stage and invasive-
ness of the tumor in survival analysis.

Conclusion Predictive value of GATA3 and Ki-67 mutual expression resulted as low from this study, but to
our knowledge this was the first study to examine their predictive capability on biopsy and transurethral

resection specimens.

Keywords: urothelial carcinoma; biopsy; transurethral resection; GATA3; Ki-67

INTRODUCTION

Urothelial carcinoma is the most commonly
diagnosed malignancy of urinary bladder in
clinical and pathohistological practice and
it closely follows prostatic adenocarcinoma
on the epidemiological malignancy scale of
genitourinary system. Global data from 2020
showed 573,278 newly diagnosed urinary blad-
der carcinomas, which makes it the 10" one on
the list of the most common malignancies in
the general population [1]. In the 2006-2016
decade, annual frequency of urinary bladder
carcinoma has declined by 1.3%, while mortal-
ity rate has not changed [2, 3]. The disease is
more frequently diagnosed among males con-
sidering the differences in carcinogenic expo-
sure between the sexes [4, 5]. Age represents
a strong and independent risk factor as vari-
ous demographic studies showed that patients
older than 65 have 11-fold higher risk of getting
this disease, unrelated to sex [6]. Considering
the unchanged mortality rates during the last

couple of years, the future burden of bladder
cancer will fully depend on the newly formed
diagnoses [3-6].

Pathohistological prognostic factors in
bladder carcinoma include the histologic type,
depth and tumor extension, stromal response
and the intensity of inflammatory infiltrate,
lymphovascular invasion, necrosis and disease
stage, and intensity of immunohistochemical
staining [7, 8]. Among various immunohis-
tochemical markers that have been proven to
influence disease progression and the patient’s
survival, Ki-67 and GATA3 have been chosen
as the focus of the study, as their role in the dis-
ease prognosis has not been completely clari-
fied yet [8, 9, 10].

The aim of this study was to determine the
correlation between clinical and pathohisto-
logical parameters and urothelial carcinoma,
as well as to determine the correlation between
Ki-67 proliferation index and GATA3 expres-
sion with histological parameters of urothelial
carcinoma and their predictive values.
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METHODS

During a one-year period (from October 1, 2020 to
October 31, 2021), this retrospective—prospective study
included pathohistological material from 80 patients
who had been diagnosed with urinary bladder carcino-
ma or with a non-cancerous bladder lesion. The mate-
rial for histological analysis was analyzed at the Center
for Pathology and Histology of the University Clinical
Center of Vojvodina. The study protocol was approved
by the Ethics Committee of this institution (No. 00-400)
and the Faculty of Medicine in Novi Sad (No. 01-39/299).

Study group

The cases of 80 patients who underwent biopsy or trans-
urethral resection after clinical suspicion of bladder cancer
existence were reviewed in this study, and an adequate
tissue specimen was histologically analyzed. The exclu-
sion criteria used in this study referred to patients with
inadequate tissue specimens (not enough material suitable
for immunohistochemical staining, remarkable exogenous
tissue damage, and extensive necrosis present). All clini-
cal data referring to demographic characteristics, type of
procedure, pathohistological diagnosis, and stage were
obtained from the patients’ medical charts.

Urinary bladder tissue specimens for the histological
analysis were fixed by 10% neutral formalin, then routinely
paraffin-embedded. The specimens were cut at approxi-
mately 5 mm-intervals, sliced to 4 um-thick sections, and
stained with hematoxylin and eosin. By examining all tis-
sue specimens, the following diagnoses were made and
four numerically equal groups of 20 patients were formed:

o group I (control group) - tissue specimens where
regular histological elements of bladder mucosa/wall
as well as inflammation were present (in the form of
Cystitis cystica et glandularis, Cystitis polypoides et pap-
illaris), without any dysplastic epithelium changes or
carcinoma in situ (CIS);

o group II - tissue specimens where papillary urothelial
carcinoma, pTa stage was histologically confirmed and
turther divided into low grade and high grade (Figures
1A and 1B);

o group III - tissue specimens where infiltrating uro-
thelial carcinoma pT1 stage was histologically con-
firmed and further divided into pT1m (microinvasive)
and pT1le (extensive invasive) urothelial carcinoma
(Figures 1C, 1D, and 1E);

o group IV - tissue specimens where infiltrating urothe-
lial carcinoma, pT2 stage was histologically confirmed
(Figure 1F).

The immunohistochemical analysis was performed on
paraffine blocks with the biggest amount of preserved tis-
sue and by using monoclonal antibody Ki-67 (clone MIB-
1, DAKO, Glostrup, Denmark) and monoclonal GATA3
(clone L50-823, Cell Marque, Rocklin, CA, USA).

DOI: https://doi.org/10.2298/SARH220312072S
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C IR ey - —x] s @g)
Figure 1. Microscopic appearance of urothelial carcinoma; (A) pTa,
low grade, H&E, 2.5 X; (B) pTa, high grade, H&E, 10 Xx; (C) and (D) pT1,
microinvasive, H&E, 10 x; (E) pT1, extensive invasive, H&E, 10 X; (F)
pT2, H&E, 10 x

- e ¥ 65

Figure 2. Micrographs showing GATA3 positivity in: (A) control group,
10 X; (B), (C), and (D) pTa — grades |, II, lll, 2.5 x; (E), (F), and (G) pT1 -
grades |, II, 11, 2.5 x; (H), (1), and (J) pT2 - grades |, I, Ill, 2.5 x
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Evaluation of Ki-67 and GATA3
immunohistochemical expression

The intensity of immunohistochemical staining was deter-
mined semiquantitatively, by analyzing areas where marker
expression was most strongly presented. Ki-67 and GATA3
expression was evaluated as nuclear staining in tumor cells,
while positive cytoplasmic staining was not considered
important during the evaluation. Ki-67 proliferation index
and GATA3 expression were defined as a percentage of
positive tumor cells in regard to total number of tumor
cells on histological section.

GATA3 positivity grading was defined as the following
(Figure 2):

o grade 0 - no positivity;

o grade 1 - 1-10% positivity;

o grade 2 - 11-50% positivity;

o grade 3 - > 51% positivity.

Ki-67 positivity grading was defined as the following
(Figure 3):

o grade 0 - 0-10% positivity;

o grade 1 - 11-25% positivity;

o grade 2 - 26-50% positivity;

o grade 3 - > 51% positivity.

Statistical analysis

The data were processed in the IBM SPSS Statistics,
Version 23.0 (IBM Corp., Armonk, NY, USA). Data anal-
ysis methods used descriptive and inferential statistics.
Numerical variables were presented by arithmetic mean
and standard deviation, and the categorized variables
through frequencies and percentages. Methods used to
test statistical hypotheses were the X* test and Fisher’s ex-
act test. The correlation between different parameters was
determined with ¢ and Cramer’s V correlation coefficients.
Cumulative survival rates were calculated by the Kaplan-
Meier method. All differences were considered significant
for p < 0.05. The results are shown as tables (1-7).

RESULTS

Descriptive statistics and frequency of clinical and
pathohistological characteristics

This study included 80 patients, 60 of which had a diag-
nosis of urothelial carcinoma, and 20 had a diagnosis of
cystitis in different forms, without any elements of dyspla-
sia, CIS, or carcinoma per se. The study included 54 men
(67.5%) and 26 women (32.5%). Table 1 shows descriptive
statistics of clinical characteristics and follow-up period of
urothelial carcinoma and cystitis.

As patients with urothelial carcinoma were divided into
three groups, 10 patients had a histological grade (HG)
defined as low (16.7%), while 50 patients had high-grade
urothelial carcinoma (83.3%). Twenty patients in each
stage had pTa, pT1, and pT2 stages. Within patients with
invasive pT1 and pT2 urothelial carcinoma, microinvasive

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10):525-532

Figure 3. Micrographs showing Ki-67 positivity in: (A) control group, 10
X; (B) and (C) pTa — grades | and lll, 2.5 x; (D), (E), and (F) pT1 - grades
111,11, 2.5 %; (G), (H), and (1) pT2 - grades |, I, 11l, 2.5 x

Table 1. Descriptive statistics of clinical characteristics and follow-up
period of urothelial carcinoma and cystitis

Mean 68.87
Median 69
Age Standard deviation 10.13
Minimum 30
Maximum 88
Mean 12.71
Median 12,5
Follow-up period Standard deviation 7.37
(months)
Minimum 1
Maximum 27
Mean 7.8
Period until death Median 8
outcome Standard deviation 4.96
(months) .
Minimum 1
Maximum 55

pT1m stage was present in 11 patients (27.5%), while ex-
tensive invasive pTle and invasive pT2 stage were present
in 29 patients (72.5%).

The correlation between urothelial carcinoma and
cystitis with clinicopathological parameters

Table 2 shows summarized pathohistological parameters
and their correlation with noninvasive and invasive uro-
thelial carcinoma. As the results show, sex was not signifi-
cantly associated with the presence of urothelial carcinoma,
while significant associations were found between age
groups, HG, and invasiveness with urothelial carcinoma.

In order to determine the predictive value of different
age groups, multinomial logistic regression was used, in
which regression model proved to be statistically signifi-
cant (Table 3). In patients with noninvasive papillary uro-
thelial carcinoma, age groups did not show any prediction
value. On the other hand, age between 76 and 90 years
was proven to be a good predictor for infiltrating urothe-
lial carcinoma — patients of the aforementioned age had a
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Table 2. Noninvasive and invasive urothelial carcinoma in different correlations with

clinicopathological parameters

Sunjevi¢ M. et al.

The correlation between

GATA3 and Ki-67 expression

ol |- sl and histological parameters of
papillary (infiltrating) Cystitis Total helial .
Parameters | urothelial urothelial Y ¢ (p) urothelial carcinoma
X . (n/%) (n/%)
carcinoma carcinoma
iriic) ) Histological parameters of urothelial car-
EER cinoma and their association with clas-
Male 17 @1.3) 23(287) |140175) 54675 | oc sified positivity of GATA3 are presented
Female 363.7) 17(213) | 6(7.5) |26(325) in Table 5. The correlation between the
Age, years type of urothelial carcinoma, pathologi-
<60 0(0) 7(8.8) 6(7.5) |13(16.3) . . .
o 14075) 18025 1205 | 4455 | 0017 cal stage and invasiveness, and different
: : ’ grades of GATA3 expression was statis-
76-90 6(7.5) 15(18.7) 2(2.5) |23(28.7) . R . .
T —— tically significant, while the correlation
e between HG and GATA3 expression
Low grade 10(16.7) 0(0) 10(16.7) <0001 | 0632 t statistically sienificant. Table 6
High grade | 10(16.7) 40 (66.6) 50(833)| (<o001) | Wasnotstatistically sighilicant. 1able
T shows histological parameters of urothe-
nvasiveness ; ) i o .
Tim 1275) 11275 lial carcinoma and their association with
P i : <0001%*xx | 0616 classified positivity of Ki-67. There was
gge and 29 (72.5) 29 (72.5) (<000 | statistically important significance be-

*x?test = 4.672; **Fisher’s test= 11.485; ***Fisher’s test = 24.00; ****y2test = 15.172

Table 3. Regression model for predictive values of different age groups

-2 Log e p
16.834 14.269 0.006

Table 4. Age as a predictive factor for urothelial carcinoma of urinary
bladder

Noninvasive papillary Invasive (infiltrating)
Age groups urothelial carcinoma urothelial carcinoma
95%C | p 95%C | p
<60 1 (reference group) 1 (reference group)
61-75 1.5(0.35-345.05) | 0.17 | 0.78(0.21-2.89) | 0.70
76-90 2.57(0.44-15.19) | 0.29 5(0.96-25.94) 0.04

tive-fold greater chance of being diagnosed with infiltrat-
ing urothelial carcinoma than cystitis compared to patients
younger than 60 years (Table 4).

tween type of urothelial carcinoma and
pathological stage and different grades of
Ki-67 expression, while correlation between HG, invasive-
ness and Ki-67 expression was not statistically significant.

Using the multinomial logistic regression, mutual
predictive value of GATA3 and Ki-67 expression was ex-
amined, as well as separate predictive capability of these
two markers. Analyzing mutual predictive capability, the
regression model showed low values of GATA3 and Ki-
67 mutual expression, thus separate expression of these
markers had no statistically significant predictive values
in urothelial carcinoma (Table 7).

Survival analysis

From the Kaplan-Meier plots, it can be concluded that the
cumulative survival proportions varied between examined
parameters. The cumulative survival proportion does not
appear to differ remarkably considering HG, GATA3, and
Ki-67 expression (Figures 4A, 4D, and 4E). It would appear
that there was a statistical significance in regard to patho-
logical stage (log rank (df = 2) = 8.327; p = 0.016, Figure 4B)

Table 5. The correlation between GATA3 expression and histological parameters of urothelial carcinoma

Histological parameters ‘ Grade 0 ‘ Grade 1 ‘ Grade 2 ‘ Grade 3 ‘ Total ‘ p ‘ Cramer's V (p)
Urothelial carcinoma

Noninvasive papillary 1(1.3) 4 (5) 7 (8.8) 8(10) 20 (25)

Invasive (infiltrating) 1(1.2) 18 (22.5) 9(11.3) 12(15) 40 (50) <0.001* 0.443 (< 0.001)
Cystitis 0(0) 0(0) 0(0) 20 (25) 20 (25)

Pathological stage

pTa 1(1.7) 4(6.7) 7(011.7) 8(13.3) 20 (33.3)

pT1 0(0) 16 (26.7) 3(5) 1(1.7) 20(33.3) <0.001** 0.467 (< 0.001)
pT2 1(1.7) 2(3.3) 6(10) 11(18.3) 20(33.3)

Histological grade

Low grade 0(0) 3(5) 2(3.4) 5(8.3) 10(16.7) 0.699%+%

High grade 2(3.3) 19(31.7) 14 (23.3) 15 (25) 50(83.3)

Invasiveness

pT1m 0(0) 9(22.5) 2(5) 0(0) 11(27.5) 0,008+ 0491 0012)

pT1e and pT2 1(2.5) 9(22.5) 7(17.5) 12 (30) 29(72.5)

*Fisher’s test = 32.347; **Fisher’s test = 25.935; ***Fisher’s test = 1.491; ****Fisher’s test = 9.812

DOI: https://doi.org/10.2298/SARH220312072S
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Table 6. The correlation between Ki-67 expression and histological parameters of urothelial carcinoma

Histological parameters ‘ Grade 0 ‘ Grade 1 ‘ Grade 2 ‘ Grade 3 ‘ Total ‘ p Cramer's V (p)
Urothelial carcinoma

Noninvasive papillary 14 (17.5) 5(6.3) 0(0) 1(1.3) 20 (25)

Invasive (infiltrating) 12(15) 9(11.2) 9(11.3) 10(12.5) 40 (50) <0.001* 0.457 (< 0.001)
Cystitis 20 (25) 0(0) 0(0) 0(0) 20 (25)

Pathological stage

pTa 14 (23.4) 5(8.3) 0(0) 1(1.7) 20 (33.4)

pT1 6(10) 5(8.3) 4(6.7) 5(8.3) 20(33.3) 0.034** 0.325 (0.047)

pT2 6(10) 4(6.7) 5(8.3) 5(8.3) 20(33.3)

Histological grade

Low grade 7(11.7) 3(5) 0(0) 0(0) 10(16.7) 0.099%+%

High grade 19(31.7) 11(18.3) 9(15) 11(18.3) 50(83.3)

Invasiveness

pT1m 0(0) 9(22.5) 2(5) 0(0) 11(27.5) F—

pT1e and pT2 1(2.5) 9(22.5) 7(17.5) 12 (30) 29 (72.5)

*Fisher's test = 32.494; **Fisher’s test = 13.08; ***Fisher’s test = 5.515; ****Fisher’s test = 4.121

Table 7. Regression model for predictive values of mutual GATA3 and

Ki-67 expression

-2 Log

X2

5.589

0.587

0.344

and invasiveness of the tumor (Figure 4C). A log rank
test was run to determine if there were differences in the
survival distribution for these parameters and the results
showed that patients with pT1m have better survival than
patients with pT'le urothelial carcinoma [log rank (df = 1)
=2.989; p = 0.048, Figure 4C].

DISCUSSION

According to

the International Agency for Research on

Cancer and updated GLOBOCAN data from 2020, uri-
nary bladder carcinoma is at the 10th place of the most
commonly diagnosed carcinomas all over the world [1,
2]. This study included 40 men and 20 women with car-
cinoma, and male domination was compatible with data
from larger studies, but with no statistical significance
between the groups. Analyzing the sex influence on post-
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Figure 4. Cumulative overall survival curves stratified by: A) histological grade; B) patho-
logical stage; C) invasiveness; D) GATA3 expression grades; E) Ki-67 expression grades
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operative outcome from radical cystectomy,
various authors showed that sex was an in-
dependent predictor; women had a two-
fold greater risk of postoperative infection,
extravesical extension, shorter disease-free
period, and higher rate of relapse [6, 7]. In
our study, patients in the 76-90 years age
group had a five-fold greater chance of be-
ing diagnosed with infiltrating urothelial
carcinoma compared to patients younger
than 60 years. As a result of carcinogenic ex-
posure, accumulation of somatic mutations
and immune system changes, the general
risk of urothelial carcinoma rises with age
[11]. Autopsy studies frequently show many
undetected malignancies, thus delayed de-
tection reflects on lower cancer incidence,
which is a result of less intense screening
and diagnostic procedures [11, 12].
Numerous studies have also been dedi-
cated to the analysis of the pT1 stage of uro-
thelial carcinoma after radical cystectomy,
its biological behavior and the ability for
progression and relapse, as well as the pos-
sibilities for adequate and effective thera-
peutic modalities. According to these, the
optimal solution for treating pT1 urothe-
lial carcinoma was transurethral resection
(TUR), and the most important predictors
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are tumor size, multifocality, the presence of lymphovascu-
lar invasion, and concomitant CIS [13, 14]. Many studies
have made their effort in order to stratify pT1 tumors ac-
cording to the depth of invasion, and the results are highly
variable. The possibility to substage pT1 varies 58-100%,
and the percentage of accuracy is dependent on the num-
ber of specimens, sample quality, presence of muscularis
mucosa, and the pathologist’s level of experience [15, 16,
17]. According to one study, invasion depth 0.5-1.5 mm
was defined as pT1, pT1b, and pT1c [15]. Based on this one
and similar studies, pT1b and pT1c stages are significant
predictors of disease progression [15, 16, 17]. pT1a/b/c
substaging has not found constant and stable use in daily
practice because it is associated with variable diagnostic ac-
curacy 43-100% [16]. Other authors suggested a different
pT1 substaging system, namely pT1m (microinvasive) and
pTle (extensive invasive). Studies showed that diagnostic
accuracy of this substaging is higher and that patients with
pTle stage of urothelial carcinoma are at higher risk of
disease progression [16, 17]. A study from 2018 is one of
the rare studies which described a method for determining
the depth of invasion within the pT1 stage, by biopsy or
TUR specimens. Defining the linear extent of the urothelial
carcinoma with optical micrometer and the cut-off value
of 2.3 mm after regression analysis made this system 100%
accurate for all included specimens, because the system
did not require specific specimen orientation and did not
depend on the presence of muscularis mucosa, histologic
subtypes, lymphovascular invasion, and CIS [18].

There are different attitudes towards the correlation
between GATA3 expression and the HG, as well as the
pathologic stage. In the study by Agarwal et al. [19], sta-
tistically significant correlation between HG and GATA3
expression was present, as 100% of low-grade urothelial
carcinoma showed intermediate to strong staining intensi-
ty, and more than half of pT2 urothelial carcinoma showed
low intensity. Newer studies showed results similar to the
study by Miyamoto et al., in which high-grade urothelial
carcinoma was showing negative GATA3 expression [20].
On the other hand, Kamel et al. [21] suggested that GATA3
expression in non-muscle invasive urothelial carcinoma
did not correlate with tumor stage, but was significantly
downregulated in regard to tumor progression. In our
study, the lowest intensity of GATA3 expression was as-
sociated with infiltrating pT1 stage of the disease. As study
included smaller number of patients compared to the men-
tioned studies, the difference in results could be explained
by the number and unpredictable behavior of the tumor
in pT1 stage, which represents a therapeutic dilemma at
the same time, because it is often difficult for a surgeon
to decide whether to apply bacillus Calmette-Guerin im-
munotherapy or proceed with radical cystectomy, an ag-
gressive and life-quality reducing surgery. Results from
some other studies also show that GATA3 demonstrated
significant correlation with oncological outcome, where
higher expression was associated with longer disease-free
period. GATA3-negative tumors had a tendency for an
early relapse and the loss of GATA3 expression in invasive
urothelial carcinoma increased the risk of death outcome,

‘ DOI: https://doi.org/10.2298/SARH220312072S
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independent of age, morphology, and nodal status [20, 22].
GATA3 also represents a strong prognostic indicator for
urothelial tumors of the upper urinary tract — a study by
Inoue et al. [23] showed that GATA3-positive upper uri-
nary tract tumors had a significantly lower risk of disease
progression and cancer-specific mortality, in contrast to
invasive bladder tumors.

Prognostic significance of Ki-67 reactivity in urothelial
carcinoma has been analyzed through meta-analyses and
cohort studies, but among patients who underwent radical
cystectomy. High staining intensity was proved to be a pre-
dictor of significantly higher rate of cancer-specific mortal-
ity and shorter disease-free period [24, 25]. Critical values
that would define high staining intensity were different
between studies because of the non-existing standardized
access, which contributes to the heterogeneity while inter-
preting Ki-67 expression. In most studies, 20%-value has
served as a discriminator for poorer clinical outcome and
shorter disease-free period [25]. In our study, Ki-67 expres-
sion within specimens of pTa urothelial carcinoma was ab-
sent or of low intensity. In the pT1 stage, Ki-67 expression
varied from low to high intensity, as was the case with the
pT2 stage. Similar results were found in the study by Ali
Mohamed [26], but it should be mentioned that the study
included twice as many patients. As Ki-67 is a cell cycle
and proliferation regulative protein, it is probably capable
of predicting tumor behavior based on histological grading
and staging. Variable expression of Ki-67 in pT1 and pT2
urothelial carcinoma in our study could be explained by
increasing bladder carcinoma’s clinical, histological, and
biological heterogeneity, where one marker is unlikely to
predict precise prognosis.

Data showing mortality and five-year survival rate
of patients with urothelial carcinoma are yet promising.
Cumulative risk of death outcome from bladder carcinoma
from birth to age of 74 years was 0.29% among men and
0.09% among women [1]. Data regarding five-year survival
rate were obtained from the American Cancer Society for
the 2010-2016 period. According to these, five-year sur-
vival rate depends on the stage. For example, five-year sur-
vival rate in CIS was 96%, 69% in patients with carcinoma
confined to urinary bladder, and only 6% in patients with
positive M descriptor (distant metastasis). With respect to
all analyzed stages, patients” survival was brought down to
noteworthy 77% [1, 2, 3].

CONCLUSION

In our study, cumulative probability of death outcome for
microinvasive and extensive invasive pT1 urothelial carci-
noma was proved to be statistically significant. Also, statis-
tical significance was proved considering the pathological
stage and invasiveness of the tumor. Even though this study
found low predictive value of GATA3 and Ki-67 mutual
expression, it was the first one to examine their predictive
capability on biopsy and TUR specimens.

Conflicts of interest: None declared.
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MporHocTUYKKM 3HaYaj ekcnpecuje GATA3 u nponudepaTuBHor MHAeKca Ki-67 y
6MoNTUYKMM y30pLMMa U Y30pLMMa A06MjeHUM TPaHCYpPEeTPaTHOM PeceKLUjoM

KapuuHoma moKpahHe 6ewmke

Muneta Wyrwesuh'? Joso borgaHosuh*#, Cangpa TpuByHuh-[lajko'>

'Yrueep3utet y HoBom Cagy, MegnunHcku pakyntet, Katepa 3a natonorujy, Hosu Cag, Cpbuja;
YHNBeP3UTETCKI KNUHUYKY LieHTap BojsoauHe, LieHTap 3a natonorujy u xuctonorujy, Hosu Cag, Cpbuja;
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CAMXETAK

YBog/LUurmb YpoTtenHu KapuyHOM je Hajuellhe aujarHoCTKoBa-
Ha ManurHa Heonnasma MokpahHe 6eLLmrKe y KNMHUYKOj 1 maTo-
XWMCTONOLLKOj MPaKCK, FAe PasfnynT NPOrHOCTUYKM GaKkTopu
1Majy 3HauajHy ynory. JejaH o Haj3HayajHMj1X NAaTOXUCTOSNO-
LIKUX MPOTHOCTUYKUNX GpaKTOPa je MHTEH3UTET MMYHOXMCTOXE-
Mujckor 6ojerba. Mehy pasnnumTum NMyHOX1CTOXEMUjCKUM
MapKeprima 3a Koje je AoKa3aHo Aa MMajy yTuLaj Ha nporpecujy
60necTn 1 NpexmBrbaBak-e 6oNeCcHUKa, 3ajeiHNYKa ynora Ki-67
1 GATA3 y npefumKumju nporHose 6onectu Huje jow NoTnyHO
pasjallrbeHa.

Liwb oBe cTynuje je neduHrcarbe NpeAMKTMBHOT 3Havaja 3ajeq-
HuyKe ekcnpecnje GATA3 n Ki-67 y ypoTeNHOM KapLUHOMY.
Metope OcampaeceT 6onecHuKa je y4ecTBOBaso y CTyAunjU, Npu
yemy cy GopmrpaHe YeTpH rpymne Ha OCHOBY MaTONOLLKOT CTa-
AMjyMa ypoTesHOr KapLHoMa. HakoH ynoTpebe HaBefeHV X aH-
TUTeNa UHTeH3nTeT 6ojerba je aHanm3rpaH CeMUKBAHTUTATVBHO.

DOI: https://doi.org/10.2298/SARH220312072S

Pesyntatu CratvicTuKa 3Ha4ajHOCT je AoKa3aHa 13mehy xvcro-
NOLUKOT TUMa, NAaTOMOLKOT CTaAMjyMa 1 MHBA3UBHOCTU 1 pasnu-
uuTKX cTeneHa ekcnpecmje GATA3, Kao 1 n3mehy X1cTonoLwKor
TVMNa 1 MaTONIOLLKOT CTaAMjyMa 1 pasfiMunTor CTeneHa ekcnpe-
cuje Ki-67. PerpecnoHmn mogen je mokasao HUCKY MPeanKTUBHY
BPeOHOCT 3ajefHuYKe ekcnpecuje GATA3 n Ki-67. Takohe je fo-
Ka3aHa CTaTVCTMYKa 3HauYajHOCT 13mehy natonoLKor ctagujyma
1 VHBA3VBHOCTY TYMOPa NPV aHan3u NpexunsrbaBatba.
3aKsby4aK AHanv3omM NpefuKTMBHOT 3Havaja 3ajeAHNYKe eKc-
npecuje GATA3 1 Ki-67 pobujeHa je HUCKA BpedHOCT. 3Hayaj
NCTpaXKu1Barba ornefa ce y HheroBoj jeANHCTBEHOCTH, LITO 3a
LWb MIMa UCMITVBatbE YCMELWHOCTN NPeANKLMje HaBeAeHNX
aHTMTenay ysopuuma brioncuje u TpaHcypeTpanHe pecekumje
YPOTENTHOT KapLnHOMa.

KrbyuHe peun: ypoTenHy KapLUHOM; 61oncuja; TpaHcypeTpan-
Ha pecekuuja; GATA3; Ki-67
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Clinicopathologic characteristics of cutaneous
melanoma - a single-center retrospective study

Jelena Jeremi¢'? Marko Jovi¢'? Marina Stojanovi¢'?, Jovan Mihaljevi¢?, Kristina Radenovié?,
Ivan Radosavljevi¢?, Milan Jovanovi¢'?

'University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
2University Clinical Center of Serbia, Clinic for Burns, Plastic and Reconstructive Surgery, Belgrade, Serbia

SUMMARY

Introduction/Objective Epidemiology of melanoma including the number of new cases and mortality
have been established in most developed countries, but data on pathohistological features are mostly
missing. The objective of the study was to investigate epidemiological, clinical, and pathohistological
features of melanoma patients and compare the results with trends in other countries.

Methods Our sample comprised patients surgically treated for skin melanoma at the Hospital for Burns,
Plastic and Reconstructive Surgery during the 2015-2017 period. Pathohistological, clinical, and demo-
graphic features of melanoma were studied.

Results The retrospective study comprised 201 patients (109 men and 92 women) aged 25-87 years.
Melanoma was more common in men than in women (54.2% vs. 45.8%). Melanoma in male population
most commonly presented on the trunk, while in females presentation on the trunk and lower extremities
was almost equal. Superficial spreading melanoma was the most common type of melanoma (68.7%),
without correlation to the sex. No correlation was observed in relation to the stage of the disease and
the patient’s sex (p = 0.294). A statistical difference was observed in relation to the type of melanoma and
the Breslow classification (p < 0.001). Breslow’s thickness correlated with neither age nor sex. In relation
to tumor invasiveness, 12.4% of the lesions were classified as in situ lesions, while 87.6% of the lesions
were invasive. The majority of patients were identified as stage pT1a.

Conclusion This study can help to identify patients at high risk for melanoma and contribute to optimize
screening efforts in a defined target population.

Keywords: melanoma; Breslow; Serbian population; melanoma pathology; melanoma epidemiology

INTRODUCTION

Melanoma still represents a major diagnostic
and therapeutic problem, with its rapid inci-
dence rise worldwide [1]. The incidence of
melanoma has been rising continuously over
the last 50 years [2], with an approximate 3%
annual rate according to age—period-cohort
studies published so far [3]. The incidence and
mortality rates vary by the regions, depending
on the primary and secondary prevention strat-
egies, early detection, and access to the latest
treatment protocols [3].

Melanoma is among less commonly diag-
nosed skin tumors on the annual level (1-5%).
According to the latest available data, 324,635
new cases were recorded in 2020, accounting
for 1.7% of all newly diagnosed carcinoma on
the global level, and with 57,043 related deaths
its share in global carcinoma mortality is 0.6%
[3]. In spite of development of new protocols
and modalities for treatment and diagnostics,
melanoma is still associated with the highest
mortality rate of all skin tumors [1, 4]. In 2020,
the age-standardized (for the world population)
rate (ASR-W) was 3.4/100,000 on the global
level, 18.9/100,000 in the Western Europe, and
35.8/100,000 in Australia and New Zealand as
countries with the highest number of newly

diagnosed cases [2]. In the same year, the stan-
dardized mortality rates were 0.56, 1.5, and
2.7/100,000, respectively [2]. It is more com-
mon in the 50+ years age population, with 59
years as the median age at diagnosis, but it is
not uncommon among younger population ei-
ther, particularly among women. Overall, mela-
noma is more common in men, but before the
age of 50 it is more common in women [1]. It
usually appears on the trunk, followed by the
head and neck, lower and upper extremities,
and finally the acral parts (hand, foot). Sex
distribution shows that it is common on the
trunk in men and on the lower extremities in
women. In the USA, according to the SEER da-
tabase, that keeps track of the five-year survival
rates in patients diagnosed between 2011 and
2017, while reviewing cases of localized dis-
ease, the survival rate reaches 99.4%. In case of
spreading to the lymph nodes, the percentage
of the five-year survival is 68%, while in cases
of distant metastases, the survival rate is only
29.8% [5]. In the light of the factual survival
statistics, it is quite clear that early diagnosis of
skin melanoma and easy access to clinical and
dermoscopic examinations are very important
factors in subsequent treatment. According to
the National Cancer Registry of the Republic of
Serbia, melanoma was the 12th most common
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malignant tumor in 2018, and 18th according to the num-
ber of fatal outcomes [6]. In 2018, the Dr. Milan Jovanovic¢
Batut Public Health Institute reported 709 new cases of
melanoma, and 269 fatal outcomes. The ASR incidence was
10.6/100,000 in men and 8.6/100,000 in women [6], while
the ASR mortality was 4.9/100,000 in men and 2.9/100,000
in women. The objective of the study was to investigate
epidemiological, clinical and pathohistological features of
melanoma patients and compare the results with trends in
other countries.

METHODS

A retrospective study was conducted, with the data ob-
tained from the medical records. Patients surgically treated
for skin melanoma at the Hospital for Burns, Plastic and
Reconstructive Surgery of the University Medical Center
of Serbia (UKCS) in the period 2015-2017 were reviewed.
The study was approved by the UKCS Ethics Committee
(No: 602/1 Date: 30.12.2021).

The study comprised 201 patients (109 men and 92
women). The patients were divided into four age groups:
< 40 years, 41-60 years, 61-80 years, and > 80 years. Tumor
localization was divided into four regions: (a) head and
neck, (b) trunk, (c) upper extremities, (d) lower extremi-
ties, (e) acral. The primary melanoma stage was deter-
mined according to the 2017 American Joint Committee
on Cancer (AJCC) pT classification. Initially, narrow
margin excisional biopsy with 1-3 mm margins was per-
formed. The biopsy was interpreted by a pathologist ex-
perienced in melanocytic neoplasms. All patients had a
confirmed diagnosis of cutaneous melanoma by histopa-
thology, with all reported elements - histologic subtype:
nodular melanoma (NM), superficial melanoma (SM),
lentigo maligna (LM), acral, and others (desmoplastic
and amelanotic); Breslow thickness (< 1 mm, 1.01-2 mm,
2.01-4 mm, > 4 mm), dermal mitotic rate per mm? pres-
ent or absent ulceration and microsatellites, as well as the
pT stage of the disease.

The study investigated clinical and histopathological
features of melanoma and compared them between the
sexes. The incidence of melanoma subtypes by the localiza-
tion on the body was also investigated. Tumor thickness
determined by Breslow classification was examined against
patient age, melanoma subtype, stage of the disease, num-
ber of mitoses, presence of ulcerations and microsatellites.

Statistical analysis

The statistical software package SPSS for Windows, Version
19.0 (IBM Corp., Armonk, NY, USA) was used. Parametric
and nonparametric features were analyzed by using the
X’ test, the Mann-Whitney test, the Kruskal-Wallis tests.
Afterwards, the Kolmogorov-Smirnov normality test and
Spearman’s rank correlation coefficient were used.
P-values < 0.05 were considered statistically significant.

DOI: https://doi.org/10.2298/SARH220202075J
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Ethical standards

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards. The study was ap-
proved by the UKCS ethics committee (No.: 602/1 Date:
30.12.2021).

RESULTS

We evaluated a total of 201 tumor samples that were identi-
tied histologically as melanoma. All specimens were ob-
tained from complete tumor excisions/excisional biopsy,
which is the recommended excision technique if mela-
noma is suspected clinically.

Out of 201 confirmed melanoma samples, 25 were clas-
sified as in situ lesions (12.4%), defined by tumor growth
confined to the epidermis with an intact basement mem-
brane. The remaining 176 samples (87.6%) were identified
as invasive melanoma. In situ tumors were almost equally
common in both sexes. We assessed differences in the
samples by sex (Table 1). The mean age of the patients
was 61.47 + 13.9 years and statistically significantly lower
in women (63.39 + 12.62 vs. 59.20 £+ 15.03 [p = 0.036]).
The majority of patients were in the 61-80 years old group.
Patients under 40 years of age were more commonly wom-
en (6.4% of men, 15.2% of women), while men predomi-
nated among the elderly patients (7.3% of men and 4.3%
of women).

Breslow’s thickness did not differ between the sexes
(p = 0.241) (Figures 1 and 2). The majority of patients
(54.7%) had thin melanomas, less than 1-mm-thick tu-
mors (49.6% of men and 60.9% of women). The incidence
of 1.01-2 mm and 2.01-4-mm-thick tumors was almost
identical in both groups (13.4% and 13.9%, respectively),
with 1.01-2-mm-thick tumors slightly more common in
men than in women. Breslow thickness above 4 mm was
noted in 27 patients (17.9%), most of whom (59.3%) were
60-80 years of age, and slightly more frequent among male
population. The patient age did not significantly correlate
with tumor depth. On the other hand, a statistically sig-
nificant difference was observed in relation to the type of
melanoma and the Breslow classification (p < 0.001). SSM,
LMM, and acral subtypes were mostly thin melanomas
(79.1%, 17.3%, and 1.8%, respectively). In contrast, NM
accounted for the majority of tumors thicker than 3 mm.
Thin melanomas (< 1 mm) were almost equally distributed
in the location of thorax and upper extremities, while thick
melanomas (> 1 mm) were more frequent in the head and
neck region and in the lower extremities (Figure 3).

No major differences between the sexes were detected
in the histologic subtype. The most common subtype in
both groups was SM, accounting for 68.7% of all tumors,
followed by the nodular subtype. Melanoma localization
by tumor type is shown in Table 2. The superficial type of
melanoma was most often localized on the trunk (45.7%).
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Table 1. Comparison of melanoma characteristics according to sex

Variable Men Women Total b
n (%) n (%) n (%)
Age (years)
<40 7 (6.4) 14 (15.2) 21(10.4)
41-60 27 (24.8) 27 (29.3) 54 (26.9)
61-80 7 (61.5) 47 (51.1) 114 (56.7) | 0.123
>80 8(7.3) (4.3) 12 (6)
Total 109 (100) 92 (100) 201 (100)
Melanoma localization
Upper extremities 19(17.4) 15(16.3) 34(16.9)
Head and neck 22(20.2) 11(12) 33(16.4)
Trunk 50 (45.9) 32 (34.8) 82 (40.8) 0,001
Lower extremities 10(9.2) 27 (29.3) 37(18.4)
Acral 8(7.3) 7(7.6) 15(7.5)
Total 109 (100) | 92(100) | 201 (100)
Histological type
Superficial 70 (64.2) 68(73.9) | 138(68.7)
Nodular 6(14.7) 15(16.3) 31(15.4)
Lentigo melanoma 5(13.8) 6 (6.5) 21(10.4) 0232
Acral 2(1.8) 0(0) 2(1)
Other 6 (5.5) 3(3.3) 9 (4.5)
Total 109 (100) 92 (100) 201 (100)
Breslow thickness
<1 4 (49.6) 56 (60.9) 110 (54.7)
1.01-2 19(17.4) 8(8.7) 27 (13.4)
2.01-4 6(14.7) 12(13) 28(13.9) | 0.241
>4 20(18.3) 16 (17.4) 36 (17.9)
Total 109 (100) | 92(100) 201 (100)
pT stage
Tis 12(11) 13(14.1) 25(12.3)
Tla 32(29.4) 35(38.1) 67 (33.3)
T1b 11 (10) 8(8.7) 19 (9.4)
T2a 14(12.8) 4(4.3) 18(9)
T2b 4(3.7) 4(4.3) 8(4) 0370
T3a 8(7.3) 8(8.7) 16 (8)
T3b 9(8.3) 5(5.5) 14(7)
T4a 10(9.2) 8(8.7) 18 (9)
T4b 9(8.3) 7(7.6) 6(8)
Total 109 (100) | 92(100) 201 (100)
Mitosis 55(50.9) 40 (43.5) 95(47.5) | 0.293
Ulcerations 25(22.9) 0(21.7) 45(22.4) | 0.893
Microsatellites 7 (6.4) 1(1.1) 8(4) 0.073
Elevated S protein 17 (15.6) 4(15.2) 31(15.4) | 0.941
Elevated LDH 42 (38.5) 6(39.1) 78(38.8) | 0.931
LDH - lactate dehydrogenase
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Figure 1. Distribution of melanoma subtype in male population
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Figure 2. Distribution of melanoma subtype in female population
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Figure 3. Distribution of melanoma thickness according to localization

Table 2. Comparison of melanoma location according to tumor type

Melanoma type
Mel E 5 o g
¢lanoma & = 96 | & ) Total
localization 5 = == o <
g | 2 | 8| | ©
A €
Upper n 25 7 3 0 0 35
extremities | 9% | 18.1% |22.6% | 143% | 0% 0% 17.4%
Head and n 20 4 13 0 3 40
neck % | 145% | 12.9% | 61.9% | 0% |33.3% | 19.9%
n 63 1 4 0 3 81
Trunk
% | 45.7% |355% | 19% | 0% |33.3% | 40.3%
Lower n 30 9 1 2 3 45
extremities | 9% | 21.7% | 29% | 4.8% |100% | 33.3% | 22.4%
n 138 31 21 2 9 201
Total
% | 100% | 100% | 100% | 100% | 100% | 100%

The nodular type of tumor was also most commonly lo-
calized on the trunk (35.5% of cases). On the other hand,
the most common type of tumor localized on the head
and neck was lentigo melanoma, registered in 13 out of
21 patients (61.9%). The acral type of melanoma was reg-
istered only in two patients and it was localized on the
lower extremities in both cases. Considering age distribu-
tion and melanoma subtype, superficial spreading, nodu-
lar and lentigo maligna were the most common subtypes
of melanoma among the population 61-80 years of age
(Figure 4). Also, in all locations of the body, melanoma
was most frequently found in the age group above 61 years
of age (Figure 5).

The study showed statistically significant difference
in melanoma location between the sexes (p = 0.001).
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Melanoma was most often localized on the trunk 45.9%,
followed by the head and neck 24.8% in male population,
while in women, the incidence of melanoma was almost
identical on the trunk and lower extremities (33.7% and
34.8%, respectively). No statistically significant difference
was noted in the pT stage of the disease between the sexes
(p = 0.370). Ulcerations were present in 22.4% of primary

Table 3. Patient characteristics by the Breslow classification

Jeremic J. et al.

tumors. Mitoses and ulcerations were almost evenly dis-
tributed between the sexes with no significant difference
(p =0.293 and p = 0.893). Microsatellites were more often
present in men than in women (p = 0.073), while distant
metastases were registered in 2.5% of the patients, with no
difference in frequency between the men and the women
in our group of patients.

DISCUSSION

General epidemiological features of melanoma relat-
ing to the number of newly diagnosed cases and related
mortality are mainly well established in many developed
countries, but we miss the data on the histopathological
features of melanoma [7]. The National Cancer Registry in
Serbia keeps only the data on newly diagnosed cases and
the number of related deaths, while important prognostic
data, such as tumor thickness according to Breslow and
the presence of ulcerations, are missing [6].

The results of our study have shown that most patients
were over 60 years of age at the time of diagnosis establish-
ing. Men were affected more frequently than women, but
women were affected at an earlier age. In the age group
under 40 years the number of women was twice the num-
ber of men. These results are in line with the latest pub-
lished sex-specific trends published for populations all
over Europe and USA indicating higher incidence among
younger women, while men are affected mostly in their
middle age [7-11]. These results coincide with the results
published in the National Cancer Registry in the Republic
of Serbia. This can be explained by different habits of sexes:

men are less inclined to self-examine or present
for an examination with a specialist. This prob-

ably contributes to detection of melanoma later

DOI: https://doi.org/10.2298/SARH220202075J

Breslow and in more advanced stages [12, 13].

Variable = [ 1}?]1;]2 2}?]1;4 A\ FT :322; p Localization of melanoma on the trunk may

n (%) nes) | nee | "M% also be related to the later detection. The trun-
Age (years) cal melanomas, more common in men, are
<40 160145) | 2(74) | 1G6) | 256 | 21104) less visible and thus detected later. Melanomas
41-60 29(264) | 7(259) | 725 |11(306)| 54(26.9) in women are detected earlier so that they are
61-80 58(52.7) | 16(59.3) | 20 (714) |20(55.6) | 114(56.7) | 0.233 | thinner according to Breslow classification [14].
>80 7064) | 2(74) | 00 | 3(83) | 12(6.30) Men and women also differ in skin anatomy and
Total 110(100) | 27 (100) | 28 (100) | 36 (100) | 201 (100) physiology. The skin of men is thicker and richer
Sex in collagen and elastic fibers. It has less subcuta-
Men 54 (49.1) | 19 (70.4) | 16 (57.1) | 20 (55.6) | 109 (54.2) neous fat and different hair distribution, which
Women 56 (50.9) | 8(29.6) | 12(42.9) | 16 (44.4)| 92(45.8) | 0.241 responds differently to UV-induced skin trauma
Total 110 (100) | 27 (100) | 28 (100) | 36 (100) | 201 (100) and is considered more photosensitive than the
Melanoma type skin of women [15, 16]. The results of our study
Superficial 87(79.1) | 25(92.6) | 13(36.1) | 13 (36.1) | 138 (68.7) show greater prevalence of stage IIT I IV mela-
Nodular 0(0) 2(7.4) | 8(28.6) |21(58.3)| 31(15.4) noma in men, which is in line with a study pub-
Lentigo 190173)| 00) | 22 | 00 | 21(104) lished by Behbahani et al. [14], suggesting the
melanoma <0.001|  survival advantage of women, since simple surgi-
Acral 2(1.8) 0(0) ) 0 2() cal excision is the sufficient treatment method for
Other 208 | 00 |5079) | 2(56) | 9(43) thin melanoma. Analysis of the results of previ-
Total 110(100) | 27(100) | 28 (100) | 36 (100) | 201 (100) ous studies relating to anatomic localization and
Mitosis 16 (14.5) |21 (17.7) | 25(89.3) | 33(94.3) | 95(47.5) | <0.001 sex has shown that melanoma in men is most
Ulcerations 3(2.7) | 8(29.6) | 13(46.4) | 21 (58.3) | 45(22.4) | <0.001 Commonly localized on the trunk, while in wom-
Microsatellites 0(0) 1(3.7) 2(7.1) | 50139 8 (4) <0.001 en it usually affects the lower extremities [17].
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However, recent studies show that this difference is fad-
ing out [18]. Our results also corroborate the trend show-
ing that melanoma most commonly appears on the trunk
(45.9%), and head and neck (24.8%) in men, while in
women the incidence of melanoma on the trunk and lower
extremities was almost identical (33.7% vs. 34.8%).

Our results show no statistical difference in the inci-
dence of different types of melanomas between men and
women. SM was the most common type of melanoma
(68.7%), followed by NM (15.4%), LM (10.4%), and AM
(1%), coinciding with the results published for the US and
EU [19]. Comparisons of anatomic localizations of UV-
exposed regions, as expected, showed LM presence most
commonly on the head and neck regions (61.9%), while
AM was present on the lower extremities only [9].

The most important prognostic factor was tumor thick-
ness by Breslow, while penetration depth by Clark is still
registered in HP reports although AJCC classification does
not require it [20]. Most of our patients had melanoma less
than 1 mm thick according to Breslow, while other groups
were represented equally. Our study did not show statisti-
cally significant correlation of age and tumor thickness or
sex and tumor thickness either.
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The presence of ulcerations, mitotic activity and micro

satellites is increased and is very much correlated with tumor
thickness, as expected [20]. Numerous studies have shown
that ulcerations, as a bad prognostic sign, are more com-
mon in men [18]. Our study, however, failed to identify any
difference in the incidence of ulceration between the sexes.

CONCLUSION

Further investigations in the field of demographic and
clinicopathological characteristics of melanoma are nec-
essary to improve melanoma prevention, diagnosis, and
treatment. Professional examination and self-examination
should consider all parts of the body, including hidden
localizations and particular attention should be paid in the
population beyond 60 years. Understanding melanoma be-
havior and clearly identifying groups at risk in both sexes
would allow us to create national programs of prevention
and early detection of melanoma that could lead to better
overall survival.
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KanHuukonatonowke KapPaKTePUCTUKE KOXKHOI Me/1IaHOMa — PETPOCNEKTUBHA

CTyAMja NOjeANHAYHOT LIeHTpa

JeneHa Jepemnh'?, Mapko Josuh'? MapuHa CtojaHosuh'?, JoBaH MuxarbeBuh?, KpuctnHa PageHoBuh? ViBaH Pagocasbesunh?,

MwunaH JoBaHoBuh'?

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHMBEP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnnHMKa 3a ONeKOTUHE, MNACcTUYHY 1 PEKOHCTPYKTUBHY XMpyprijy, beorpaa, Cpbuja

CAXETAK

Yeoa/Uum OniuTe ennaemMmonoLLKe KapakTepyucTke MenaHo-
Ma, 6poj HOBOOBGONENVX 11 MOPTANIUTET, YrIaBHOM Cy MO3HaTe
y BeNMHM pa3BujeHrX 3emMarba, anv OHO LWITO HedocCTaje jecy
nofaLm o XMCTOMaTONOLWKMM KapaKTepucTMKaMa MenaHoma.
Linsb oBOT NCTpaXuBarba je 61no UcnuTBarbe envaemMmnoso-
LIKWX, KNUHUYKUX 1 MATOXMCTOMOLWKYMX KapaKTepucTrKka 60-
necHvKa 1 ynopehusarbe pesyntaTa ca TpeHAOBUMa Y APYTiM
3em/bama.

Metopae Halu y3opak cy UnHunm 6onecHnLy onepucaxHm 36or
MenaHoMa Koxke Ha KnmHMumM 3a oneKoTuHe, NNacTuuHy 1 pe-
KOHCTPYKTUBHY Xvpyprujy y nepuogy og 2015. fo 2017. roguHe.
VcnnuTmBaHe cy XxmcTonaTosnoLKe, KNMHUYKe 1 gemorpadcke
KapaKTepucTrKe MenaHoMa.

Pe3syntatu OBa peTpocneKTrBHa cTyauja je obyxBatuna 201
6onecHuKa (109 mywKapaua n 92 xeHe), ctapocTu og 25 go 87
rognHa. Mywkapuu cy o6oneBanu yewhe y ogHOCY Ha XeHe
(54,2% npema 45,8%). MenaHom ce Kof MyLiKapaLa Hajuyewwhe

DOI: https://doi.org/10.2298/SARH220202075J

jaB/ba Ha Tpyny, [OK je KOA XeHa MHUMAeHLa MeJlaHoOMa Ha
TPYMy U JOHUM eKCTpemmTeTMa naeHTNYHa. Hajuewwhn tin
6110 je MelaHOM MOBPLUHOT LWMpeHsa (68,7%), 6e3 CTaTUCTUUKN
3HauajHe pasnuke mehy nonosmma. Huje youeHa kopenauuja 'y
0fHOCY Ha CTagujym 6onectu n non 6onecHuka (p = 0,294). Cra-
TUCTVYKM 3HauajHa pasnvika je youeHa npu nopehetby aebrbuHe
MeslaHoMa npema Knacudukaumju no bpecnoy n Tuna mena-
Homa (p < 0,001). Huje youeHa pa3nuka y febrmbuHn menaHoma
no bpecnoy mehy nonoBuma 1 Nnpema cTapocT 6onecHuKa.
Mpema nHBa3nBHOCTY, 12,4% ne3mja cy KnacuduKoBaHe Kao
in situ neswje, a 87,6% Kao nHBa3mBHe. BehuHa 6onecHuKa je
npaeHTMdUKOBaHa Kao ctagujym pTla.

3aksbyuak OBa CTyAvja MOXe onakLuaTh ngeHTudrKauwjy 6o-
NeCHUKa ca BUCOKUM pr3MKOM oboneBatba Of KOXHOT Mena-
HOMa 1 JOMPUHETV ONTUMU3aLMjU CKPUHMHTA Y AePUHINCAHO]
LWbHOj nonynauuju.

KmyuHe peun: menaHom; bpecnoy (Breslow); nonynaumja Cp-
6uje; natonoruja MenaHoma; en1AemMMosorija MenaHoma
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A clinical study of using a phentolamine alcohol
wet dressing in the treatment of extravasation
after a 20% fat emulsion intravenous infusion
—a randomised trial

Fu Yuan-Wei, Liu Zhen-Yuan
Hengshui people's Hospital, First Department of Rehabilitation Medicine, Hebei Province, China

SUMMARY

Introduction/Objective The aim of our paper was to investigate the clinical efficacy of using a phen-
tolamine alcohol wet dressing to treat the extravasation of an intravenously administered infusion of
milk fat. This study was designed as a randomized trial, and was done at the Hengshui people’s Hospital,
Hebei Province, China, from June 2019 to June 2020.

Methods In total, 300 patients were randomly divided into two groups. In the experimental group, the
patients were treated using a phentolamine alcohol wet dressing, whereas in the control group, the
patients were treated using a hydropathic compress with a 50% magnesium sulphate solution. The cure
rate, healing time, and patient satisfaction of the two groups were compared and analyzed.

Results The cure rate of intravenous infusion extravasation was 92.67% (139/150) in the experimental
group and 70.67% (106/150) in the control group (p < 0.05). In the experimental group, there were 66
patients whose cure time was less than 24 hours, 62 patients whose cure time was between 24 and 48
hours, and 22 patients whose cure time was over 48 hours. The cure time of the patients was significantly
shorter in the experimental group than the control group. After treatment, in the experimental group,
67 patients were very satisfied, 52 patients were satisfied, 21 patients were generally satisfied, and 10
patients were dissatisfied; in the control group, 32 patients were very satisfied, 40 patients were satisfied,
56 patients were generally satisfied, and 22 patients were dissatisfied. The satisfaction of patients was
significantly higher in the experimental group than in the control group.

Conclusion The effect of using a phentolamine alcohol wet dressing to treat the extravasation of an
intravenous infusion of milk fat is significantly better than the effect of using a magnesium sulphate
solution, and this type of dressing is worthy of clinical application.

Keywords: phentolamine alcohol wet dressing; magnesium sulphate solution; fat emulsion extravasa-

tion; cure rate; patient satisfaction

INTRODUCTION

Preface fat emulsion is an intravenously admin-
istered nutrition drug, and it is widely used in
clinical practice [1, 2]. However, skin damage is
common due to its high concentration and high
permeability, and extravasation is a common
complication that affects drug absorption [3, 4,
5], destroys the integrity of skin and tissue, and
causes obvious pain [6, 7]. A detachable hydro-
pathic compress is a new kind of wet compress
method, which could effectively dilate blood
vessels, improve blood circulation and reduce
local pain.

Extravasation of intravenous infusion is rela-
tively common in the clinic, and although the
injury site is limited, the skin damage is severe.
In recent years, the drug wet dressing method
can partially improve the puncture effect be-
cause of its full drug action and strong absorb-
ability. However, the traditional wet dressing
method is complicated to operate and the steps
are cumbersome. In addition, intravenous infu-
sion puncture is affected by the physicochemi-
cal properties of the drug, which increases the
risk of tissue damage. Phentolamine alcohol wet

dressing can restore local blood supply and oxy-
gen as soon as possible, improve microcircula-
tion, reduce the occurrence of skin necrosis and
improve the efficiency of wet dressing; reduce
the risk of deterioration and failure of the drug
during transportation and external environ-
mental changes, prevent the volatilization of the
drug and ensure the therapeutic effect 8, 9, 10].
At present, there are few clinical studies con-
cerning the use of a phentolamine alcohol wet
dressing to treat extravasation resulting from a
milk fat intravenous infusion. Therefore, this
study recruited 300 patients with extravasation
following an intravenous infusion of milk fat at
the Hengshui People’s Hospital to investigate
the clinical effect of using a hollow detachable
hydropathic compress to treat the extravasation.

METHODS
Subjects
Between June 2019 and June 2020, patients with

extravasation caused by the intravenous infu-
sion of 20% fat emulsion were recruited for the
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study. The patients were divided into two groups. In the
experimental group, patients were treated with a phentol-
amine alcohol wet dressing. In the control group, the pa-
tients were treated with a hydropathic compress with 50%
magnesium sulphate solution. The cure rate, cure time, and
patient satisfaction in the two groups were compared. All
the participants signed informed consent forms, and the
study was approved by the ethics committee of Hengshui
People’s Hospital (No: AF/SC-08/02.0).

Randomization and blinding

The randomization was conducted by an independent per-
son who managed the randomization list, so the investiga-
tors and physicians involved in the trial had no access to
this list. SPSS Statistics for Windows, Version 19.0 (IBM
Corp., Armonk, NY, USA) was used to generate a random
allocation sequence, and 300 patients were randomly di-
vided into a control group and a treatment group in a 1:1
ratio, with 150 patients in each group.

The experimental group was treated with a phentol-
amine alcohol wet dressing, and the control group was
treated with a 50% magnesium sulphate solution. It was not
possible to blind both the person performing the interven-
tion and the subject during the intervention. However, it
was designed to be evaluator-blinded in order to control
for bias as much as possible. The participants were evalu-
ated by researchers who had not performed the interven-
tion or randomization.

Inclusion and exclusion criteria

Inclusion criteria: (1) patients with extravasation caused
by the intravenous infusion of 20% fat emulsion, and
(2) patients older than 18 years.

Exclusion criteria: (1) patients with extravasation caused
by the intravenous infusion of other drugs, (2) patients
with advanced malignant tumors, and (3) patients with
incomplete case data.

Experimental methods

Control group: the gauze was half spread over a kidney ba-
sin, and 20 mL of 50% magnesium sulphate was poured on
top, infiltrating the gauze. The gauze was then compressed
onto the infusion extravasation and squeezed with twee-
zers until there was no excess water liquid. The site of the
extravasation was covered, with care being taken to avoid
the puncture point, twice a day, for 20 minutes each time.

Experimental group: the phentolamine alcohol wet
dressing consisted of a non-woven fabric drug layer, a wa-
terproof and breathable layer, and a protective layer. The
drug layer was soaked with 1 mL phentolamine injection
and 5 mL 75% alcohol. The protective layer was the largest
and the drug layer the smallest.

The protective layer itself had three layers, comprising
an inner film, a thermal insulation layer, and a packaging
layer. The thermal insulation layer was between the inner
film and the packaging layer, and the edge of the packaging
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layer was connected to the edge of the inner film by hot
pressing. There was an anti-allergic medical tape inside
the waterproof and breathable edge, and the phentolamine
alcohol wet compress was sterilized using an ethylene oxide
sterilizer before use. During use, the protective layer was
placed on the affected area and fixed with the anti-allergic
medical tape with care being taken to avoid the puncture
point. The site of the extravasation was covered twice a
day, for 20 minutes each time.

Main outcome measures

The main observation indicators of this study were sex,
age, cure rate, healing time, patient satisfaction, and the
numeric rating scale (NRS) score for pain, which was
used before, in the middle, and at the end of the treat-
ment. Treatment effect categories: wet dressing efficiency,
patient satisfaction, patient pain score, and healing time
of puncture site.

The treatment effect was observed after six hours of
treatment in both groups. (1) The specific criteria for clini-
cal efficacy were as follows: remarkable effect meant that
local soft tissue swelling subsided, and redness, swelling,
heat and pain completely disappeared; valid meant that
local tissue swelling reduced, redness, swelling, pain sig-
nificantly relieved, and no burning; and invalid meant
that local tissue redness, swelling, heat and pain did not
subside, skin color did not change, and even blisters and
necrosis appeared. The total effective rate was remarkable
effect + valid/ remarkable effect + valid + invalid x 100%.
(2) The Digital Analog Self-Rating Scale worked as follows:
a straight line was divided into 10 equal segments, and the
degree of pain was evaluated from 0 to 10 points. A circle
was drawn around the number describing the most severe
pain in the previous 24-hour period. The total score was
10 points with mild pain scoring 1-3 points, moderate
pain 4-6 points, severe pain 7-9 points, and extremely
severe pain scoring 10 points. Thus, the lower the score,
the milder the pain. (3) The cure time was measured as
follows: the starting point was when the intervention mea-
sures were begun after the extravasation, and the endpoint
was the complete disappearance of the clinical symptoms
of intravenous infusion extravasation.

Statistical analysis

SPSS Statistics for Windows, Version 19.0, was used for
statistical analysis. Continuous variables of normal dis-
tribution were expressed as mean + standard deviation,
and discontinuous variables were expressed as frequency
[percentage (%)]. The t-test was used for the group com-
parisons, and the x* test was used for countable data.
A value of p < 0.05 was considered statistically significant.

Ethics approval statement
All the participants signed informed consent forms, and
the study was approved by the ethics committee of the

Hengshui People’s Hospital (No: AF/SC-08/02.0).
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RESULTS
General information

This study consisted of 155 males and 145 females, aged
18-81 years, who were randomly divided into an experi-
mental group (n = 150) and a control group (n = 150).
There were no significant differences in age, sex, weight,
body mass index, treatment method, and type of disease
between the two groups (both p > 0.05) (Table 1).

Table 1. Demographic characteristics

Experimental | Control

Index group group p
(n=150) (n=150)

Age (year, Mean + SD) 37.1+8.7 365+6.8 | 0.174
Sex [male, n (%)] 71 (47%) 76 (50.6%) | 0.094
Weight (kg) 768+10.2 |792+11.1| 0.105
Body mass index 23.1 21.7 0.099
Treatment method 0.063
Surgical treatment 115 107
Non-surgical treatment 35 43
Type of disease 0.079
Chronic intestinal obstruction 69 61
Mesenteric ischemia 43 50
Crohn’s disease 18 16
SPS’;iglp;?rrlaetri]\;e nutrition 20 23

The cure rate of extravasation of an intravenous
infusion

The cure rate of extravasation of an intravenous infusion
was 98% (147/150) in the experimental group, and this
was significantly higher than in the control group 86.7%
(130/150) (p < 0.05) (Table 2).

Table 2. The cure rate of two groups

Variables Experimental |  Control X2/t p
group group

Cure rate 147 (98%) | 130 (86.7%) | 1.63124e*°| < 0.05

sze}z'::rkable 66 59

Effective 81 71

Invalid 3 20

The cure times

In the experimental group, there were 66 patients whose
cure time was less than 24 hours, 62 patients whose cure
time was 24-48 hours, and 22 patients whose cure time
was more than 48 hours. In the control group, the cure
time was less than 24 hours in 32 cases, 24-48 hours in 51
cases, and more than 48 hours in 67 cases. The cure time
of patients in the experimental group was significantly
shorter than it was in the control group (Table 3).
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Table 3. The cure time of two groups

Effective
Group <24h | 24-48h | >48h | rate within
48 hours
Control group 66 62 22 128 (85.3%)
Experimental group 32 51 67 83 (55.3%)
X? 6.07511e-6
p <0.05
Pain

The average NRS of the patients in the experimental group
was 3.6 before treatment, 5.9 during treatment, and 7.1
after treatment. In the control group, the mean NRS was
1.1 before treatment, 4.1 during treatment, and 5.2 after
treatment. No significant difference in the degree of pain
was found between the two groups (Table 4).

Table 4. The numeric rating scale (NRS) score of two groups

Group NRS score after hydropathic compress
Control group 1.8

Experimental group 4.2

t 7.2922

p <0.05

Patient satisfaction

In the experimental group, 67 patients were very satisfied
after treatment, 52 patients were satisfied, 21 patients were
generally satisfied, and 10 patients were dissatistied. In the
control group after treatment, 32 patients were very satis-
tied, 40 patients were satisfied, 56 patients were generally
satisfied, and 22 patients were dissatisfied. The satisfaction
of patients was higher in the experimental group than in
the control group (Table 5).

Table 5. The satisfaction of two groups

el <
B 3 58| & S
> = ©.= %) © O
Group gn| & | g% | = 5.
"% 538 &| rz
o [a 8
Control group 67 52 21 10 140 (93.3%)
Experimental o
group 32 40 56 22 128 (85.3%)
X? 0.024806937
P <0.05
DISCUSSION

The outcomes showed that the extravasation cure rate of
intravenous infusion in the experimental group was sig-
nificantly higher than that in the control group. The cure
time of patients in the experimental group was significantly
shorter than that in the control group. The satisfaction of
patients increased in the experimental group when com-
pared to the control group.

Phentolamine is a kind of alpha-receptor blocker, which
can dilate blood vessels and improve blood circulation [11],
while dopamine is a vasoconstrictor. An extravasation of
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dopamine can lead to vasoconstriction of extravasated skin
tissue and skin tissue necrosis [12, 13]. Phentolamine can
antagonize the vasoconstriction of dopamine, dilating the
blood vessels of local extravasated skin, improving blood
circulation, and relieving pain, which is the only drug ap-
proved for vasopressin extravasation [14]. Although phen-
tolamine is considered the standard for extravasation in
current treatment protocols, it is often used with greater
limitations [15].

Alcohol is a vasodilator, so it can dilate blood vessels
in local tissue and improve blood circulation [16, 17]. A
hydropathic compress of alcohol has an anesthetic effect
on local tissues and nerves, thus reducing the pain suffered
by patients. Furthermore, alcohol is a bacteriostatic drug,
which can prevent local tissue infection and reduce local
reaction [18].

It was found in this study that the hollow design was ef-
fective in preventing a skin infection, which can be caused
by a hydropathic compress, at the puncture site, and the
hollow design also increased the suction and viscosity
around the site. The detachable design reduced the amount
of labor associated with the daily moving of the wet com-
press, and the replacement was more convenient. Although
the hydropathic compress position was relatively fixed, its
effect was improved. The combination of these two meth-
ods effectively dilated blood vessels, improved local blood
circulation, and reduced the contractile effect of dopamine
on blood vessels and the degree of tissue damage. It also
effectively reduced the skin pain at the exudation [19, 20],
prevented local infection, reduced the healing time, and
improved the satisfaction of patients.

Limitations: First, there was no blind method in this
study. Second, there was only a small sample size, and so a
turther trial with a larger sample size is needed. Finally, the
specific mechanism of a phentolamine alcohol wet dressing
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KnnHuuka ctyamja o Kopuwhery BAaXKHOT 3aB0ja ca GEHTONaMUH-aIKOXO/I0M
y ledekby eKCTpaBasaLmje nocne MHTpaBeHcKe uHdysuje ca 20% macHe emynsuje

— PaHAOMU30BAHO UCTPAXKUBAIbE
Oy Jyan-Bej, Jny Llen-Jyan

HapopHa 6onHunua XeHrwyu, MpBo oferberbe pexabunutalyoHe MeauuvHe, NpoBrHLMja Xebej, KuHa

CAXETAK

YBog/LUusb Linmb pafa je 610 fa ce ucnvta KnvHuYKa epuka-
CHOCT yrnoTpebe BnaKHor 3aBoja of GeHTONamMmH-akoxosa 3a
neyetbe eKCcTpaBasaluje NHTPaBEHCKY NpUMerbeHe NHy3uje
mneyHe macTu. OBa CTyAuja je oCMULLI/bEHA Kao PaHAOMMN30-
BaHO CNUTUBaHE U pafeHa je y HapogHoj 60NHMLIM XeHrluyu,
npoBuHUuja Xebej, Kuna, og jyHa 2019. go jyHa 2020.
MeTtoge YkynHo 300 60necHUKa je HaCyMUYHO NOAEe/beHO Y
[Be rpyne. Y ekcrnepvuMeHTanHoj rpyny 60necHULM Cy neyeHn
BNaXKHWM 3aBojeM 0 GeHTONaMMH-aKoXona, oK Cy Y KOHTPOI-
HOj rpyn 6ONECHNLIN NTIeYEHUN XAPOMATCKOM 0610roM ca 50%
pacTBOPOM MarHesujym-cyndara. YnopeheHu cy v aHanmsvnpaHm
cTona n3neyetrba, BPeMe r3fieyerba 1 3a0BO/bCTBO GonecHKa
13 fiBe rpyne.

Pesyntatm Crona n3neyera ekcrtpaBasaLmje MHTPABEHCKOM
nHPy3njom 6una je 92,67% (139/150) y ekcnepriMeHTanHoj
rpynu n 70,67% (106/150) y kKoHTponHoj rpynu (p < 0,05).
Y eKcneprIMeHTanHoj rpynu 6uno je 66 6onecHrKa yuje je Bpe-
Me 13neyerba 61no Make of 24 cata, 62 6onecHKa uuje je Bpe-
Me r3nedera 6vno n3mehy 24 1 48 catni 1 22 6onecHriKa umje
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je Bpeme n3nevera 6uno gyxe of 48 catn. Bpeme nsneyera
60necHVKa 610 je 3HauajHO Kpahe y eKcneprMeHTanHoj rpynu
HEro y KOHTPOJHOj rpynu. HakoH neyetsa, y eKcrneprmeHTanHoj
rpynum 67 6onecHuka je 6uno Beoma 3afoBosbHO, 52 6onecHu-
Ka cy 6una 3aaoBosbHa, 21 60NecHUK je 610 reHepanHo 3aj0-
BOJbaH, a 10 6onecHuKa je 61no He3afoBOJbHO; Y KOHTPOJIHO]
rpynu 32 6onecHuKa cy 6una Beoma 3aj0BosbHa, 40 6onecHUKa
je 6uno 3a0BoSbHO, 56 H6oNeCHMKa je 61No reHepanHo 3ag0-
BOJbHO, a 22 6onecHMKa cy 6una He3a[oBObHa. 33A0BOILCTBO
6orecHKa je 6uno 3HauajHo Behe y eKcneprIMEHTanHoj rpyni
HEro y KOHTPOJHOj rpynui.

3akmyyak Edekat ynotpebe ¢peHTONaMMH-aNnKOXONMHOT BJia-
)KHOT 3aB0ja 3a Nleyetbe eKCTpaBa3aLyje MHTpaBeHCKe HPy3uje
MJ/IEYHE MacTU 3HauajHo je 6orbi of edpekTa ynoTpebe pacteopa
MarHesujym-cyndarta, a 0Ba BpCTa 3aBoja je BpeHa KIMHNYKe
nprmeHe.

KmyyHe peun: peHTONaMMH-aNKOX0NHa BaXHa 06ora;

pacTBop MarHe3wujym-cyndarta; ekcTpaBasaLuja MacHe emyi-
3uje; cTona n3neyerba; 3a50BOSbCTBO 6oNecHKa
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SUMMARY

Introduction/Objective Acute disseminated encephalomyelitis (ADEM) is the most common demyelinat-
ing disease of the central nervous system in pediatric patients. We aimed to evaluate the clinical profile
of children with ADEM and to discern prognostic factors for disease outcome.

Methods A 20-year retrospective—prospective study was conducted in a cohort with the diagnosis of
ADEM.

Results The study included 36 patients, with range of follow-up period of 6-120 months (median of 26
months). Prior infection was reported in 72.2% of the patients. In the clinical presentation of the disease,
motor deficit was most common (81.1%), followed by ataxia (77.8%). More than a third of patients had
back and limb pain or abdominal visceral pain, which highly correlated with MRI findings of myelitis.
Abnormal brain CT findings were evident in 22.2% of the patients, and this was associated with higher
Expanded Disability Status Scale (EDSS) and quicker progression of the disease. Median EDSS was 0 at
the most recent follow-up visit, in all the patients. EDSS 0-2.5 was verified in 29 (80.6%) of the patients,
while three (8.3%) patients scored 7-9.5 at the last visit. Two patients had a lethal outcome.
Conclusions ADEM is a serious disease in pediatric patients, but with a good prognosis, which is illustrated
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by the fact that 80.6% of our patients had a complete or almost complete recovery.
Keywords: encephalomyelitis; demyelination; children; adolescents; prognosis

INTRODUCTION

Acute disseminated encephalomyelitis (ADEM)
is an immune-mediated inflammatory disorder
of the central nervous system (CNS), charac-
terized by disseminated demyelinating lesions,
predominantly in the brain’s white matter and
the spinal cord. In absence of specific biomark-
ers, a diagnosis of ADEM is based on the clini-
cal presentation and neuroradiological findings.
In 2007, the International Pediatric Multiple
Sclerosis Society Group (IPMSSG) published
consensus criteria for demyelinating disorders
of childhood, including ADEM, which was
updated in 2013 [1, 2]. These criteria have sig-
nificantly contributed to the accuracy of diag-
nosis and better management of demyelinat-
ing disorders in childhood. According to these
criteria, ADEM is an acute or subacute disease
characterized by signs of encephalopathy and
multifocal neurological deficit. Magnetic reso-
nance imaging (MRI) of the brain shows typi-
cally large, poorly demarcated white matter le-
sions, although involvement of the cortical gray

matter is not uncommon [3, 4, 5]. The disease
is usually monophasic; however, relapses are
possible [5, 6, 7].

In 50-75% of ADEM patients, there is evi-
dence of recent infection or immunization [8, 9,
10]. Most commonly, these are non-specific up-
per respiratory tract infections, which explains
a higher incidence of the disease in winter and
spring months. Inflammation is believed to be
the result of a transient immune response to my-
elin or other autoantigens through a molecular
mimicry mechanism or non-specific activation
of autoreactive T cell clones. There is numer-
ous evidence that ADEM is a T cell-mediated
autoimmune disease. The yearly incidence of
ADEM in children is estimated at 0.4-0.54 per
100,000 persons and is somewhat higher than
in adults [3, 9].

The aims of our study were to evaluate 20-year
experience from a single institution in Serbia
in treating children and adolescents diagnosed
with ADEM, and to examine relationships be-
tween clinical features, microbiology, neuroim-
aging, treatment, and outcomes of the disease.



Acute disseminated encephalomyelitis

METHODS

This is a retrospective and prospective study of all patients
diagnosed with ADEM at the Dr Vukan Cupi¢ Mother and
Child Health Care Institute of Serbia in Belgrade over a pe-
riod of 20 years, from January 1999 to March 2020. This is
a retrospective study in the period from 1999 to 2007 and
a prospective one from 2008 to 2020, after the publication
of Krupp’s criteria in 2007 [1]. Clinical information was
obtained from the inpatient medical records. Diagnosis
of ADEM was based on the definition proposed by the
IPMSSG [1, 2]. This definition was used to define the in-
clusion and exclusion criteria of our study.

The inclusion criteria were the following: 1) acute or
subacute disease onset, 2) multifocal neurological disor-
der, 3) signs of encephalopathy, defined on the basis of at
least one of the following two criteria: a) behavioral disor-
der, i.e. confusion, extreme irritability and/or b) disorder
of consciousness (lethargy, somnolence, coma), 4) neuro-
imaging-verified areas of demyelination of the CNS. The
exclusion criteria were the following: 1) previously regis-
tered lesions in the brain’s white matter, 2) other neuro-
logical disorders, 3) congenital metabolic diseases, 4) in-
fective or immunological diseases of the CNS, 5) absence
of signs of encephalopathy, 6) presence of clinically isolat-
ed syndromes like optic neuritis, transverse myelitis, and
brainstem encephalitis.

We retrospectively applied IPMSSG criteria to subjects
treated for encephalitis and myelitis in our hospital from
1999 to 2007 in order to recruit ADEM cases. After the
publishing of the IPMSSG criteria in 2007, we regularly use
these criteria in our clinical practice for diagnosing ADEM.

The following demographics as well as clinical data
were collected for each patient: sex, age, previous illnesses
in personal history (including fevers with rashes and neu-
rological diseases like febrile/afebrile epileptic seizures),
preceding infection or vaccination within 2-30 days be-
fore clinical presentation of ADEM, interval between the
previous infection/vaccination and the onset of ADEM,
season, systemic and neurological symptoms and signs,
clinical course and length of hospitalization. We evalu-
ated consciousness disorder level according to the modi-
fied Glasgow Coma Scale (GCS) score [10]. We collected
inflammation-related laboratory parameters (sedimenta-
tion, C-reactive protein, leukocyte count), cerebrospinal
fluid (CSF) samples (cytological, biochemical, and bacte-
riological). An extensive work-up for bacterial and viral
infections was performed. Bacteriological cultures and
serological testing for numerous infectious agents in the
serum and the spinal fluid, as well as by direct detection
of DNA through the polymerase chain reaction for the
herpes simplex virus (HSV) and the Epstein-Barr virus
(EBV). Antibody titers were determined in the serum and
the spinal fluid for the following agents: HSV1, HSV2, EBV,
cytomegalovirus, varicella zoster virus, morbilli virus, ru-
bella virus, Mycoplasma pneumoniae, Borrelia burgdorferi
and seldom human immunodeficiency virus. The comple-
ment attachment reaction was used to test the possibility
of an infection by the following viruses: influenza A and
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B, parainfluenza 3, adenoviruses, and lymphocytic cho-
riomeningitis virus. A few patients were tested for serum
anti-N-methyl D-aspartate (NMDA) receptor antibodies
(anti-NMDAR) and anti-aquaporin-4 antibodies.

Computed tomography (CT) and MRI of the brain and
the spinal cord were performed initially and during the fol-
low-up of patients. Large, confluent or tumefactive MRI le-
sions > 2 cm were considered severe. Electroencephalogram
(EEG), nerve conduction studies, visual evoked potentials
and brainstem evoked response audiometry were analyzed.
The Kurtzke Expanded Disability Status Scale (EDSS) was
applied for assessment of the level of neurological damage
during follow-up [11]. The main outcomes in the focus of
our study were EDSS and patient survival.

Statistical analysis

Mann-Whitney test was used to compare the differences
between two groups with non-parametric data. We used
Pearson’s x° test in the form of contingency tables to analyze
two attributive properties. Correlation of non-parametric
variables was established by Spearman correlation method.
To identify predictors of EDSS score at the last follow-up
visit, we used the linear regression analysis, while logistic
regression was used to assess risk factors for a fatal out-
come. Independent variables were selected for regression
analysis on the basis of previous knowledge of risk factors,
assessment of potential other risk factors related to pediat-
ric age, and also those variables that could affect the con-
clusions as confounding factors. In all analytical methods
applied, the significance level was 0.05.

The study protocol was in accordance with the tenets
of the Declaration of Helsinki and its later amendments.
The study was approved by the Ethics Committee of our
institution.

RESULTS

Thirty-six patients who met the inclusion criteria for ADEM
were included in this study. Mean age of patients was 6.7
years (SD 3.58, median 5.7 years), ranging from six months
to 14.2 years. The sex distribution was equal (1:1) among
the patients older than 10 years, while in younger patients,
male sex was more prevalent (1.5:1) (p > 0.05). Prior infec-
tion was reported for 26 patients (72.2%): respiratory illness
in 14 (38.9%), non-specific febrile episode in five (13.9%),
gastrointestinal infection in four patients, while rubella,
varicella, and dental infection were reported in single pa-
tients. Previous acute infections of the upper respiratory
tract and gastrointestinal tract were viral non-specific in-
fections. There were no patients with recent vaccination.
No trigger was identified in 10 patients (27.8%). The me-
dian period between the occurrence of the triggering event
and the onset of ADEM was seven days (range 2-30 days).
The shortest latency was found after non-specific respi-
ratory illness (median seven days) and the longest after
non-specific fever (15 days), (p > 0.05). The presence of
the trigger was associated with significantly lower EDSS in
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comparison with patients without an identifiable trigger-
ing factor for ADEM (p < 0.05). The presence of a trigger
did not significantly affect survival (p 0.524). The majority
of patients are diagnosed in winter (38.9%) and summer
(25%) months, but the seasonal variation did not reach the
point of statistical significance (p > 0.05). The overview
and frequency of clinical manifestations of ADEM in the
studied group are shown in Table 1.

Table 1. Initial signs and symptoms of acute disseminated encepha-
lomyelitis

Signs and symptoms Frequency n (%)
General signs and symptoms

Fever 25 (69.4)
Headache 22 (61.1)
Vomiting 19(52.8)
Pain (back, legs, abdomen) 14 (38.9)
Respiratory manifestations 9(25)
Neurologic signs and symptoms

Altered consciousness 36 (100)
Ataxia 28 (77.8)
Speech disturbance 27 (75)
Cranial neuropathy 19 (52.8)
Tetraparesis/tetraplegia 16 (44.4)
Hemiparesis/hemiplegia 8(22.8)
Nystagmus 7(19.4)
Paraparesis/paraplegia 5(13.9)
Senzory neuropathy 5(13.9)
Seizures 5(13.9)
Extrapyramidal signs 4(11.1)

Median time period from signs and symptoms’ onset to
the maximum of the clinical manifestations was 3.5 days
(range 0-13). The rate of the disease progression did not
significantly affect survival (p > 0.05). Moreover, there
was no significant correlation between the period of dis-
ease progression and final EDSS (p > 0.05). The modified
pediatric GCS ranged 3-14, with a median value of 11.
Deep comma (GCS < 8) developed in 30.6% of patients,
moderate affection of consciousness (GCS 9-12) in 41.7%,
and mild affection of consciousness (GCS > 13) in 27.8%.
There was no significant correlation between GCS and
EDSS (p > 0.05). The length of hospital stay ranged 8-100
days, with a median of 28 days. Survival was not signifi-
cantly affected by the length of hospitalization (p = 0.284).
Additionally, the length of hospitalization showed no sig-
nificant correlation with EDSS (p = 0.493).

CSF analysis was done in 34 patients. CSF cell count
ranged 1-63 cells/ml with the median value of 6.5.
Pleocytosis was found in 23 (67.6%) patients, with pre-
dominance of mononuclear cells. Glycorrhachia ranged
2.1-5.4 mmol/L with a mean of 3.81 mmol/L (SD 1.1).
There were no patients with hypoglycorrhachia. CSF pro-
tein concentration ranged 137-780 g/L, with a median of
283.5 g/L. Elevated CSF proteins were found in 27.2% of
patients. Spinal fluid cultures were sterile in all patients
(100%). EDSS correlated significantly with CSF protein
concentration (Spearman correlation coefficient = +0.39,
p = 0.02) and negatively with CSF glucose concentration
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(Spearman correlation coefficient = -0.43, p = 0.01). OCB
(oligoclonal bands) analysis in CSF and serum was done
in 20 patients and was positive in four patients. One child
had OCB only in CSE while three patients had OCB in
both CSF and serum.

Almost two-thirds (64.9%) of patients had diffusely
slow EEG activity, while focal slow activity was found in
13.5%. There was no statistically significant difference of
EDSS or GCS in regard to EEG findings (p > 0.05). Initial
EEG features showed no significant association with later
occurrence of epilepsy (p > 0.05).

Median time from disease onset to first CT scan was three
days. Abnormal brain CT findings (oedema or hypodense
lesions) were evident in 22.2% of patients. Abnormal brain
CT scan was associated with higher EDSS (3.19 vs. 1.48).

Initial brain MRI scan was performed at median time
of 10 days (range 2-98) after the symptoms’ onset in 34
patients. Gadolinium enhancement was found in 36.1%
of initial MRI scans with severe pathologic changes pres-
ent in 61.1%. Patients with large and confluent brain le-
sions with mass effect did not have significantly different
final EDSS when compared to patients with small brain
lesions on MRI (p > 0.05). Furthermore, the presence of
gadolinium enhancement was not found to affect EDSS
(p > 0.05). Children with MRI lesions of spinal cord more
commonly experienced pain (71.4%) when compared to
children with normal spinal cord MRI (18.2%) (Pearson
x*> =10.21, p = 0.001). Control MRI scans (median of 92
days after disease onset) showed regression of all changes
in 83.3% of patients, stable findings in 8.3%, and worsening
in further 8.3%. Overview of the localization of brain MRI
lesions observed in studied patients is presented in Table 2.

Table 2. Localization of brain magnetic resonance imaging (MRI) le-
sions in patients with acute disseminated encephalomyelitis

Brain MRI changes Frequency n (%)
i:lal?é:rrtical and deep white 24 (66.7)
Brainstem 20 (55.6)
Periventricular white matter 15 (41.7)
Basal ganglia 14 (38.9)
Spinal cord 14 (38.9)
Thalamus 12 (33.3)
Cerebellum 12 (33.3)
Cortical grey matter 8(22.2)
Capsula externa 8(22.2)

Antibacterial and antiviral treatments were administered
until an infectious disease process was ruled out. Therapy
for brain edema was universally administered. Most com-
monly used drug for the treatment of our patients was
methylprednisolone in 80.6% of the cases, followed by dexa-
methasone in 13.9% and intravenous immunoglobulins in
25% of the patients. Therapeutic plasma exchange (TPE)
was administered in two patients (5.6%). Corticosteroids
were the first line of therapy in all the patients and initi-
ated 1-45 days after the onset of the disease (median of
eight days). There was no significant correlation between
the length of treatment delay and final EDSS (p > 0.05).
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The analysis of the complications of the disease shows
that three children had urinary tract infection, two chil-
dren had pneumonia, while sepsis, cardiopulmonary ar-
rest, and thrombophlebitis of deep leg veins were found
in single patients. Mechanical ventilation due to coma was
used in six children over a period ranging 8-40 days (me-
dian of 21.8 days).

Outcomes

Only eight patients (22%) had normal neurological status
at discharge, while 56% of the patients had completely nor-
mal findings at the most recent neurological exam. Median
EDSS was found to be 0 at the most recent follow-up visit
for surviving patients, after the range of follow-up period
of 6-120 months (median of 26 months). EDSS in a range
of 0-2.5 was verified in 29 (80.6%) patients, while three
(8.3%) patients scored 7-9.5. Most recent neurological ex-
amination showed normal findings in 20 patients (55.6%)
without any consequences and was abnormal in 14 pa-
tients. The frequency of different neurological sequelae is
represented in Table 3. In our sample of subjects, ADEM
caused two lethal outcomes. One patient died during the
acute stage of the disease. In the second patient with le-
thal outcome, criteria for ADEM were initially present,
but during the follow-up period the diagnosis of multiple
sclerosis was established. We do not have more detailed
data about the death of the patient with MS, because he
died in another hospital.

Table 3. Frequency of neurological sequelae in acute disseminated
encephalomyelitis patients at the most recent follow-up visit (median
of follow-up period 26)

Neurologic signs and symptoms Frequency n (%)
Cognitive impairment 8(22.2)
Epilepsy 5(13.9)
Hemiparesis/hemiplegia 5(13.9)
Paraparesis/paraplegia 3(8.3)
Tetraparesis/tetraplegia 3(8.3)
Visual impairment 2(5.6)
Hearing impairment 2(5.6)

Patients treated before the publication of Krupp’s crite-
ria had significantly higher EDSS score in comparison to
the group of patients treated after 2007 (p = 0.003). This
finding was further supported by linear regression anal-
ysis showing that EDSS was significantly affected by the
time period when the treatment was initiated. When bi-
nary regression was used to assess the impact or multitude
of potential risk factors (demographic and clinical) to the
lethal outcome of ADEM, not any factor was significantly
affecting survival.

DISCUSSION
Our study is the first study aimed at evaluating pediatric
patients with ADEM in the Serbian population. Our main

goal was to assess the long-term outcomes of pediatric
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patients suffering from ADEM and prognostic factors for
disease outcome.

The mean age at disease onset in our cohort was 6.7 years,
which corresponds well to previously reported range (3.6-7
years) [12, 13, 14]. The sex ratio was equal in the cohort as
a whole, while there was a predominance of males under
the age of 10. A number of studies also showed an equal
sex ratio among patients [13], but several authors reported
male prevalence, especially at younger age [14, 15, 16], as
in our study. Precipitating event over a four-week period
before the onset of the clinical picture of ADEM was reg-
istered in 72.2% of the cases, similar to previous researches
[14, 17]. There was no case with previous vaccination, un-
like in some previous studies [3, 4]. Children with ADEM
occurring after infection had a better long-term outcome
compared to cryptogenic cases; in fact, analysis showed
significantly lower final EDSS in the postinfectious group
of patients (mean of 2.6) when compared to cryptogenic
cases (mean of 1.4).

Tenembaum et al. [18] reported that neurological symp-
toms worsened after a mean period of 4.5 days in their group
of 84 patients, while in our study that period averaged 3.5
days. Nishiyama et al. [19] presented the detailed clinical
course of 24 pediatric ADEM patients in Japan and estab-
lished that neurological progression typically took 4.1 + 3.7
days with improvement onset on day 7 + 4.5.

Each subject in our study had two or more general
disease symptoms or signs, the most common being fe-
ver, headache, and vomiting, similar to other studies [13].
Motor deficit was most common (81.1%), which was also
suggested by the majority of other published studies [10,
18, 20]. The initial presentation of the disease revealed
that ataxia was found in a high percentage (77.8%) of the
patients, but its presence did not affect EDSS significantly
in the studied group. More than a third of our patients had
back and limb pain or abdominal visceral pain, which was
highly correlated with MRI findings of myelitis. The pain
existed in 72% of our patients with MRI lesion in the spi-
nal cord, while Barakat et al. [21] detected pain in 88% of
24 children with acute transverse myelitis. The pain in de-
myelinating disorders is the result of damage of the spino-
thalamic pathway or the dorsal column of the spinal cord.
There is little research regarding pain in pediatric spinal
cord demyelinating disease, in contrast to adult popula-
tion. Barakat et al. [21] conducted research on pain and
new quantitative MRI techniques (diffusion tensor imag-
ing, magnetization transfer imaging) for spinal cord ex-
amination in children with demyelinating disease, which
may be useful for monitoring the efficacy of management
for myelitis in the future.

Interesting fact is that EDSS correlated significantly
positively with CSF protein concentration and negatively
with CSF glucose concentration, which could mean that
higher degree of inflammation has adverse influence on
disease outcome. OCB were positive in serum and CSF in
three patients (15%), of 20 patients who were tested. One
of them had OCB in CSF only and not in the serum. This
patient developed MS later on. According to Dale et al.
[20], out of their 35 patients, six (17%) had positive OCB
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in CSE Intrathecal oligoclonal bands were only present
in 0-20% of the cases in other studies [3, 13]. It would be
important to determine the biochemical markers in the
CSF on the basis of which we could predict the outcome
of the disease, in future research. We have not been able
to determine the presence of anti-MOG antibodies in the
cerebrospinal fluid before; however, it has been shown that
MOG-Abs were identified in 33-66% of pediatric patients
with ADEM [12, 22]. Rossor et al. [23] demonstrated that
a higher relapse rate in children with MOG-Ab-associated
ADEM, and a trend towards a greater risk of post-ADEM
epilepsy. However, MOG-Ab alone are not sufficient to in-
duce the disease. Proinflammatory cytokines are of great
importance in the process of pathogenesis [24].

Hypodense CT lesions in the first days of the disease
in our patients were associated with faster progression of
the disease and poorer outcome. Brain edema was present
on CT scan in one patient who died in the acute phase of
the disease. Although we know that MRI is a much more
sensitive method for detecting demyelinating lesions in
ADEM [15], CT images can also be very important in the
early diagnosis of brain edema. Distribution of demyelin-
ating MRI lesions in our study was similar to other studies
[13, 20, 25]. We failed to prove that there was a significant
association between the extensiveness of lesions on brain
MRI and the final outcome of the disease. Most recently
repeated MR scans (median of 92 days after disease onset)
in our study showed regression of all changes in 83.3% of
patients, in accordance with data from other studies [10, 15].

Our first-choice treatment was i.v. administration of
methylprednisolone in high doses for five days, followed
by oral administration of prednisone in tapering doses. In
case of failure to achieve significant clinical improvement
early after starting corticosteroid therapy, intravenous im-
munoglobulins (IVIG) were used as the second treatment
line. TPE was applied in two patients, with poor recovery
from corticosteroids and IVIG and proved to be a very suc-
cessful therapy. If there was no improvement within two
weeks after IVIG administration, we decided to apply TPE.
We applied five sessions of TPE on alternate days. There
are no studies comparing the efficacy of corticosteroids,
IVIG, and plasmapheresis.

In accordance with previous studies, our study asserts
that children with ADEM have mostly favorable outcome
[3, 15, 26]. Patients who developed epilepsy during the fol-
low-up period did not have seizures in the acute phase of
the disease. Five patients had acute attacks, but only one of
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AKYTHU AUCEMMHOBAHU eHLepanomMmujenuTuC Ko AeLie 1 agonecueHara
— ABafleCceToroAuLLHbE UCKYCTBO Y jeaHOM LeHTpy Y Cpbuju

Cnasuua OcTojuh'?, Pyxuua KpasrbaHal'?, ToppaHa Kosauesuh'?, burbana Byuetnh-Taguh'?, CnobopaH fasnkanosuh?,

AnpvjaH Capajnnja**

'YHuBep3utet y beorpagy, IHCTUTYT 3a 3gpaBCTBEHY 3alwTuTy Majke v aeteta Cpbuje, [p BykaH Yynuh’, Ogembetrse Heyponoruje, beorpag,

Cpbuija;
Ynusepautet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;

*YHuBep3uTet y beorpapy, HCTUTYT 3a 3gpaBCTBEHY 3awwTnTy Majke 1 aeTeta Cpbuje, [p Bykan Yynuh', Onemberse papuonoruje, beorpag,

Cpbuija;

*YHuBep3uTeT y Beorpagy, VIHCTUTYT 3a 34paBCTBEHY 3alWTUTY Majke U feteta Cpbuje, [p BykaH Yynuh', Operberbe gHeBHe 6onHuLe,

Beorpag, Cpbuja

CAXETAK

YBog/Lnm AkyTHU grucemmHoBaHmn eHuedbanomujenutic (ALEM)
HajueLwha je aemMujenHU3aLoHa 60NecT LeHTPanHoOr HepBHOT
cucTeMa Kog nepmjatpujckmx 6onecHuka. Livb Hawer paga je
6110 1a NPOLIEHMMO KSIMHUYKe KapaKTepucTuke gele ca AJEM
1 la yCTaHOBUMO NPOrHOCTUYKe pakTope 3a ncxopn bonectu.
Metoae CnpoBefieHa je 4BafeCETOroANLLIHa PETPOCNEKTNBHO-
npocneKTUBHa CTyAMja y KOXopTy 6onecHnKa ca AnjarHo3om
ALEM.

Pesynrtatu Ctynuja je obyxsatuna 36 601ecHUKa, ca nepruofom
npahema 6-120 meceumn (MegujaHa 26 meceun). MpeTxogHa
NHOeKUMja je NpujaB/beHa Kop 72,2% 6onecHnKa. Y KINUHUYKO]
npeseHTaumju 601ecTi MOTOPHU JednunT je 61o Hajuewhn
(81,1%), a 3aTvim aTakcuja (77,8%). Buwe op TpehnHe 6onecHuKa
je umano 6on y nehrma 1 ekcTpemMuTETIMA UM a6AOMUHANHI
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BUCLiepasiHU 6011, WTO je 6uno y BUCOKOj Kopenauuju ca MP
Hanasuma mujenutrca. AGHopmanHu Hanasu KT mo3ra cy onu-
CaHU Kog 22,2% 60necHIKa, LWTO je 610 yapyKeHO ca BULIMM
CKOpPOM Ha MpoLUNpPeHO;j CKanu cTeneHa OHeCnocobsbeHOC T
(Expanded Disability Status Scale, EDSS) n 6pxum HanpegoBarbem
6onectn. MegujaHa EDSS 3a Lieny KOXopTy Ha NOCNeAHEM KOH-
TponHom npernegy je usHocwna 0. Kog 29 (80,6%) 6onecHrKa
EDSS ce kpeTao y oncery 0-2,5, pok cy Tpu (8,3%) 6onecHuka
1mana ckop 7-9,5. [1Ba 6onecHuKa cy uMana netanHu NCXOA.
3aKk/byyaKk AKyTHU JUCEMUHOBaHN eHLedanomMujennuTuc je
0361sbHa 6oMecT Ko neamjaTpujckmx 6onecHnka, anv ca ao-
6pOM NPOrHO30M, LUTO UNYCTPYje nofaTtak Aa je 80,6% Halumx
6051eCHUKA MMAJIO MOTMYHW WU CKOPO MOTMYHY OMOPaBak.
KmbyuHe peun: eHuedanomujenntic; aemvjenuHnsasmja; aeua;
afonecLeHTn; NporHosa
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SUMMARY

Introduction/Objective The aim of this study was to investigate the distribution of genotypes and alleles
of proinflammatory cytokines TNF, IFN-y, and IL-12 and their effect on the development of a cervical ill-
ness and also to determine their associated influence with cofactors in HR HPV-positive women in Serbia.
Methods We have investigated 24 women and based on the cytological findings they were classified
into four groups: PAP II, ASCUS, LSIL, and HSIL. Analysis of TNF, IL-12, and IFN-y polymorphisms was per-
formed using the real-time PCR TagMan method. Statistical analysis was performed using parametric
and non-parametric tests and correlation and multiple regression analysis.

Results Significantly higher frequency of high production-related TNF AA genotype was observed in
severe dysplasia. The correlation between TNF gene polymorphism and cervical findings were highly
significant. There was a moderate, significant correlation between low production IFN-y AA genotype
and earlier cervical infections. There was a significant correlation between the IL-12 polymorphism of
the low production IL-12 AA genotype and cervical lesions.

Conclusion Results of this study show that HSIL is associated with significantly higher frequency of
high production TNF AA genotype. It is known that polymorphisms of certain cytokine genes encoding
proteins involved in Th1 and Th2 cellular responses may be associated with better or worse prognosis
of cervical disease in women with persistent HR HPV infection. Therefore, they may be considered as

biomarkers that may have a predictive role in the development of cervical cancer.
Keywords: cervical cancer; cofactors; gene polymorphism; TNF; IFN-y; IL-12

INTRODUCTION

Cervical cancer is the fourth most frequent
cancer in women with an estimated 604,000 new
cases in 2020. Of the estimated 342,000 deaths
from cervical cancer in 2020, about 90% of these
occur in low- and middle-income countries.
This frequency varies by geographical areas and
ranges 17.2-55 per 100,000 women [1, 2, 3].
This tumor is highly correlated with infection
by highly oncogenic types of human papilloma
virus (high-risk HPV, HR HPV), which are the
most common sexually transmitted pathogens
[4, 5]. Since Harald zur Hausen proved the pres-
ence of highly oncogenic HPV types 16 and 18
DNA in cervical cancer cells in the early 1980s,
it was clear that HPV infection is the key factor
in its emergence [5, 6, 7]. In a majority of cases
(> 80%), a spontaneous regression of changes
occurs and the virus is eliminated within two
years of initial infection. However, in a minor-
ity of cases persistent infection is established,
from which 25% of infected women develop
cervical intraepithelial neoplasia in the first
degree (CIN I), with further progression (CIN

II/1IT). Cervical cancer would develop in 10%
of all patients and in 1% of HR HPV-positive
women over a number of years [6, 8].

Recently, more attention has been dedicated
to the role of genetic predisposition in the de-
velopment of cervical cancer associated with
various predisposing environmental cofactors.
Genome-wide association studies have discov-
ered a vast number of genes whose individual
alleles are associated with a predisposition to
develop cervical cancer. There are still contradic-
tory data from different research teams, related
to different ethnic populations and geographical
areas, on polymorphisms in genes encoding
proteins involved in the functioning of the Th1
and Th2 cellular response and their role in the
pathogenesis of emerging HR HPV cervical
cancer [9, 10]. Single nucleotide polymorphisms
(SNPs) in genes encoding relevant proinflam-
matory cytokines, such as tumor necrosis fac-
tor (TNF), interferon-gamma (IFN-y), and
interleukin-12 (IL-12), are becoming highly
significant genetic markers for assessing the
risk of developing cervical cancer associated
with HR HPV [11, 12].
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SNP at position -308 in the promoter region of the
TNF gene (rs1800629) G/A, is highly correlated with CIN
I associated with HR HPV. TNF plays an important role
in various inflammatory diseases as one of the most im-
portant proinflammatory cytokines. It is considered that
presence of A allele at the -308 TNF gene locus, which
is a high secretory TNF phenotype, could have a strong
influence on the development of HR HPV cervical cancer
[13]. Studies show elevated TNF serum levels in women
with CIN in comparison with healthy women. Also, AA
genotype at the -308 locus of the TNF gene carries a higher
risk for developing cervical tumors compared to GG and
GA genotypes. A meta-analysis confirmed an increased
risk of developing cervical cancer in the presence of the A
allele, especially the AA genotype [14, 15].

IFN-y is one of the most important Th1 immune modu-
lators with antiviral and antitumor role. SNP at position
+874 T/A (rs62559044) located in the first intron of the
IFN-y gene is associated with increased production of IFN-y
and effective defense against HPV infection, while its low
level, which is present in cervical cancer, is associated with
a poor prognosis [16, 17]. The DNA sequence containing
the +874 T allele has a binding site for NF-kappa B-like
transcription factor [18, 19]. Literature data shows that the
presence of the T allele correlates with increased IFN-y
expression, thus reducing the cervical cancer risk, while a
low secretory +874 IFN-y AA genotype is associated with
a high risk for developing HR HPV cervical tumors [7].

IL-12 is a heterodimer composed of two subunits - p35
(IL-12A) and p40 (IL-12B). Inheritance of functional SNP
variants of this gene, which is associated with the destruc-
tion of cancer cells, leads to changes in expression, which
also affects the function of other cytokines that are under
its regulation. IL-12 stimulates the production of IFN-y by
signaling the molecular cascade, while inhibiting IL-4, which
suppresses IFN-y synthesis and stimulates the protective
Thl immune response. SNP at the +1188 A/C position
in the 3’UTR region of the IL-12B gene (rs3212227) has
been associated with a predisposition to cervical cancer in
women with HPV HR. The AA genotype is also thought
to be associated with the progression of HR HPV lesions
in cervical cancer [20, 21].

The aim of this study was to investigate the distribution
of genotypes and alleles of proinflammatory cytokines TNE
IFN-y and IL-12 and their correlation with the grades of
cervical illness. We also wanted to determine which geno-
types possess a protective or favoring significance for the
development of cervical cancer.

METHODS

From the patient registered with HR HPV positive cervical
samples at the Institute of Microbiology and Immunology
in Belgrade, Serbia, 24 patients were selected based on avail-
able colposcopic and cytological status determined during
gynecological examination. Based on a Pap cytological
findings and according to the Bethesda classification (2001),
the patients were classified into four groups: women with
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normal cervical cytology or negative for intraepithelial
lesion or malignancy (NILM) as control group; women
whose cytology was defined as atypical cells of unknown
origin (ASCUS); patients with low-grade squamous intraepi-
thelial lesion (LSIL) or CIN I, corresponding to the slight
changes in the cervical epithelium or koilocytosis (cells with
perinuclear enlightenment indicative of HPV infection),
and women with HSIL corresponding to moderate and/or
severe cervical dysplasia (CIN II/III). The interview-based
questionnaire was administered to all the participants in-
volved in the study. It queried basic information about the
patient, socio-demographic and behavioral data, patient’s
reproductive history, sexual habits, morbidity from other
sexually transmitted diseases (STD), and other informa-
tion of significance for HPV-related cervical disorders. To
determine cytokine gene polymorphism, 5 ml of peripheral
blood was taken from the patients using appropriate tubes
(Becton Dickinson, New Jersey, USA) with anticoagulant
ethylenediaminetetraacetic acid (EDTA), and has been trans-
ported within four hours to the Laboratory of Immunology
of the Institute of Microbiology and Immunology, Faculty
of Medicine, University of Belgrade, for further procedures.

Detection of TNF, IFN-y, and IL-12B gene
polymorphisms

DNA extraction

Genomic DNA was isolated from peripheral blood that
had been sampled in tubes containing EDTA, using the
Gene JET Whole Blood Genomic DNA Purification Mini
Kit (Fermentas Thermo Fisher Scientific Inc., Vilnius,
Lithuania) according to the manufacturer instructions.

SNP detection

Detection and analysis of the TNF -308 G/A (rs1800629)
and IL12-B +1188 A/C (rs3212227) polymorphisms were
performed using real-time PCR with commercial TagMan
probes (Applied Biosystems Inc., Foster City, CA, USA) and
Maxima Probe gPCR Master Mix (Fermentas Thermo Fisher
Scientific Inc.), according to the manufacturer instructions
[22]. The IEN-y +874 T/A (rs2430561) polymorphism
was determined as previously described [23]. The thermal
cycling conditions were 95°C for four minutes, followed by
40 cycles that were run for 15 seconds at 95°C, one minute
at 55°C, and for 20 seconds at 68°C. Fluorescence readings
were done at 68°C.

Written informed consent was obtained from all the
women enrolled in the study. The protocol of the study was
reviewed and approved by the Ethics Committee, Faculty of
Medicine, University of Belgrade, decision number 29/XI-2.

Statistical analyses

Comparisons between genotype and allele frequencies in
different populations were performed using the Pearson’s
X’ test, Fisher’s exact test, or the Kruskal-Wallis test, fol-
lowed by the Mann-Whitney U test, as appropriate. All
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genotype frequencies were in Hardy—Weinberg equilibrium.
Significance of differences was carried out at the probability
level of p < 0.05.

RESULTS

Distribution of proinflammatory cytokine allele
and genotype frequencies in cytological findings

The distribution of proinflammatory cytokine genotype
frequencies in cytological findings is shown in Table 1.
Statistical analysis of the significance of differences between
the groups showed a significantly higher incidence of AA
high secretory genotype of TNF cytokine (AA genotype,
TNF gene, 75%, p = 0.010) only in cases of moderate and/
or severe cervical dysplasia.

Table 1. Distribution of proinflammatory cytokine genotype
frequencies in cytological findings

Cytology results
Genotype NILM ASCUS LSIL HSIL p
n % n % n % n %
GG 6 [857| 5 |714] 5 |833| 0 0
TNF | GA 1 |143] 2 |286| O 0 1 25 | 0.010%
AA*| O 0 0 0 1 1167 3 75
IFN-y |[AA°| 1 |143| 4 |571| 3 |500| O 0
AT 5 (714 2 |(286| 1 |16.7| 4 |100| 0.572
T 1 (143 1 |143| 2 |333| O 0
IL-12 |AA°| 5 |714] 2 |286| 3 | 50 | 2 | 50
AC 2 |286| 5 |714] 2 |333| 2 50 | 0.513
CcC 0 0 0 0 1 1167 O 0

* - high production; ° - low production; LSIL - low-grade squamous intraepi-
thelial lesion; HSIL - high-grade squamous intraepithelial lesions; ASCUS

- atypical squamous cells of undetermined significance; NILM - negative for
intraepithelial lesion or malignancy

*statistically significant - p < 0.05

In other groups of cytological findings (NILM, ASCUS,
LSIL), allele distribution of the TNF gene did not differ
significantly. The typical GG genotype dominance (72-86%)
and an extremely rare occurrence of AA genotype was
detected in all other groups.

In the analyzed sample, no significant difference was con-
firmed in the distribution of IFN-y and IL-12 alleles in the
control (NILM) and other groups (p = 0.572 and p = 0.513).

Low incidence of homozygous AA genotype of IFN-y,
which could, as hypothesized, pose an increased risk of
cervical cancer, was slightly more common in ASCUS
and LSIL groups (57.1% and 50%, respectively). The het-
erozygous AT genotype was predominant in the control
group, but also in the group with HSIL findings (71.4%
and 100%, respectively).

We got similar results for the distribution of IL-12 geno-
types, such as that NILM (control group) had the highest
frequency of homozygous AA genotype (71.4%), while the
ASCUS group showed the same frequency of AC genotype
of this gene (71.4%). High-risk low production AA genotype
was detected in 50% of LSIL and HSIL cytological findings.

In order to achieve better overview of the distribution and
influence of homozygous genotypes, we grouped them with
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respect to their heterozygous combinations and compared
them according to the cytological findings in the control
and other groups (Table 2).

Table 2. Distribution of proinflammatory cytokine genotype of high
and low production according to the cytological findings in the control
and other groups

Control group and other results
Genotype NILM ASCUS, LSIL, HSIL
n % n %
GG+ GA 7 35 0 0
TNF
AA* 13 65 4 100
AA° 10 62.5 7 87.5
IFN-y
AT+TT 6 375 1 125
12 AA° 10 83.3 7 58.3
AC + CC 2 16.7 5 41.7

* - high production; ° - low production; LSIL - low-grade squamous intrae-
pithelial lesion; HSIL - high-grade squamous intraepithelial lesions; ASCUS
- atypical squamous cells of undetermined significance; NILM - negative for
intraepithelial lesion or malignancy

*statistically significant - p < 0.05

Despite the high production TNF AA genotype being
present in 65% in the control group of HR HPV-positive
women without cytological changes, compared to all the
other groups, statistical significance was not detected
(p = 0.160).

The low production AA genotype of IFN-y, which could
potentially pose an increased risk of developing cervical
cancer, was more prevalent in all other groups (87.5%)
compared to the control group (65%) (p = 0.204).

The AA low secretory genotype of the IL-12 gene is
mostly present in the control group (83.3%), compared to
all others (58.3% — ASCUS, LSIL, HSIL), but statistically
significant difference in this case was not proved (p = 0.178).

Previous analysis proved that, in the tested sample of
proinflammatory cytokine gene polymorphisms, the mere
presence of TNF AA genotype showed a statistically signifi-
cant association with the progression of cervical dysplasia
in HR HPV infection.

Correlation between cofactors and
proinflammatory cytokines gene polymorphisms
and their associated impact on the onset of
cervical dysplasia

In the continuation of the statistical analysis, we applied the
correlation and multiple regressions analyses to examine the
correlations between polymorphisms and analyzed cofactors
including environmental and behavioral cofactors such as
high parity, oral contraceptives, tobacco smoking, infection
with other STDs, early sexual intercourse, promiscuity,
poor socio-economic conditions, dietary and nutritional
factors, etc. Table 3 shows only the significant correlations
of polymorphisms found in the studied group in relation
to the tested cofactors.

TNF is related to cytological findings through a strong,
significant and positive correlation coefficient. This means
that a higher incidence of high production AA genotype
occurs with less favorable cytological findings.
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Table 3. Correlations of polymorphism with cytology results, previous
infections, and cervical trauma

Cytology results, previous infections, and
cervical trauma P
TNF cytology results
Spearman Correlation 0.592
Sig. (2-tailed) 0.002*
IFN-g
Spearman Correlation -0.472
Sig. (2-tailed) 0.020*
IL-12 cervical trauma
Spearman Correlation -0.444
Sig. (2-tailed) 0.030*

*statistically significant - p < 0.05

Table 4. High-grade squamous intraepithelial lesions prediction model
based on proinflammatory cytokine polymorphisms

Prediction model HSIL B Std. error t p

(Constant) 0.229 0.172 1.333 0.198
TNF polymorphism 0.738 0.257 2.873 0.009*
IFN-g 0.007 0.201 0.034 0.973
IL-12 polymorphism 0.124 0.194 0.640 0.529

B - regression coefficient; HSIL - high-grade squamous intraepithelial lesions;
*statistically significant - p < 0.05

Table 3 shows that there is a moderate but significant
relationship between IFN-y gene polymorphism and previ-
ously infections of the cervix. A negative sign of correlation
(-0.472), indicates that low production of this cytokine is
related to a greater number of previous cervical infections
and vice versa.

The association between IL-12 production, represented
by low production genotype, and the occurrence of cervical
lesions is indicated by a negative and significant coefficient
(-0.444.) This means that the high-risk low production AA
genotype of the IL-12 gene is greatly correlated with the
presence of cervical lesions.

The model for multiple regression analysis showed
whether any of the polymorphisms examined may serve
as potential genetic biomarker of susceptibility to cervical
cancer in women with persistent HR HPV infection. In this
regard, the occurrence of HSIL as a severe form of cervical
dysplasia was taken as a dependent variable in relation
to all the variables analyzed (Table 4). Through variance
reduction, the step-by-step selection process identified
only one significant predictor, namely the high produc-
tion AA TNF genotype. This TNF gene polymorphism is
significant in predicting the onset of HSIL in women with
HR HPV infection.

DISCUSSION

In our previous study, a total of 541 women were pro-
cessed and tested for the presence of HPV, out of which
105 were HPV-positive (19.4%) and 84 (15.5%) were HR
HPV-positive [24]. The final investigated group included
84 women infected with HR HPV who were classified into
four subgroups according to their cytological status of the
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cervix. The interview-based questionnaire which queried
information of significance for HPV-related cervical dis-
orders was administered to all the participants involved
in the study. The cofactors found to be of significance in
older age (46.7 + 12.2 on average), body mass index > 25,
lower educational level, long-term smoking (more than 20
years), previous genital infections and cervical interventions.

This study showed that, among the different groups of
cytological findings, only the high production AA TNF
genotype occurred with a significantly higher incidence in
women with lesions of moderate to severe intensity. There
was no significant difference between the other groups,
both in genotypes determining TNF gene expression and
in IFN-y and IL-12 gene expressions. AA genotype pre-
vailed in the lesions of moderate to severe intensity while
in the other groups (PAP II, ASCUS, LSIL), the GG geno-
type was detected in 72-86% of findings. Correlation and
multiple regression analysis showed that there was a highly
significant, positive correlation coefficient between TNF
and associated cytological findings. This means that the
high production genotype of this cytokine was recorded
in less favorable cytological findings.

We concluded that the presented sample of the analyzed
cytokine gene polymorphisms provided indications of some
of the presumed production trends that may have protective
or better yet favoring significance for the occurrence of
cervical cancer associated with HR HPV, but we were not
able to prove the statistical significance in this sample size.

Previous analysis proved that, in the tested sample of
proinflammatory cytokine gene polymorphisms, the mere
presence of TNF AA genotype showed a statistically signifi-
cant association with the progression of cervical dysplasia
in HR HPV infection.

The association between SNP at position -308 and cervi-
cal cancer has been reported in many studies conducted
among different races, where the presence of A allele has
been associated with an increased risk of cervical cancer
development [23].

In certain ethnic groups, SNP at position -308 has been
shown to be associated with an increased risk of cervical
cancer, but in some studies these results have not been
confirmed [25].

Similar results were found in a study showing that A
allele carriers were at higher risk for cervical cancer than
individuals with both G alleles [26, 27].

In contrast, a study conducted in Africa showed that
TNF gene polymorphism at position -308 had no effect
on the development of cervical cancer [17].

Our results of the SNP gene study showed that there was
no significant difference in allele distribution and IFN-y
production among patient groups with different cyto-
logical and colposcopic findings. Low IFN-y production,
determined by homozygous AA genotype, was found to be
more common in the ASCUS and LSIL cervical findings,
whereas the heterozygous AT genotype was more prevalent
in the control and HSIL groups of patients.

Our study also established the existence of a significant
relationship between IFN-y gene polymorphism and earlier
infections. A negative sign of correlation indicated that low
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productions of this gene was related to a greater number
of previous infections and vice versa.

The IFN-y polymorphism at position +874 is associated
with increased predisposition and progression of a number
of diseases, including cervical cancer. The AA genotype
(homozygous genotype) is responsible for low cytokine
expression, since the DNA sequence containing T allele
is a specific binding site for transcription factor NF«B,
responsible for higher gene transcription and IFN-y pro-
duction. An in vitro study indicated that AA polymorphism
is associated with a low AT polymorphism with a moder-
ate and TT polymorphism with a high IFN-y production
[18]. These conclusions were also confirmed by a study by
Zhou et al. [9], in which the IFN-y AA genotype and the
A allele were significantly more common in patients with
CIN than healthy individuals.

The results of this study, as in the case of IFN-y gene
polymorphism, showed that there were no significant dif-
ferences in IL-12 gene polymorphisms distribution and
production among different groups of cytological findings.
Low-production homozygous AA genotype had the highest
incidence in the control group, whereas AC genotype was
most common in the ASCUS group. The low-production
AA genotype was detected in 50% of the LSIL and HSIL
cytological findings.

This study showed that AA low-production genotype
of the IL-12 is associated with the occurrence of cervical
lesions by a strong, negative, and significant coefficient.
This means that IL-12 low-production gene polymorphism
correlates greatly with the presence of cervical lesions.

IL-12B polymorphism is associated with the develop-
ment of diseases resulting from changes in IL-12 synthesis
and secretion. A small number of studies have examined
the correlation between IL-12B gene polymorphism and
the development of cervical cancer. Studies conducted in
Korea have shown that IL-12B with AC/CC genotypes
(rs3212227) increases the risk of cervical cancer, but also
that the difference is not statistically significant compared
to women in whom this combination was not detected
[28]. Similar results were reported in a study conducted
in China. The IL-12B gene polymorphism (rs3212227)
was not significantly correlated with an increased risk for
the development of cervical pathological changes. A study
conducted in China also suggested that IL12-B (rs3212227)
AC/CC genotypes may, in some individuals, increase the
risk of developing high-grade cervical lesions, especially if
associated with a higher number of births [21].

By studying the IL-12 gene polymorphisms, we found
that the AC genotype was not associated with the onset of
cervical changes, whereas the AA genotype was significantly
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Nonumopduamm unuToKMHCKMX reHa TNF, IFN-rama v IL-12 Kao moryhu npegukropu
HaCTaHKa LepBUKanHe 6onectu Kog eHa no3utuBHuX Ha HR HPV ca KodaKktopuma

PU3MYHOT NOHALLAA

[ujana Tacuh-Tomuh', Bepa Mpasuua®?, liguja Tacuh'?, Aspa Jlykau?, Mup3a LLaunh’, Maja hynuh>
'THeKONOLWKO-aKyLlepcKa KnuHuka ,HapoaHu ¢poHT’, Beorpag, Cpbuja;

*YHusepauTet y beorpagy, MegnunHcku dakyntet, beorpag, Cpbuja;
*MHCcTUTYT 33 MUKpobronorujy n umyHonorujy, beorpag, Cpbuja;
“Nlom 3apaerba Poxaje, Poxaje, LipHa lopa;

Onwta 6onHMua Hosu Ma3ap, Hosu Ma3ap, Cp6uja

CAMETAK

YBoa/LUum Linrs oBe cTyamje je 61o aa ce ucnuta guctprbyumja
reHOTUMOBA U asfiefa NPovHdIaMaTopHNX uuTokmHa TNF, IFN-
rama 1 IL-12 1 MXOB YTHLAj Ha HacTaHaK LiepBuKanHe 6onecTu,
Kao 11 fia ce YTBPAM HUXOB YAPYKEHM yTrLaj ca KodakToprma
Kog HR HPV no3nTunBHuX »eHa y Cpbuju.

MeTope Vicnntanu cmo 24 6onecHuLe 1 Ha OCHOBY LIITONTOLLKOT
Hanasa ux nogenunu y yetupm rpyne: PAP I, ASKUS, LSIL v HSIL.
AHanusa nonumopodwrama TNF, IFN-rama v IL-12 n3BpLieHa je
meTopom Real-time PCR TagMan. Cratnctiuka aHanusa ypaheHa
je ynotpebom napameTapcKux 1 HemapameTapCKmx TeCToBa 1
KopenawuunoHe 1 MynTumnie perpecroHe aHanmse.

Pe3syntatu 3HauajHo Beha yuecTanoct BUCOKOCEKPETOPHOT
reHotvna TNF AA yTBpheHa je y Texum obnvumma grcnnasuje.
Mo3wnTrBHa Kopenayuja n3mehy BUCOKOCEKPETOPHOT MONMMOP-
¢dwr3ma TNF 1 LiepBMKanHKX MpomeHa 61na je BUCOKO 3HauajHa.
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YTBphHeHa je ymepeHa, 3HauajHa Kopenauuja namehy Hucko-
cekpeTopHor IFN-rama v paHujux LepBuKanHux nHdeKuja.
[NocToju 3HayajHa MOBE3aHOCT HUCKOCEKPETOPHOT FreHOTHMa
IL-12 ca paHvuama Ha rpavhy matepuue.

3aksbyyak PesynTatyi oBe cTyauje nokasyjy aa cy HSIL npomeHe
Yy Be3u ca 3HayajHo Behom yyecTanowiy BUCOKOCEKPETOPHOT
reHoTuna TNF AA. C 063vpom Ha To Aa ce noaMmopdu3mMm of-
peheHnX LINTOKNHCKMX reHa Koju Kofupajy NpoTerHe yKibyyeHe
y Th1 n Th2 henujckn ogroBop nosesyjy ca JO6POM 0OAHOCHO
HenoBO/bHOM NPOrHO30M LiepBUKaHe 60NeCTI Koj eHa ca
nep3ucteHTHoM HR HPV nHdekuumjom, Mory ce cmaTtpaty 6mo-
MapKepuMa ca NpPeAnKTUBHOM YIOrOM y Pa3Bojy LiepBrKanHor
KapLuHoma.

KrbyuHe peun: LepBurKanHu KapyuHOM; KOdaKTopu; reHCKM
nonumopdusmu; TNF; IFN-rama; IL-12
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SUMMARY

Introduction/Objective Our study aimed to estimate the prevalence of glaucoma and its subtypes
in the population of Novi Sad, Vojvodina, Serbia, and provide the demographic and clinical analysis of
glaucoma patients involved.

Methods Our study was designed as an observational, retrospective, cross-sectional, monocentric, includ-
ing all the patients with the address of residence within the city of Novi Sad, with clinically diagnosed
glaucoma, at least in one eye, treated at the University Eye Clinic, Clinical Centre of Vojvodina, Novi Sad.
We analyzed the five-year prevalence of different types of glaucoma, together with the characteristics of
visual field and risk factors in the form of coexisting diabetes mellitus and arterial hypertension.
Results Almost half of 3254 included patients (48.28%) were diagnosed with primary open-angle glau-
coma (POAG), and its prevalence in the total population of Novi Sad was estimated to be 0.46%. The
prevalence of other glaucoma types was as follows: primary angle-closure glaucoma (PACG) 0.17%,
secondary glaucoma 0.09%, pseudoexfoliation glaucoma 0.09%, normal-tension glaucoma 0.13%, pig-
mentary glaucoma 0.01%, and juvenile glaucoma 0.01%. In the population above 40 years of age, the
prevalence of all glaucoma cases was 1.9%, while the prevalence of POAG was 0.93%, and the prevalence
of PACG was 0.35%.

Conclusion Our study represents the first attempt to address the epidemiological problems of glaucoma
in our region in a comprehensive, evidence-based way. The prevalence of various glaucoma types and
observed age-specific prevalence trends were lower than those published by other authors involving
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comparable populations, and we offered several potential explanations for this in our paper.
Keywords: prevalence of glaucoma; type of glaucoma; glaucoma epidemiology

INTRODUCTION

Glaucoma is progressive optic neuropathy ac-
companied by characteristic morphological
changes of the optic nerve head and the nerve
fiber layer of the retina. It manifests in visual
field loss, usually asymptomatic in the early
stages of the disease, leading to irreversible
blindness if untreated. It represents the second
leading cause of preventable blindness in the
world. It has been estimated that 60.5 million
people were suffering from glaucoma globally
in 2010, with 6.7 million bilaterally blind. This
number is expected to rise in the future, and it
is estimated that 111.8 million people will have
glaucoma in 2040 [1]. The main reason for this
is considered to be a worldwide increase in the
average life expectancy.

Based on its etiopathogenesis, glaucoma can
broadly be divided into open-angle (OAG) and
angle-closure (ACG) glaucoma, with further
classification into primary, secondary, congeni-
tal (present on birth), and juvenile form (ap-
pearing between the ages of three and 40) [2].

Analysis of global glaucoma prevalence
proved to be a complex undertaking, often
leading to inconclusive and results that are
difficult to compare. The situation improved
after the introduction of the International
Society of Geographical and Epidemiological
Ophthalmology (ISGEO) classification of

glaucoma for use in population-based surveys
which more precisely defined diagnostic and
classification criteria of different glaucoma
types. However, many obstacles persist to this
day [3].

Different subtypes of glaucoma have differ-
ent racial and geographical prevalence. Africa
and North America are found to have the high-
est prevalence of POAG (4% and 3.4%, respec-
tively), while Oceania had the lowest (1.8%)
[3]. The situation in China and India favors
PACG, which accounts for 50-60% of all glau-
coma cases [4].

According to the latest epidemiological stud-
ies and meta-analyses, the global prevalence
of adult forms of glaucoma is estimated to be
4.79%, with POAG accounting for 3.05% and
PACG for 0.5% of the cases, and these values
seem to be increasing [5].

There are no available data regarding the
number of people with glaucoma in Serbia. At
the 2011 census, Serbia had 7,186,862 citizens
and 3,849,267 people older than 40 years [6].
Extrapolating the prevalence data from the
aforementioned studies, it has been estimated
that around 100,000 people live with glaucoma
in Serbia, with at least 75,000 POAG cases.

Our study aimed to estimate the preva-
lence of glaucoma and its subtypes in Novi
Sad, Vojvodina, Serbia, with a population of
341,625 on the last census, and to provide with
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the demographic and clinical analysis of glaucoma patients
involved.

METHODS

This observational, retrospective, cross-sectional, mono-
centric study included all the patients with clinically
diagnosed glaucoma, at least in one eye, treated at the
University Eye Clinic, Clinical Centre of Vojvodina, Novi
Sad in the period from August 2007 to December 2012.
The patients’ data were populated from the electronic
health records database used in the clinic. The dataset in-
cluded 3254 patients, with the residence address within
the city of Novi Sad, who met strict inclusion criteria of
confirmed glaucoma diagnosis, regardless of age, sex, and
type of glaucoma, excluding glaucoma suspects and pa-
tients with ocular hypertension. The onset of the disease
was not necessarily in the period between January of 2007
and January of 2012, but a patient’s first examination at the
clinic was within that period. All the patients were exam-
ined by several experienced ophthalmologists working at
the Glaucoma Department of the Eye Clinic.

We analyzed the period prevalence of different types of
glaucoma, including POAG, PACG, secondary, juvenile,
and congenital glaucoma, and the age and sex distribution
of the patients. In addition, assessment of the cup/disk
ratio of the optic disc using the 90D non-contact lens at
slit lamp was done in every patient. Visual field testing was
performed with Humphrey visual field analyzer (HFA; Carl
Zeiss Meditec AG, Jena, Germany), C24-2 testing protocol,
equipped with STATPAC. Mean deviation (MD) visual
field index calculation has been considered an indicator
of the stage of perimetric glaucoma disease. Finally, we
analyzed the presence of two of the established glaucoma
risk factors: diabetes mellitus and arterial hypertension.

Subjects’ written consent was obtained in accordance
with the Declaration of Helsinki, and the ethics committees
of the Eye Clinic, Clinical Centre of Vojvodina, approved
the study.

Data were statistically analyzed using SPSS, Version
16.0 (SPSS Inc., Chicago, IL, USA) using the following
descriptive statistical methods: arithmetic mean, standard
deviation, median, quartiles, frequencies, and percentages,
with confidence interval (CI) set at 95%. The results are
presented in the form of tables and graphs with comments.

All procedures performed in this study were in accor-
dance with the ethical standards of the 1964 Declaration
of Helsinki and its later amendments or comparable ethi-
cal standards. Written consent to analyze and publish all
shown material was obtained from the patient, and the
approval for the study was given by the Ethics Committee
of Eye Clinic, Clinical Centre of Vojvodina.

RESULTS

There were 3254 patients enrolled in our study, the major-
ity of them being females (1949 vs. 1305; 59.9% vs. 40.1%).
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Figure 2. Distribution of glaucoma types;
POAG - primary angle-closure glaucoma; PACG - primary angle-
closure glaucoma

The average age of the patients surveyed did not express
normal distribution and was calculated using the median
value (25th-75th percentile) at 68 (59-75) years. The
youngest patient was eight years old, and the oldest was
100 years old. Age distribution of glaucoma patients shows
a predominance of patients older than 40 years of age, with
most cases during the eighth decade of life (Figure 1).

Among our patients, the most common glaucoma type
was primary open-angle glaucoma (POAG), diagnosed in
1571 patients (48.28%). There were 592 (18.19%) patients
with primary angle-closure glaucoma (PACG), while the
secondary glaucoma was found in 315 (9.68%), pseudo-
exfoliation glaucoma in 309 (9.5%), normal-tension glau-
coma in 437 (13.43%), pigmentary glaucoma in 20 (0.61%)
patients, and 10 patients (0.31%) had juvenile glaucoma.
There were no cases of congenital glaucoma in our group
of patients (Figure 2).

According to the 2011 census, the population of the
city of Novi Sad had a total of 341,625 citizens. There were
3254 glaucoma patients registered in our study, giving the
total glaucoma prevalence of 0.96%. POAG had the high-
est prevalence of all glaucoma types (0.46%), followed by
PACG (0.17%), and normal-tension glaucoma (0.13%).

There were 164,789 persons older than 40 years in the
city of Novi Sad, making the total glaucoma prevalence
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Figure 3. Age distribution of primary open-angle glaucoma (POAG),
primary angle-closure glaucoma (PACG), and total glaucoma preva-
lence

for this age group 1.9%. The prevalence of patients in the
group of 40-49 years was 0.38%, in the 50-59 years group
the prevalence was 1.15%, for the group of 60-69 years the
prevalence was 2.56%, for the age group of 70-79 years the
prevalence was 4.54%, while the prevalence in the popula-
tion above 80 years was 3.53% (Figure 3).

The prevalence of POAG among populations older than
40 years was 0.93%, while the prevalence of PACG in the
same population was 0.35%. POAG showed a higher preva-
lence throughout all age groups, comparing to PACG. As
with total glaucoma cases, the highest prevalence of both
POAG and PACG is found among the population in the
eighth decade of life (2.22% and 0.83%, respectively), with
the decrease among the patients over the age of 80 (Table 2).

Table 1. Prevalence of glaucoma types

Glaucoma type

Prevalence % (95% Cl)

Normal-tension

0.13(0.1159-0.1399)

POAG

0.46 (0.4371-0.4825)

Pseudoexfoliation

0.09 (0.0803-0.1005)

(
(
0.01 (0.0032-0.0084)
(
(

Pigmentary
PACG 0.17 (0.1593-0.1872)
Juvenile 0.01 (0.0011-0.0047)
Secondary 0.09 (0.0821-0.1023)

POAG - primary open-angle glaucoma; PACG - primary angle-closure glaucoma

Table 2. Age distribution of open-angle glaucoma (POAG), primary
angle-closure glaucoma (PACG), and total glaucoma prevalence

Years of POAG PACG Total glaucoma
life prevalence % | prevalence % | prevalence % (95% Cl)
<40 0.02 0.01 0.07 (0.0546-0.0787)
40-49 0.18 0.08 0.38 (0.3274-0.4403)
50-59 0.56 0.2 1.15(1.0528-1.244)
60-69 1.3 0.53 2.56 (2.394-2.721)
70-79 2.22 0.83 4.54 (4.28-4.791)
80+ 1.54 0.47 3.53(3.158-3.9055)

Taking into consideration all types of open-angle glau-
coma (POAG, normal-tension, and pigmentary glaucoma),
there were 2028 cases recorded in our study. This makes
the collective prevalence of these types of glaucoma at
0.59% in the general population and 1.23% if we calculate
only for the population above the age of 40 years.

‘ DOI: https://doi.org/10.2298/SARH211005078B
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Automated perimetry using Humphrey visual field ana-
lyzer (HFA) (C24-2 testing protocol) showed a mean MD
index value of -6.51dB (+ 8.4 dB).

Of all the risk factors for the development of glaucoma,
this study included two: diabetes mellitus and arterial hy-
pertension. Diabetes was found in 76 (2.32%) patients,
while the arterial hypertension was present in 86 (2.62%)
patients.

DISCUSSION

Our study aimed at estimating the prevalence of glaucoma
for the population of the city of Novi Sad for the 2007-2012
period. We have analyzed the records of 3254 patients, of
the median age of 68 (59-75) years, with confirmed glau-
coma diagnosis, treated at the Glaucoma Department of
the Eye Clinic of the Clinical Centre of Vojvodina. Our
clinic is the only tertiary ophthalmological center in our
region, and most glaucoma patients are diagnosed and
treated within its Glaucoma Department.

Sex predilection for glaucoma is still a debated topic
in the literature. It was considered that women are more
prone to suffer from glaucoma during their lifetime, as
several population-based studies indicated in the past [7,
8]. This was especially true with PACG in people of Asian
descent [3]. However, available data seem to show that
males have a higher chance of being POAG patients. In
the final multivariable model, Khachatryan et al [9] found
male sex to be more associated with POAG risk (OR, 1.64;
95% CI, 1.44-1.87; p < 0.001), after adjusting for age, sys-
temic hypertension, diabetes, and BMI.

There was a higher number of female patients (59.9%)
in our group. This might reflect sex distribution among
the general population of Novi Sad, with 52.54% of the
population being women and due to the women’s longer
average life expectancy at birth (78.4 vs. 72.9 years) [6, 10].
Another potential explanation might be the phenomenon
of sex-related differences in health behavior and the fact
that women generally tend to visit physicians earlier and
more often than men, that might lead to the larger pool of
undetected male glaucoma patients in the general popula-
tion [11].

The prevalence of glaucoma and its types shows signifi-
cant regional variations, determined by the racial charac-
teristics of the population. The latest pooled prevalence
data, for the people over the age of 40, estimate it to be
between 2.4% (95% CI 2 ~2.8%) globally, and between
2.23% and 2.93% for the people of European ancestry [5].

The population of the city of Novi Sad and Serbia is
mainly Caucasian, of European origin [12]. The prevalence
data found in our study was considerably lower than the
ones in other sources. It was found to be 0.96%, includ-
ing patients of all age groups, and 1.9% involving patients
older than 40.

POAG is the most common type of glaucoma globally.
Its overall prevalence is estimated 2.2-3.05%, being most
prevalent in the people of the black, African ancestry,
reaching 5.4%, and least common in the people of Asian
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ancestry [13]. The prevalence for the white population
is estimated to be within the 1.29-2.93% range [5, 14].
The results of our study show a prevalence of 0.46% for
the general population and 0.93% in the population older
than 40 years, which is lower than published data found
by other researchers.

The situation with PACG regarding its geographical
distribution is quite the opposite. Its prevalence is the
lowest among the people of white and black race ranging
0.03-0.85% [5, 15]. On the other hand, Asian people have
higher values reaching up to 1.2%, while the prevalence
among the people of European ancestry is 0.42-0.69% [5,
13, 16]. The prevalence of this type of glaucoma in our
survey was 0.17% for all age groups and 0.35% for patients
above 40 years of age and was more similar to the results
of earlier studies.

Numerous studies have shown that age-specific preva-
lence for both POAG and PACG increases with age [15,
17, 18]. Our research findings agree with most of the oth-
er studies, although with lover prevalence across all age
groups. In addition, we found the maximum prevalence
for both POAG and PACG among patients in the eighth
decade of life, declining in later life. Similar results are
present in the study by Kreft et al. [17], who conclude
that the reason for this might be in the increased risk of
additional health care risks in the form of more severe
comorbidities or because of the mortality selection process,
a tendency that fitter persons with a generally lower risk
of morbidities, among them POAG and its risk factors,
reach the highest ages.

Other glaucoma types have also shown the tendency of
racial/geographical distribution, with variable prevalence
globally. Normal-tension glaucoma is defined as open-
angle glaucoma with IOP values within the physiological
range for the given population (mean value of IOP +/-
2SD). It has been found in up to 30% of all POAG cases,
depending on the selected cut-off IOP value [1, 19]. Our
research found its prevalence to be 0.13%, which makes
22% of OAG prevalence (59%), the result comparable with
the available data from the literature.

Pseudoexfoliation glaucoma also exhibits regional varia-
tions comprising 20% to more than 50% of open-angle
glaucoma cases [20, 21]. We analyzed pseudoexfoliation
glaucoma as a separate clinical entity and found its preva-
lence to be 0.09% in all age groups. We are not aware of
any other study presenting these results in a similar, com-
parable fashion.

A secondary glaucoma is a diverse group of glaucoma
diseases, occurring together with another underlying eye
disease (lens-related, aphakic, pseudophakic, neovascular,
traumatic, uveitic). According to published studies, it has
been known to represent 1-11% of all glaucoma cases [4,
22]. Our data establish its prevalence at 0.09%, with 315
patients suffering from it.
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The reason for the prevalence values obtained in our
study to be at the lower end of the reported range might
be in the fact that although most glaucoma patients in our
region are treated at our clinic, some of them are registered
at secondary levels of ophthalmology health care in com-
munity health care centers or several privately run clinics.
Incorporating the data from these centers in our analysis
should be the goal of future studies.

ISGEO defined diagnostic and classification criteria
for glaucoma in population-based surveys. Among other
criteria, it specified the “gold standard” of glaucomatous
visual field loss using the threshold test strategy with the
24-2 test pattern of the Zeiss-Humphrey field analyzer II
as a referent device [23]. We followed these recommenda-
tions in our survey and found the mean MD index value of
-6.51dB (+ 8.40dB) for all the glaucoma patients.

Multiple risk factors were associated with glaucoma and
its subtypes. POAG link with diabetes mellitus was estab-
lished by numerous authors [17, 24]. In the latest meta-
analysis of seven prospective studies, Zhao and Chen [25]
found diabetes mellitus to be associated with a significantly
increased risk of glaucoma. The prevalence of secondary
(neovascular) glaucoma was also linked with diabetes, al-
though there has been a marked decrease in it in recent
years, after the introduction of anti-VEGF therapy[26]. In
our study, we report diabetes comorbidity in 2.32% of all
glaucoma patients. Arterial hypertension is another risk
factor associated with an increased risk of POAG develop-
ment [27]. Our survey found it to be present in 2.62% of
all the included patients.

CONCLUSION

Our monocentric, cross-sectional, retrospective, obser-
vational study represents the first attempt to address the
epidemiological problems of glaucoma in our region in a
comprehensive, evidence-based way. Its results demon-
strated the sex and age distribution of glaucoma patients
treated at our clinic for the follow-up period of five years.
We estimated the period prevalence of various glaucoma
types and observed age-specific prevalence trends in our
population. The prevalence values found were compared
with the ones published by other authors, involving an
equivalent population. It is evident that our total and in-
dividual glaucoma type prevalence rates are lower than
previously published, and we tried to give a credible ex-
planation for that. Apart from that, we have also analyzed
the average level of visual field defect and the presence of
two glaucoma risk factors (diabetes mellitus and arterial
hypertension) in our patients.
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MpeBaneHua rnaykoma Ha Teputopmju rpaga Hosor Capa

Huikona babuh'?, AnekcaHgap Mubkosuh'?, Coduja laBngosuh'? Casa bapuwmh? Bnagnmnp YaHagaHosuh'2

'YHuep3utet y Hosom Cagy, MeguuunHcku dakyntet, Hosu Cag, Cpbuja;
2KnuHnYKu LeHTap BojeoamnHe, KnHuka 3a oune 6onectn, Hosu Cag, Cpbuja

CAXETAK

YBoa/LUum Linb Hawer nctpaxueama 610 je fa ce npoLeHn
npeBasieHLa raykoma, Kao 1 heroBmx TUMOBA Yy MomyaaLmjm
rpapa Hosor Cafia 1 ga ce n3BpLUM aHanv3a aemorpadpCkmx um
KIIMHWYKNX KapaKTepucTUKa bonecHmKa Koju 6onyjy og rna-
yKOMa.

MeTope Hawa cTyguja je ocMuLLbeHa Kao OrncepBaLMoHa,
peTpoCneKTMBHA, MOHOLIEHTPMYHA CTYAMja MpeceKa, Koja je
06yxBaTnna cBe 6oNecHUKe ca NpebrBaInLLTEM Ha TEPUTOPW)I
rpaga Hosor Capga, ca KNMHWYKIN NOCTaB/bEHOM AMNjarHO30M
rnaykoma 6ap Ha jedHOM OKy, a Koju cy neyeHu Ha KnnHuum
3a OYHe 6onectn KnuHuukor LeHTpa BojsoanHe. cnutneanu
CMO NEeTOroANLUtbY NPeBaneHLy pasnymnTX TUMOBa rnaykoma,
3ajefHO ca 0coObeHOCTMMa Hanasa BUAHOT NoJba 1 MPKCYCTBOM
wehepHe 60necTn 1 apTepUjcKe XnnepTeH3nje Kao pakTopruma
puvi3mKa.

Pesyntatu Kog ckopo nonosuHe of 3254 ykibyueHa 6onecHuKa
(48,28%) nocTaBsbeHa je AvjarHo3a rnaykoMa OTBOPEHOT yria 1
npoLierbeHa NpeBasneHLa 0Bor 060sbera y CTaHOBHULWTBY Ho-
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Bor Caga n3Hocm 0,46%. MpeBaneHLa ocTanmx TMNOBa rnaykoma
6vna je cnepeha: npumapHM rnaykom 3atBopeHor yrna 0,17%,
ceKkyHAapHu rnaykom 0,09%, nceynoekcdonujaTuBHU raykom
0,09%, HopmoTeH3uBHM rnaykom 0,13%, NUrMeHTHY rnaykom
0,01% u jyBenuntu rnaykom 0,01%. Ko cTaHOBHWLLTBA CTapujer
oA 40 roavHa npeBaneHLa CBMX raaykomMa nsHocuna je 1,9%,
[OK je MpeBaneHLa rnaykoma otBopeHor yria 6una 0,93%, a
npesasieHLa rnaykoma 3atsopeHor yrna 0,35%.

3aksbyyak Hawa ctygmnja npeactaB/ba NpBy NOKyLIaj envge-
MMOJIOLLIKE aHav3e NiTaka rnaykoma y Hallem pervioHy Ha
cBeobyxBaTaH, Ha AoKa3/Ma 3aCHOBaHY HauuH. [pouerbeHa je
npesaneHLa pasnynTX TUMOBaA rlayKoMa 1 YOUeHM CY theHu
TPEHAOBM Y 3aBUCHOCTM Of Y3pacTa CTaHOBHMLWTBA. [lobuje-
He BpeHOCTV NpeBaneHLe HIKe Cy Of OHKX 0bjaB/beHMX Of
CTpaHe Apyrvx ayTopa y nonynauunjama CIMYHUM HaLoj 1y
Halem pagy CMO MPYXKMIn HEKONTMKO Moryhix objallrera
3a Ty Y/tbeHULYY.

KmbyuHe peun: npesaneHLa rnaykoma; TUM rnaykoma; ennae-
MWOJIOrvija rnaykoma
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Impact of aesthetic rhinoplasty on the respiratory
function of the nose in patients with a straight nasal
septum
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SUMMARY

Introduction/Objective Aesthetically, the nose adds special signature to a person’s look. This results in
many nasal pyramid surgeries, either functional or aesthetic. The problem arises in aesthetic surgeries.
Patients often tend to present their dissatisfaction with the appearance of the nose as a breathing dif-
ficulty, as they often lack the support of the environment in the decision to undergo cosmetic surgery.
The objective of the paper was to examine, using subjective assessment and objective measurements,
the change in the nasal respiratory function in patients who undergo aesthetic nose surgeries, despite
having a straight nasal septum before the surgery.

Methods The study was conducted as a prospective, cross-sectional one, and involved 32 patients of
both genders. Before and at six months after surgery all patients underwent subjective nasal breathing
assessment using visual analog scale (grade 0-10) as well as objective nasal respiratory function assess-
ment using rhinomanometry and acoustic rhinometry after anemization.

Results There were seven male and 25 female patients, age ranging 18-27 years. Objective measurements
after surgery showed that the nasal cavity volume, minimum cross-sectional area, as well as the airflow
through the nose reduced, while resistance to the nasal airflow increased, but with no statistical signifi-
cance. The subjective assessment of nasal breathing statistically significantly improved after the surgery.
Conclusion The subjective assessment of nasal breathing postoperatively is not a relevant indicator of
the objective state of the nasal respiratory function in patients after aesthetic rhinoplasty.

Keywords: aesthetic rhinoplasty; rhinomanometry; acoustic rhinometry; nasal airflow; subjective nasal

Received « MpumbeHo:
February 22,2022

Revised - PeBusnja:
May 18,2022

Accepted - MpuxsaheHo:
June 1,2022

Online first: June 9, 2022

Correspondence to:

Danijela DRAGICEVIC

University of Novi Sad

Faculty of Medicine

University Clinical Centre of
Vojvodina

Clinic for Otorhinolaryngology
and Head and Neck Surgery
Hajduk Veljkova 1

21000 Novi Sad, Serbia
danijela.dragicevic@mf.uns.ac.rs

breathing sensation

INTRODUCTION

Nose represents the central structure that
dominates the whole face. Aesthetically, it adds
special signature to a person’s look and con-
tributes to the expressiveness and beauty. For
this reason, numerous nose deformities impact
the person’s look itself. This results in many
nasal pyramid surgeries, either functional or
aesthetic. Functional rhinoplasty implies a na-
sal pyramid surgery in cases when it is not pos-
sible to establish a good respiratory function by
correction of the nasal septum only. Aesthetic
surgeries are those that are performed at the
request of the patient due to dissatisfaction with
the appearance of the nose, without the respira-
tory function being compromised by the shape
of the nose itself.

Primary functions of the nose are respira-
tory and protective ones. Protective function
reflects in cleaning the air, moistening it and
warming, i.e., conditioning it for lower air-
ways. The aim of each functional rhinoplasty
surgery is to establish a good nasal respira-
tory function. The problems arise in aesthetic
surgeries. Patients often tend to present their
dissatisfaction with the appearance of the nose
as a breathing difficulty, as they often lack the

support of the environment in the decision to
undergo cosmetic surgery.

The second problem is the readiness of the
surgeon not to give in to the patient’s tendency
to have the smallest nose possible, and this way
to lead to a serious violation of the nasal respi-
ratory function.

The success of the surgery in rhinoplasty/sep-
torhinoplasty is measured through many aspects:
the patient’s satisfaction with his/her look, subjec-
tive quality of nasal breathing, but also the sat-
isfaction of the surgeon himself/herself with the
results of the surgery. There are many question-
naires for the analysis of surgical results [1-7].

It has been proven, without a doubt, that
after the surgery of a deformed nasal pyra-
mid, with the mechanical barriers for airflow
through the nasal cavity present before the
surgery, a good respiratory function was es-
tablished. By using objective tests, such as rhi-
nomanometry, acoustic rhinometry, and mea-
suring of the peak nasal inspiratory flow, one
obtains statistically significant improvements in
the nasal respiratory function in these patients.
Still, the question remains what happens with
the nasal respiratory function in patients who
have good respiratory function, and undergo
nasal surgeries purely for aesthetic reasons.



Impact of aesthetic rhinoplasty on the respiratory function of the nose in patients with a straight nasal septum

The objective of the paper was to examine the changes
in the nasal respiratory function, using subjective assess-
ment and objective measurements, in patients who un-
dergo aesthetic nasal surgeries but had a straight nasal
septum prior to the surgery.

METHODS

The study was conducted as a prospective and cross-sec-
tional one, and involved 32 patients of both genders who
were operated on at the ENT department of a tertiary level
institution. None of the patients had a deviated septum or
other nasal pathology or risk factors, such as allergy, that
could affect nasal breathing. All participants had an un-
disturbed nasal respiratory function prior to surgery. The
condition for participating in the study was a nasal septum
without deviation and dissatisfaction with the nasal pyramid
appearance. Before they were included in the study, all the
patients had undergone an ENT examination, subjective
nasal breathing self-assessment, as well as an objective na-
sal respiratory function assessment. In order to accurately
evaluate the condition of the nasal septum, beside anterior
rhinoscopy, the nasal endoscopy using rigid Storz 4 mm op-
tics at an angle of 30°, was performed. The subjective nasal
breathing sensation was self-assessed by the patient using
the visual analogue scale (grade 0-10), where 0 stands for
minimal and 10 for maximal nasal airflow rate. Objective
assessment of the nasal respiratory function was carried out
by using rhinomanometry and acoustic rhinometry. The
nose volume was measured for the first 5 cm from the na-
sal openings. Such distance was taken into consideration
in order to better establish the effects of the nose volume
changes because they model the nasal pyramid, making it
smaller. In this case, the Rhinoscan SRE 2000 (Interacoustics
A/S, Middelfart, Denmark) device was used. Before the ob-
jective assessment of the nasal respiratory function, all the
patients underwent nasal anemization. The anemization
was performed in accordance with the 2005 Consensus by
using 0.1% oxymetazoline spray, 50 pg in each half of the
nose; the process is repeated in five minutes with one dose in
each half of the nose. After the application, it was necessary
to wait for 15-30 minutes and then perform the assessment
[8, 9]. The anemization was performed in order to exclude
the mucous component during the assessment.

All the patients underwent an aesthetic rhinoplasty pro-
cedure with the correction of the size of the nose, in order
to adjust the nose to the anthropometric measurements of
the face. A low-to-low lateral nasal osteotomy with carti-
laginous grafts was used for this purpose.

Six months after the surgical procedure, all the patients
underwent subjective and objective assessments of the na-
sal respiratory function, the same way it was done before
the surgery. Digital and print face photos (front and profile
view) were taken before and after surgery as well.

Since these are dependent sets of results, the analysis of
the effect of the surgery had to be carried out by the facto-
rial analysis, and not by comparing parametric and non-
parametric properties of assessed variables. The analysis
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of the change in values was carried out by performing
Duncanss test. The significance level values of p < 0.05 were
considered statistically significant.

The study was carried out according to the principles
of the Helsinki Declaration and it was approved by a local
ethics committee (protocol number 6/00-29).

RESULTS

There were seven male (21.87%) and 25 female (78.13%)
patients. The age of the patients ranged 18-27 years; the
average age was 23.79 years. Age and gender distribution
of study participants is shown in Figure 1.
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Figure 1. Age and gender distribution of the participants

A statistically significant difference in the assessment
of nasal respiratory function before and after surgery was
obtained only in the subjective assessment of nasal respi-
ratory function, which proved to be significantly better
after surgery in both the left (p = 0.00072) and the right
half of the nose (p = 0.00015). Although all objective pa-
rameters of nasal respiratory function show postoperative
degree of deterioration in relation to preoperative values,
this difference was not statistically significant in any of the
parameters, as shown in Table 1.

Table 1. Results and comparison of mean values of subjective and
objective parameters in nasal respiratory function before and after
the surgery

Before | After
Parameters p
surgery | surgery
Resistance on the left side (Pa/cm?/s) | 0.5408 | 0.5687 | 0.6794
Resistance on the right side (Pa/cm?3/s) | 0.5112 | 0.5445 | 0.6127
Total resistance (Pa/cm?/s) 0.2524 | 0.2737 | 0.4034
Airflow on the left side (L/min) 306.30 | 284.89 | 0.5357
Airflow on the right side (L/min) 319.40 | 278.65 | 0.2281
Volume on the left side (cm?3) 6.7075 | 6.0042 | 0.1243
Volume on the right side (cm?) 6.2883 | 6.0233 | 0.5528
Minimum cross-sectional area on
the left side (cm?) 0.4675 | 0.4192 | 0.1121
Minimum cross-sectional area on
the right side (cm?) 0.4583 | 0.4200 | 0.1797
Subjective breathing sensation on
the left side (VAS) 6.4348 | 9.1467 | 0.00072
Subjective breathing sensation on
the right side (VAS) 6.3478 | 9.3333 | 0.00015

VAS - Visual Analogue Scale (grade 0-10)

www.srpskiarhiv.rs
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Figure 2. Frontal and profile face image before the surgery

Figure 3. Frontal and profile face image after the surgery

Examples of the appearance of the nasal pyramid in
frontal and profile view images, pre and postoperatively,
are shown in Figures 2 and 3.

DISCUSSION

The nose, besides its aesthetic significance, providing its
functions, has a remarkable impact on the quality of life.
If the breathing and protective functions of the nose are
impaired, patient breathes through the mouth, which re-
sults in constant sore throat and consequent damage of
the lower airways.

It is well known that nasal respiratory function improves
after functional rhinoplasty, but the surgeons need to be
aware that nasal septal surgery affects nasal anthropometry
and can consequently cause aesthetic complications [10].

The question remains what happens with the nasal
respiratory function in patients who have preserved re-
spiratory function, and undergo nasal surgeries for cos-
metic reasons only. The presented study aimed to answer
this question.

Certain authors found that aesthetic rhinoplasty does
not impede the nasal respiratory function, at least not with
proved statistical certainty [11, 12].

Unlike them, there is an opinion that when the low-
to-low osteotomy is used, the change in the internal nasal
valve results in impaired nasal breathing [13]. However,
Kamburoglu et al. [14] could not prove the occurrence of
nasal breathing disturbance after the reduction rhinoplasty
procedures with statistical certainty.

‘ DOI: https://doi.org/10.2298/SARH220222058K
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Okland et al. [15], according to their retrospective study,
with patient-centered questionnaires used, indicate that
reductive rhinoplasty is not associated with a greater risk of
breathing obstruction when performed with modern air-
way preservation techniques, but report the initial increase
in obstructive symptoms only on the first postoperative
visit due to perioperative swelling.

Based on their research, McKiernan et al. [16] conclud-
ed that there is some benefit after rhinoplasty, particularly
in patients who also have a cosmetic reason for the surgery.

Pfaff et al. [17], in a systematic review and meta-anal-
ysis of 25 studies, found that functional and aesthetic na-
sal operations appear to significantly improve olfaction
as well, which is directly correlated with improvement in
nasal airflow and the quality of life.

By analyzing the results of our study, it could be stated
that all the objective parameters for the nasal respiratory
function after the surgery worsened in comparison to those
before the procedure. Such differences are insignificant,
but still present. There was an increase in both nasal halves
individually and in the overall nasal airflow resistance,
which indicates the narrowing of the respiratory space
inside the nose. The reduction of the nose volume in the
observed range also indicates reduction of the respiratory
space. During the surgery, the size of the nasal pyramid
reduces, and this results in the reduction of the nasal vol-
ume and the minimal cross-sectional area.

Pousti et al. [18] stated that the nasal cross-sectional
area is the main factor which determines the nasal respi-
ratory function, and that the nasal airflow proportionally
reduces with the minimal cross-sectional area.

In our material, the minimum cross-sectional area
reduced on average by 0.0483 cm? on the left, and by
0.0383 cm? on the right side. The reduction of the mini-
mum cross-sectional area is the main reason for the in-
crease in both individual and total nasal airflow resistance,
but at the same time it is the cause of the airflow reduction.

Savovic et al. [19] stated that rhinomanometry signifi-
cantly correlates with the subjective score of the nasal re-
spiratory function and that it can be used as the objective
indicator in daily clinical practice. The same authors also
found that the acoustic rhinometry does not correlate with
the subjective score of the nasal breathing and that it has
more significance in research than in clinical practice [19].
Unlike this research, Skouras et al. found that the acoustic
rhinometry is good in detecting and monitoring the effects
of impaired breathing, in particular in plastic surgeries of
nose and nasal septum [20].

Although the objective respiratory parameters indi-
cated the reduction of the nasal airflow and an increase
in nasal airflow resistance, though not with a significant
difference, the finding with regards to subjective nasal
breathing indicated significant improvement of the respi-
ratory function. After the surgery, all the patients rated
their nasal breathing as significantly better. Such differ-
ence is statistically highly significant. The explanation for
such occurrence may go in three directions. The first one
is that the reduction of a bigger nasal pyramid and nasal
volume result in better stimulation of olfactory receptors,
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and therefore the persons have better sensation of the air-
flow in the nose. The second reason for such result might
be the fact that these persons were primarily operated on
for aesthetic reasons, and that only the fulfilment of their
aesthetic requirements and satisfaction with the outcome
leads to exaggerated results when scoring the nasal respira-
tory function after the surgery. The third reason could be
the fact that these persons presented their nasal respiratory
function before the surgery worse than it really was, in
order to justify their aspiration to undergo a nose surgery
as soon as possible.

Although there is no significant difference in the re-
duction of nasal respiratory functions following surgery
in patients who had preserved nasal respiratory function
before the surgery, it is important to point out that these
patients need to be monitored continuously. This was also
highlighted by Constantinides et al. [21], who emphasised
that after aesthetic nose surgeries the patients may have
asymptomatic nasal breathing difficulties for a long time.
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As the same authors underline, these patients do not have
good correlation between the subjective score and objec-
tive nasal breathing findings.

CONCLUSION

Nasal pyramid reduction after aesthetic rhinoplasty, in pa-
tients with a nasal septum without deviation preoperative-
ly, results in statistically insignificant reduction of the nasal
airflow as well as an increase in nasal airflow resistance,
as a direct consequence of the reduction of the minimal
cross-sectional area as well as the volume of the nose itself.

Subjective self-assessment of nasal breathing is not a

relevant indicator of the nasal respiratory function in pa-
tients who undergo aesthetic rhinoplasty.
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YTULaj ecTeTcKe pUHONAACTUKe Ha AUcajHY GYHKLUM]Y HOCa KOa, NaumjeHaTa ca

NPaBoOM HOCHOM Nperpagom

Bnagumup Krbajuh, Janvjena Oparuuesuh, Cnobogan CaBosuh, JbusbaHa Bnalukm

YHusep3uteT y Hoom Capy, MeguumHcku dakyntet, Hosu Cag, Cpbuja;

YHUBEP3UTETCKM KNNHNYKY LeHTap BojBoaunHe, KnuHiika 3a oTopuHonaprHronorujy n xupyprujy rnase v spata, Hosu Cag, Cpbuja

CAXETAK

YBop/LUum EcteTcku, HOC Aaje neyat usrnegy ocobe. OBo je
passnor YyecTnx onepawyja HoOCHe NUpammae, Kako GyHKLMOo-
HasnHMX, Tako 1 ecTeTckux. [pobnem ce jaB/ba Ko eCcTeTCKMX
onepauuja. MaunjeHTn cy yecto cNpeMHu fa CBOj Npobnem ca
U3rnefoM Hoca NpurKasyjy Kao npobniem oTexaHor Ancama,
6ynyhu fja oKonMHa YeCTo HeMa pa3yMeBatba 3a HUXOBY XKerby
3a eCTETCKOM onepaLijoMm.

Ll paga je 6vo pa ce, kKopuiwherbem cy6jeKTMBHE NPOLiEHe 1
00jeKTBHIX MepeHsa, CMUTa MPoMeHa Yy AncajHoj GyHKLuju
HOCa KOA MaLmjeHaTa Koju ce NnofBpraBajy ecTeTcKkoj onepauuju
HOCa a MMajy NpaBy HOCHY NMperpagy npe onepauuje.
MeTope VcTpaxunBatbe je cnpoBefeHO Kao NPOCMNEKTUBHO,
yKpLUTEHO, 1 06yxBaTUNO je 32 nauujeHTa oba nona. Mpe n wect
MeceL nocsie onepaluje CBUM nauyjeHTuma je amcajHa GyHk-
Lmja HoCa NpoLerrBaHa cybjekTrBHO Kopulwherbem Br3yenHe

DOI: https://doi.org/10.2298/SARH220222058K

aHanorHe ckasne (oueHa 0-10) 1 06jeKTMBHO MOMohy pUHOMaHO-
MeTpuje 1 aKyCTYKe PUHOMETPUje Y3 NPETXOAHY aHEMV3aLmjy.
Pesyntatu Cryguja je yKibyunna ceaam nawmjeHata MyLIKor 1
25 EeHCKOr rnona, ctapocHe fobu o 18 fo 27 rognHa. O6jek-
TVIBHa Mepetba Nocsie XUpypruje nokasana cy CMamee 3ar-
PEeMUHe HOCa, MUHMAJTHE MOBPLUMHE MOMPEYHOT NPeceka, Kao
1 NMPOTOKa Ba3zfyXa Kpo3 HOC, A0K Ce OTMNOp NPOTOKY Ba3ayxa
Kpo3 Hoc noBehao, anv 6e3 NpucyTHe CTaTUCTUYKE 3HAYajHOCTW.
Cyb6jekTnBHY ocehaj aucarba Ha HOC Ce CTAaTUCTUYKU 3HAaTHO
nonpasvo nocse onepawuje.

3akmyuak Cy6jexkTriBHY ocehaj arcara Ha HOC Hulje penieBaH-
TaH NoKasaTesb 00jeKTMBHOT CTakba ficajHe GpyHKLMje Hoca KOA
nauyjeHaTa nocsie ecTeTcke pUHOMIACTKe.

KmbyuHe peun: ecTeTcKka prHONNACTHKa; PUHOMaHOMETpHja;
aKycTMuKa prHOMETpUja; MPOTOK Ba3fyxa Kpo3 HOC; CybjeK-
TVBHWM ocehaj gucarba Ha HoC
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SUMMARY

Introduction/Objective The competitive healthcare market is focused on quality health services and the
search for effective methods to improve the quality of these services represents a continuing challenge
for healthcare managers. It has been found that satisfaction with the work of nurses directly affects the
quality of care and patient satisfaction. The aim of this study was to examine the factors influencing the
motivation and job satisfaction of hospital nurses.

Methods A cross-sectional study in private and public hospitals of Plovdiv region (second largest region
in Bulgaria), established as training and teaching bases for nurses was conducted. The sample comprised
of nurses employed in internal wards, surgical wards, intensive care units, and neurology ward settings.
Results Most of the participants 55 (67.1%) are working in public hospitals and 27 (32.9%) in private ones.
All of the respondents were women with a mean age of 50.57 + 11.6 years. Only 40.3% of nurses were
satisfied with their job and employees in public hospitals were generally more dissatisfied, although both
sectors have identified “payment” and “working conditions” as being an important source of dissatisfaction.
Conclusion Motivation and job satisfaction studies play an important role in providing appropriate
medical care in the healthcare sector. The results of this study demonstrate the importance of good job

salary, good working conditions, and co-workers’ support for job satisfaction.
Keywords: cross-sectional study; job motivation; job satisfaction; nurses; healthcare

INTRODUCTION

Job satisfaction is one of the most actively and
extensively studied topics in the field of orga-
nizational behavior. Theorists’ and researchers’
interests on that topic dates back to the begin-
ning of the last century as a part of attempts
to understand the human behavior in work-
ing conditions [1]. The competitive healthcare
market is focused on quality health services and
the search for effective methods for improv-
ing the quality of these services represents a
continuing challenge for healthcare manag-
ers. Many researchers are looking for a link
between job satisfaction and job performance
[2]. The interest in the motivation and satisfac-
tion of employees arises exactly from the need
to identify those subjective factors that explain
the differences in behavior and performance
of employees. Locke defines job satisfaction as
a pleasant or positive emotional state result-
ing from the evaluation of someone’s work or
work experience [3]. It can also be described
as a phenomenon which is a result of complex
interactions between work experience, orga-
nizational environment, and personal factors.
This phenomenon is inextricably linked to
work motivation, understood as “a reason that
makes workers act in a certain way, striving
to achieve personal and organizational goals”
[4]. Neither job satisfaction nor motivation

are directly visible, but both are critical to the
retention and performance of health profes-
sionals [5].

In the field of healthcare, health services
and the nursing profession, satisfaction is one
of the key determinants of job performance [6].
Performance is studied from different points
of view. Some studies examine the impact of
organizational characteristics (such as staff
shortages, lack of equipment, etc.) on satisfac-
tion [7]. Other researchers have assessed the
impact of management and organizational sit-
uation factors on satisfaction [8]. Satisfaction
is important and influences job performance
and attitudes towards leaving the workplace
[9]. Factors such as poor working conditions,
ethical problems, or stress in the workplace lead
to dissatisfaction and low labor productivity
[10, 11, 12]. Studies show that job satisfaction
directly affects the quality of health care and
patient satisfaction [13]. The results of studies
found that high levels of nurse burnout are as-
sociated with lower patient satisfaction [14].

Nurses’ satisfaction contributes directly to
patients’ satisfaction with nursing care, which
is an important performance indicator of the
quality of care [15, 16]. Therefore, work mo-
tivation and satisfaction are factors, influenc-
ing the quality of health services, efficiency
and commitment to the health organization
and they directly affect the cost of healthcare
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[6, 13]. The constant investigation of the most important
factors influencing the motivation and job satisfaction of
healthcare professionals is one of the ways to retain staff
and increase the efficiency of health organizations.

The aim of this study was to examine the factors in-
fluencing the motivation and job satisfaction of hospital
nurses in the Plovdiv region, Republic of Bulgaria.

METHODS

A cross-sectional study in private and public hospitals of
the Plovdiv region (the second largest region in Bulgaria),
established as training and teaching bases for nurses, was
conducted. Data was collected for the November 2019 -
February 2020 period. The sample comprised nurses em-
ployed in internal wards, surgical wards, intensive care
units, and neurology ward settings. It was an anonymous
self-administered questionnaire survey on a voluntary ba-
sis. It contained a permission form, purpose of the research
with brief description and guidelines on how to fill out
the questionnaire. Data collection was performed using a
questionnaire, designed by the authors of this study, and
based on the theory by Herzberg et al. [4]. The study pro-
tocol was approved by the Ethics Committee of the Medical
University — Plovdiv. Confidentiality and anonymity were
assured to the participants, and they were informed of the
right of withdrawal from the study.

All study participants received information on the study
objectives and recruitment process. Three University hos-
pitals in which nurses are trained in the Plovdiv region
were selected at random. The inclusion criteria for this
study required nurses to be: (a) full-time employees and
(b) being hospital staff for at least six months. The sample
size was obtained using a formula for cross-sectional stud-
ies [17]:

N=[Z:xPx(1-P)
DZ

where, N = number of participants; Z = SD at 95% CI
(1.960); D = amount of error we will tolerate = + 5% P =
11.7% - obtained from a pilot study [18].

N =[1.960%% 0.117 x 0.883]
0.05*

We used the modified Kish and Leslie equation to cal-
culate available sample size [17]:

n=N

1+ (N-1)
K

where n is the sample size and K is the estimated overall
population of the study population (approximately 1000
nurses). To cater for non-correspondents, 10% of the sam-
ple size was added to the calculated sample size. Therefore,
the actual total sample size was 150 respondents. A total

‘ DOI: https://doi.org/10.2298/SARH210609080A
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of 95 questionnaires were completed and returned by the
respondents, which represented 63.3% of the targeted
nurses. Eighty-two valid questionnaires were included in
the final analysis.

The questionnaire consisted of two parts. The reli-
ability coefficient measured by Cronbach a was equal to
0.849. The first part of the questionnaire included socio-
demographic characteristics and data related to the work-
place. The second part of the tool contained 22 questions
for self-assessment of work motivation and satisfaction.
A five-point Likert scale was used to rate from 1 - “not
important at all” / “does not satisfty me at all” to 5 - “very
important” / “very satisfying” Higher results correspond
to higher work motivation and satisfaction with a specific
factor. Five-point Likert scale was used to respond to all
questions (1 = strongly disagree, 2 = disagree, 3 = neutral,
4 = agree, and 5 = strongly agree).

The data was processed with the SPSS Statistics for
Windows, Version 19.0 (IBM Corp., Armonk, NY, USA).
The basic descriptive parameters were calculated (mean,
standard deviation, number, and percentage). Univariate
ANOVA was used to test the differences in the motivating
factors according to age, position, and other characteristics.
Verification of the hypotheses was conducted with p < 0.05.

RESULTS

Most of the participants 55 (67.1%) work in public hospi-
tals and 27 (32.9%) in private ones. All of the respondents
were women with a mean age of 50.57 + 11.6 years. Older
nurses are the majority in Bulgarian hospitals. Thirty-seven
of the participants (45.1%) in the study have a bachelor’s
degree and only 17.1% (14 participants) have a master’s
degree. The highest number of all nurses having work ex-
perience between 21-30 years is 37 (45.1%), which implies
significant experience in practicing the nursing profession,
and only 6.1% have less than five years of experience. Most
participants are married [63 (76.8%)]. The distribution of
the sample, according to demographic and work-related
variables, is shown in Table 1.

Table 2 provides the mean, the standard deviation, 95%
confidence interval, and overall ranks of the 11 motiva-
tional factors for both hospital types. The ranking is based
on the mean of the factors. The lowest mean value has the
highest rank because the respondents were asked to rank
with a most effective motivator, then with a second most
effective motivator, and so on. For nurses working in both
public and private hospitals, “payment” is the first most
important motivational factor, followed by “job security”
These factors also receive the lowest mean value (3 and
4.44, respectively). The factor with least motivational im-
portance is “responsibility at work” (Table 2).

Satisfaction from various investigated factors in the
workplace are given in Table 3. Every other nurse is satis-
fied or very satisfied with her supervisor (n = 46, 56.1%);
12.2% of nurses working in private hospitals are dissatistied
with their job. Among persons working in public hospitals,
this percentage reaches 28%. Most of the respondents are
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Table 1. Socio-demographic and workplace characteristics of the
respondents (n = 82)

Characteristic Value n % p
<30 6 7.3
31-40 9 11
Age group 41-50 26 | 31.7 | 0.001
51-60 23 | 28
over 60 18 22
lives alone 13 | 159
Marital status married 63 | 768 | 411
unmarried, divorced,
. 6 7.3
widowed
college 31 | 37.8
Educational bachelor 37 | 451 0.005
level
master 14 | 171
head nurse 15 | 183
Rank nurse 63 | 76.8 | <0.001
nurse manager 4 4.9
Form of private 27 | 329
ownership at . . 0.002
the hospital public (state/municipal) 55 | 67.1
<5 5 6.1
Work 5-10 6 | 73
experience 11-20 18 22 | <0.001
(years) 21-30 37 | 451
> 30 16 | 19.5
internal medicine 44 | 537
department
Departments surgical department 26 | 31.7 | <0.001
intensive care unit 3 3.7
neurology department 9 1

satistied with the “working hours” (n = 37, 45.1%) and
with their “relationships with colleagues” (n = 33, 40.3%).
On the other hand, almost three-quarters of nurses are
dissatisfied or very dissatistied with the “salary they re-
ceive” (n = 54, 65.8%) and with the “working conditions”
(n=52,63.4%).

Married nurses have lower job satisfaction than unmar-
ried ones (p < 0.05). Nurses with a college degree (mean
rank = 52.79) report a higher level of job satisfaction
than those with a master’s degree (mean rank = 44.62)

or a bachelor’s degree (mean rank = 32.68). There is a
significant difference in the overall job satisfaction of the
respondents depending on the educational level (x* = 8.59,
p = 0.014). However, nurses with a master’s degree work
more often in private hospitals (n = 23, 28%) and those
with a bachelor’s degree in public hospitals (n = 14, 17%).
Nurses working in private hospitals reported a higher
overall level of job satisfaction (mean rank = 44.22) than
those working in the public sector (mean rank = 40.16)
(x* =20.85,p < 0.001).

DISCUSSION

Work motivation is a proven factor which influence nurses’
intention to pursue the profession and job satisfaction [18,
19]. The practice of the nursing profession is influenced
by the complex effect of various environmental factors -
socio-economic, legal, political, demographic, cultural, as
well as specific factors for the profession. The shortage of
nurses is a challenge not only in Bulgaria but is a critical
issue in many countries [6, 20, 21]. Nowadays, in Bulgaria,
a number of nurses are leaving their profession to join
other non-nursing fields or emigrate abroad [22]. In our
country, shortage of hospital nurses is associated with fac-
tors such as increased migration of professional nurses, de-
creased number of nurse graduates, and ageing workforce
[23, 24, 25]. Job satisfaction of healthcare professionals is
a very important factor of the quality of health care and
has a great impact on achieving good performance and
efficiency in healthcare organization. Many studies have
focused on job satisfaction through nurses because of its
proven impact on patient safety and health outcomes [11,
25]. Therefore, this study set out to examine the nurses’
motivation and job satisfaction and factors associated with
it in public and private hospitals in the region of Plovdiv.

As in a number of researches that suggested that, gen-
erally, nurses’ job satisfaction is usually moderate or low,
our findings showed that only about 40.3% of nurses were
satisfied with their jobs, which is an extremely low level [6,
14]. Overall, nurses in public hospitals were generally more
dissatisfied than those working in private ones, although

Table 2. Ranking of motivators: a comparison between hospitals (public and private)

. Mean sD 95%.confidence Rank
No. | Motivators interval
public private public private public private public private
;| opportunity foradvancement and 6.42 5.1 3.56 308 |546-7.38|3.89-633 | 6 3
promotion
2 | payment/salary 3.09 3.22 3.01 2.85 2.28-39 | 2.1-435 1 1
3 job security 4.44 4.11 2.35 1.52 3.8-5.07 | 2.33-1.53 2 2
4 | working conditions 4.64 522 2.35 3.07 4-5.27 | 4.01-6.44 3 5
5 interesting job 4.71 5.19 2.52 3.56 4.03-5.39 | 3.58-6.59 4 4
6 | working time / flexible working hours 5.98 6.67 2.69 3.34 5.24-6.69 | 5.35-7.99 5 7
7 additional benefits 6.93 5.37 2.48 2.86 6.26-7.6 | 4.24-6.5 8 6
8 | co-worker relationship, teamwork 6.71 7.3 2.8 2.95 5.95-7.47 | 6.13-8.46 7 8
9 social position and prestige 7.22 8.07 3.03 2.29 6.4-8.04 | 7.17-8.98 9 10
10 |job responsibility 8.44 8.3 2.34 1.77 7.8-9.07 7.6-9 11 "
11 | supervisor support 8 7.44 2.7 297 7.27-8.73 | 6.27-8.62 10 9
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Table 3. Frequency and percentage of each item in the job satisfaction

Angelova-Levterova B. and Georgieva-Borukova Y.

N " Very dissatisfied Dissatisfied '\rls:ré?srssaattilssf?eec? Satisfied Very satisfied
n (%) n (%) n (%) n (%) n (%)
1 gf;’rzgt‘f;‘:y for advancement and 19(23.2) 14(17.1) 29 (35.4) 12 (14.6) 8(9.8)
2 | payment/salary 33(40.2) 21(25.6) 20 (24.4) 4(4.9) 4(4.9)
3 job security 7 (8.5) 12 (14.6) 33(40.2) 18 (22) 12 (14.6)
4 working conditions 29 (35.4) 23 (28) 14(17.1) 10(12.2) 6(7.3)
5 |interesting job 17 (20.7) 16 (19.5) 37 (45.1) 10(12.2) 2(24)
6 working time/ flexible working hours 4(4.9) 10(12.2) 31(37.8) 16 (19.5) 21(25.6)
7 additional benefits 10(12.2) 8(9.8) 37 (45.1) 12 (14.6) 15(18.3)
8 co-worker relationship, teamwork 6(7.3) 6(7.3) 37 (45.1) 18(22) 15(18.3)
9 social position and prestige 14(17.1) 14(17.1) 27 (32.9) 18(22) 9(11)
10 |job responsibility 17 (20.7) 10(12.2) 30 (36.6) 16 (19.5) 9(11)
11 supervisor support 10(12.2) 8(9.8) 18 (22) 28 (34.1) 18 (22)

both sectors have identified “payment” and “working con-
ditions” as important sources of dissatisfaction. According
to Nantsupawat et al. [25], job dissatisfaction is a major
cause of high nurse turnover, as well as increased absences.
Another reason is the low nursing occupational prestige.
These are demotivating factors that cause young people
in Bulgaria to study nursing or to practice this humane
profession.

The nurses in this study were females, most of them
over the age of 50, married and with a bachelor’s degree.
Masum et al. [26] revealed that married nurses have higher
job satisfaction than unmarried ones, but we found the
opposite results. The finding of the present study revealed
that nurses with a master’s degree are most dissatisfied
with their work, followed by nurses with a bachelor’s de-
gree and those with a college degree. The cause could be
that more educated staff have higher expectations, which
healthcare organization are often unable to fulfill. Also,
master’s degree nurses were less satisfied with their occu-
pation, probably because the nurse salary structure in our
country does not differentiate between groups.

The research results show that hospital nurses are dis-
satistied with their job salary (65.8%), working conditions
(63.4%), and their social position and prestige (40.2%). The
respondents were least satisfied with “payment/salary.” The
main motivator in both studied groups is “payment/salary;’
but this factor is associated with the greatest dissatisfaction.
Two-thirds of the study participants were least satisfied
with their salary, which is consistent with studies in other
countries [6, 14, 26-29]. Although the salary of nurses in
Bulgaria has started to increase in recent years, this fact
suggests that Bulgarian nurses may not be satisfied with
the level of income they receive now. A low satisfaction
score and high significance score of the factors show that
there is a prospect to improve job satisfaction by increasing
payment. However, satisfaction with material status may
not be related to the amount of remuneration received
as much as to the perception of remuneration being fair.

In our study, important factor influencing dissatisfac-
tion is “working conditions.” Poor working conditions
and limited resources reduce job satisfaction and motiva-
tion among nurses, which can affect service quality and

‘ DOI: https://doi.org/10.2298/SARH210609080A

distress [6]. It has been found that less favorable working
conditions such as heavy workload, lack of staff and ex-
tended working hours are negatively associated with job
satisfaction. Physical working conditions, such as noisy en-
vironment, and poor living conditions can also reduce job
satisfaction. Grujici¢ et al. [28] in a survey performed in
healthcare centers in three districts of Vojvodina (Serbia)
show that healthcare workers are more satistied with a
positive work environment.

Among the eleven items of job satisfaction, nurses col-
lectively expressed high level of satisfaction with supervi-
sor support (56.1%) and flexible working hours (45.1%).
The results from this study are following the results of
Masum et al. [26] and Labrague et al. [30], who identified
“supervisor support” as an important factor of nurses’ job
satisfaction. In our study, “relationships with colleagues”
and “supervisor support” predict a nurse’s job satisfaction
positively. This is consistent with studies done in hospitals
in Slovenia and Serbia, where nurse-physician relationships
had impact on nurse satisfaction [27, 29]. The collabora-
tion between a doctor and a nurse is linked to positive
job satisfaction [31]. When there are good work relation-
ships, there is a sense of recognition and feeling of respect
between them, which further brings satisfaction at work.

Our study had some limitations. In this study, the sam-
ple size was relatively small and limited to nurses who were
employed in private and public hospitals which are training
and teaching bases in the Plovdiv region, Bulgaria. As it is
a cross-sectional study, inferences on the cause—effect rela-
tionships could not be made. The information gained from
participants is based upon their subjective perceptions.

CONCLUSION

Motivation and job satisfaction studies play an important
role in providing appropriate medical care in the healthcare
sector. Low job motivation and job satisfaction have been
found to reduce the quality of healthcare, to worsen patient
satisfaction, and ultimately to increase healthcare costs.
The findings of this study indicate that nurses with good
job salary, good working conditions and co-worker support
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tend to be more satisfied with their job. These findings can
be used by hospital managers, professional associations,
and health policy makers to develop strategies to increase
income in this occupational group, improve working con-
ditions, and safety. This will increase motivation and job
satisfaction in hospitals and reduce the nurses’ intention
to leave the profession.
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PapHa Momsau,uja 1 3a40B0/bCTBO 60NHUYKMX MeanUUHCKUX cecTtapa

y byrapckoj — ctyamnja npeceka

bopjaHa AHrenoBa-JleBtepoBa’, JopaaHka leoprujesa-bopykosa?

'MegunumnHckm yHuBep3uTeT y Mnosamey, Oferberbe 3a 34paBCTBEHN MEHALIMEHT 1 3[paBCTBEHY ekoHoMujy, MnoBams, byrapcka;
“MepnumHckmn yHuBep3uTeT y MnoawBy, OakynTeT jaBHOT 3ApaBsba, Mnosams, byrapcka;

*YHuBep3wuTeTcka 6onHnua Kacnena, Mnosaus, Byrapcka

CAXETAK

YBoa/Lium KOHKYpeHTHO TpXULITe 34paBCTBEHE 3alUTHTe
OPUjeHTICAHO je Ha KBaNIUTETHe 30paBCTBEHE YCIlyre, a noTpara
3a edrIKaCHMM MeTofjaMa 3a NOOOSbLLAHE KBANIUTETA OBUX YCITy-
ra CTasiHv je 13a30B 3a MeHallepe y 34paBcTBy. YTBphHeHo je Aa
3a[j0BO/bCTBO PafiOM MEANLIMHCKUX CecTapa AUPEKTHO yTrnye
Ha KBaJIUTET Here 1 3aj0BOJbCTBO HoNecHMKa.

Linrb oBe cTyanje 610 je pa ncnuta Gpaktope Koju yTnyy Ha
MOTMBALjy 1 3aJ0BOJbCTBO MOCIOM MeAULNHCKMX cecTapa.
Metope CnpoBefieHa je CTyAvja npeceka y NPMUBaTHAM 1 jaBHUM
6onHuLama pervje MnoBavB (Bpyru No BENNYUHN PETVIOH Y
Byrapckoj), Koje cy 6a3e 3a 06yKy 1 HacTaBy 3a MEAUNLUHCKe
cecTpe. Y30pak je 06yxBaTrio MELULIMHCKE CECTPE KOje paje Ha
VIHTEPHUM Ofie/berlIMa, XVPYPLLKVIM OfieSberbuMa, jeAnH1Lama
VNHTEH3VIBHE HEre 1 HeypPOmOLWKUM Ofe/berMa.

DOI: https://doi.org/10.2298/SARH210609080A

Pesyntatu BehuHa yuecHuka, 55 (67,1%), pagu y jaBHum 6on-
HMLama, a 27 (32,9%) y nprBaTtHUM 6onHuuama. CBu ncnuta-
HULM Cy XeHe npoceyHe ctapoctu 50,57 + 11,6 rogmHa. Camo
40,3% mMeanLUMHCKMX cecTapa je 3aJ0BOJbHO CBOjUM PafioM,
a 0cobsbe jaBHYX 6ONHMLIA 0OMYHO je He3aA0BObHNje, NaKo
o6a ceKTopa HaBOAe NaTy 1 YCJIOBE paja Kao BaxkHe U3BOpe
He3a[J0BO/bCTBa.

3akmyuak CTyguje o MOTMBaLMjU 1 3aA0BOJLCTBY MOCIOM
1rpajy BaxkHy ymnory y npy»arby oaroBapajyhe MeauumHcKe 3a-
WITUTE Y 3PaBCTBEHOM CeKTOpy. Pe3ynTaTyi oBe CTyAmje noka-
3yjy 3Hauaj Lo6pe nnate Ha pPafHOM MecCTy, O6PVIX yCioBa paja
1 NofpLLKe Kosera 3a 3aJ0BO/bCTBO MOC/IOM.

KrbyuHe peum: cTyamja npeceka; MOTVBaLMja 3a Mocao; 3aA0-
BOJbCTBO MOC/IOM; MEANLIMHCKE CECTPE; 30PaBCTBEHA 3aLUTUTA
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SUMMARY

Introduction/Objective The aim of this study was to examine the immunohistochemical features of the
vascularization of the anterior cruciate ligament (ACL), as well as the quantification of capillaries within
the three segments of the ACL; proximal, middle and distal. The quantification and metric characteristics
of mast cells of the ACL are the second goal of this research.

Methods In total, 30 human ACL of 30 persons, obtained during routine autopsy, were examined under
the microscope, following immunohistochemical reactions against CD34 of blood vessels and MastTrip

of mast cells.

Results The middle genicular artery close to the ACL gave off branches for the supply of ligament itself.
Each field of mm? contained an average number of 1113.84 (959-1240), microvessels in ACL proximal
third, an average number of 1145.43 (924-1310) microvessels in ACL middle third, and an average num-
ber of 1134.55 (889-1451) microvessels in ACL distal third. An average number of mast cells of the ACL
was 3.8 per mm?2. In the peripheral synovial zone of the ACL, we counted 12.6 mast cells per mm?2. An
average area value of the mast cells was 124.7 um? and an average value of shorter and longer axis of

the mast cells was 11.2 X 15.0 um.

Conclusion There was no statistically significant differences between the average numbers of intraliga-
mentous microvessels of the ACL thirds (p > 0.05), confirming and supporting our hypothesis of uniform

distribution of blood supply within the ACL.

Keywords: anterior cruciate ligament; intraligamentous microvessels; mast cells; immunohistochemistry

INTRODUCTION

The anterior cruciate ligament (ACL) is an
intracapsular but extrasynovial ligament. The
cruciate ligaments are covered by a fold of sy-
novial membrane which incompletely divides
the joint in the sagittal plane. The histological
structure shows that the intercellular matrix of
cruciate ligaments consists of parallel bundles
of collagen fibers, separated by thin reticular
fibers. Ligaments belong to the group of hypo-
cellular tissues, and the cells that can be found
in the structure of ligaments have the charac-
teristics of fibroblasts [1]. ACL injuries are as-
sociated with various risk elements related to
the extrinsic and intrinsic factors. Intrinsic fac-
tors of ACL tear include morphology of inter-
condylar notch of femur and proximal plateau
of tibia, and the distribution of blood supply
within the ACL [2].

The popliteal artery (PA) is the main blood
vessel that supplies the knee joint, and its in-
jury is common in the knee luxation and frac-
tures of the lower extremities’ bones. After

originating from the PA, the middle genicular
artery (MGA) pierces through the posterior
part of articular capsule and enters the area
of the intercondylar fossa, where it divides by
providing numerous branches to both cruciate
ligaments and menisci [3]. With its terminal
branches, the MGA participates in the vascu-
larization of cruciate ligaments, branching out
into small blood vessels that form a periliga-
mentous network within the synovial sheath
surrounding the ligaments. From the synovial
membrane the capillaries originate and pen-
etrate the ligaments at right angles, where they
are longitudinally oriented forming intraliga-
mentous vascular network. The distal part of
the ACL is also supplied by branches of the PA:
inferior lateral genicular arteries (ILGA) and
inferior medial genicular arteries (IMGA) [4].

The network of blood vessels surrounding
the ACL is significantly more developed com-
paring with the intraligamentous area, whereas
the distal part of the ligament is the least vas-
cularized. The reason for this difference can be
found in the specific histological structure of
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the distal part of an ACL ligament, i.e., there is a zone of
fibrocartilaginous tissue, which results in a certain degree
of compression of blood vessels, consequently leading to
weaker vascularization of this part [4, 5]. The mast cells
(MCs) are present in different tissues close to blood ves-
sels, containing different granules with bioactive molecules
(histamine, cytokines, heparin, and tryptase) [6].

Immunohistochemical methods of staining enable pre-
cise identification and analysis of the capillary network of
three parts; proximal, middle and distal segment of the
ACL, as well as the quantification and metric characteris-
tics of MCs of the ACL.

METHODS

Immunohistochemical studies were performed on 30 iso-
lated ACL specimens obtained from cadavers of persons
of both sexes (18 males and 12 females) aged 36-72 years
(mean age 58.6 years) during autopsies at the Institute of
Pathology of the Medical Faculty of Belgrade, with the
approval of the Institute of Pathology. The material for
histochemical and immunohistochemical staining meth-
ods was prepared in a standard manner at the Institute of
Histology and Embryology and the Institute of Pathology
of the Faculty of Medicine in Belgrade. The ACL samples
were fixed in 4% neutral buffered formaldehyde solution
for 24 hours, in a volume 20 times greater than the volume
of the immersed tissue. After the fixation was completed,
the samples were divided into three thirds (proximal, mid-
dle and distal) knowing that the lower part of the ligament
was marked with the blue thread. They are then further
prepared by a routine procedure, which includes dehy-
dration, impregnation, and molding in paraffin/paraplast
(Bio-Plast plus, Bio-Optica, Milan, Italy). Each sample of
15 ligaments embedded in paraffin was cut transversely,
and 15 ligaments were cut longitudinally, serially, on a mi-
crotome (RM 2255, Leica Microsystems GmbH, Frankfurt,
Germany) until the ligament was completely cut and the
order of sections was carefully marked. Tissue sections
4-5 pum thick were mounted on special high-adhesion
glass slides (SuperFrost Plus, Dako, Glostrup, Denmark),
dried for 60 minutes in a thermostat at 56°C and then
stained. The sections underwent immunostaining by in-
cubation with two primary antibodies, CD34 (antibody
Dako Denmark A/S, M 7165, dilution 1:25), and anti-mast
cell tryptase (Dako Denmark A/S, M 7052, dilution 1: 100)
according to the staining protocol.

During the staining process of ligament slices, negative
controls were represented by tissue samples to which a
non-immune serum was applied instead of primary anti-
bodies. The intensity of the immune response was deter-
mined semiquantitatively by two independent researchers
as strongly positive (+++), moderate (++), weak (+) or
negative (-). The number of microvessels identified by im-
munostaining was counted manually in the software sys-
tem “Leica Interactive Measurements” (Leica Microsystems
GmbH, Frankfurt, Germany), on 10 randomly selected
tields of view of each section at x 400 magnification (field

‘ DOI: https://doi.org/10.2298/SARH220414091L
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size 341.7 pm X 250 pm), then the number for the area of
1 mm? was subsequently calculated. The number of im-
munostained MCs was counted with a similar procedure
applied.

The analyses of descriptive statistics that we used were
arithmetic mean values with standard deviations, and
minimum and maximum values. We used the student’s
t-test for independent samples and one-way analysis of
variance (ANOVA) followed by Bonferroni’s corrective.
The probability level of p < 0.05 was considered as a sta-
tistically significant difference. All statistical analyses were
performed using the statistical program SPSS (SPSS for
Windows, release 17.0, SPSS Inc., Chicago, IL, USA). The
study protocol was approved by the Ethics Committee of
the Faculty of Medicine, University of Belgrade, Belgrade,
Serbia (No. 1322/V-10, Date 20-05-2021).

RESULTS

Our research has shown that the MGA, branch of the PA,
in the close vicinity of the ACL sent more small arteries for
the vascularization of the ligament itself. The distal part of
the ACL received branches from the ILGA and IMGA, also
originating from the PA (Figure 1). Precise measurements
gave diameters of these branches, from 0.022 mm to 0.049
mm (in average 0.032 mm). Upon separation from the PA,
ILGA, and IMGA branched and formed a fine synovial
arterial network on the ACL surface from which originated
thin penetrating vessels for ligament tissue. Studying the
ligament slices, we noticed small arteries, arterioles, pre-
capillaries, capillaries, venules and small veins. Only the
capillaries reached the deepest parts of the ligament. The
MGA also sent penetrating nutrient branches to the femo-
ral attachment of ACL, and surrounding bony tissue of the
lateral femoral condyle. The ILGA and IMGA branches

Figure 1. 1 - the anterior cruciate ligament; and 2 — the posterior cruci-
ate ligament are supplied from the 3 - middle genicular artery, 4 — the
inferior lateral genicular artery and 5 - the inferior medial genicular
artery; note the femoral nutrient branches of the middle genicular
artery (arrows), 6 — the lateral meniscus, 7 - the medial meniscus, 8 —
the lateral condyle of femur, and 9 - the intercondylar fossa (medial
view, dissection of knee specimen injected with India ink)
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Figure 2. Intraligamentous microvessels in the transverse sections of A — proximal part; B - middle part; C - distal parts of the anterior cruciate
ligament (CD34 immunostaining)

Table 1. Vascular density in three parts of anterior cruciate ligament:
proximal, middle and distal third; mast cell density in synovial and
intraligamentous tissues; and metric characteristics of tryptase posi-
tive mast cells

120004

Anterior cruciate Proximal Middle Distal third 110,00
ligament third third
Ne° of microvessels/ 959-1240 924-1310 889-1451
mm? min-max (M) (1113.84) | (114543) | (1134.55) g
Tissue Synovial tissue Intraln_.?amentous z
tissue -

N° of mast cells/mm?: 6-18 0-7
min-max (M) (12.6) (3.8)

Average shorter and Ao

2).
longer, and mean Area value (pm?):

. min-max
diameter (um): (M= SD)
min-max (M = SD) - 7000
Metric pv(}nmalrlhuo mxudi; third dlsta\'tmrd
characteristics of 11.2x15 91.5-155.8 anterior cruciate igament
tryptase positive (13.13£0.9) (124.7 £16.2) . o ] ] - ]
mast cells Figure 3. Distribution of number of microvessels in proximal, middle
and distal third of anterior cruciate ligament
supplied the tibial attachment of ACL, and the upper bony | -3
surfaces of the lateral and medial tibial condyles. <A\ "B

Dividing the longitudinal central axis of the ACL into A “/
thirds enabled us to analyze the partial vascularization of
the ACL. The average microvessel intraligamentous density |, . -2
of the proximal third of the ACL counted in microscopic L‘ e} y S =
fields was 95.2 (82-106), and recalculated for the area of |} A '+ ":;_p*
1 mm?® of ACL tissue was 1113.84 (959-1240) (Figure 2 Figure 4. Tryptase-positive mast cells (arrows) in A - intraligamentous

and Table 1), tissues; B — synovial tissues of the anterior cruciate ligament (anti-mast
cell tryptase immunostaining)

The intraligamentous vascular network of the middle
third of the ACL, showed the average number of blood
vessels per mm? of ACL tissue was 1145.43 (924-1310)
(Figure 2 and Table 1). zone of the ACL, reach in blood vessels, we counted 12.6

The intraligamentous density of CD34 positive mi-  (6-18) MCs per mm? (Figure 4). An average area value of
crovessels of the distal third of the ACL, the average num-  the MCs was 124.7 + 16.2 um?* (91.5-155.8 um?), and an
ber of blood vessels per mm? of ACL tissue was 1134.55  average value of shorter and longer axis of the MCs was
(889-1451) (Figure 2 and Table 1). 11.2 x 15 um (on average 13.13 + 0.91 pum) (Table 1).

Testing the significance of the difference in the num-
ber of ACL microvessels, based on analysis of variance
(ANOVA), by comparison on three thirds of the ACL, DISCUSSION
proximal, middle and distal, it was observed that all val-
ues are not statistically significant, p > 0.05, i.e., there was ~ Our analysis of the ACL specimens related to their peri-
no statistically significant difference in the number of mi-  ligamentous vascularization are in agreement with already
crovessels with regard to thirds of the ACL. Blood vessels  published results on this topic. The ACL receives arterial
are uniformly distributed regardless of the observed part ~ blood from MGA, ILGA and IMGA [1, 3]. The arteries
of the ACL (Figure 3). originating from the MGA branch in the form of a net-

An average number of immunostained MCs of the  work in the synovial tissue that surrounds the ligament.
ACL was 3.8 (0-7) per mm? In the peripheral synovial =~ From the synovial tissue, small arteries deep into the ACL
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and continue as longitudinally oriented intraligamentous
vessels. Blood vessels are also found in the interfascicular
connective tissue, between the longitudinal bundles of fi-
bers, where they are protected from the forces of ligament
stretching.

The ILGA and IMGA, branches of the PA, supply the
bony parts and the skin above the lateral tibial condyle,
and at the level of the upper border of the medial tibial
condyle respectively [7, 8]. Developing and planning the
perforating flaps in this region may be initiated including
these arteries [9]. The ILGA and IMGA are also responsi-
ble for the blood supply to the distal part of the ACL, what
was evident in our study. The surgeons should acquire a
profound anatomical knowledge of the respective arteries
and the extent of the perfused area in order to preserve the
distal attachment of the ACL.

The blood supply to the ligament itself is much smaller
than the vascular network of the synovial membrane. The
network of periligamentous vessels within the synovial
membrane extends the entire length of the ligament. The
authors also describe these vessels as tortuous blood ves-
sels, which allow them to withstand the demands of com-
plex ligament movements [4, 5]. Thus, the synovial arterial
network is very dense, and extends the entire length of
the ligament, while in the ACL itself the capillary network
is not so intense. In the ligament itself, capillaries follow
the bundles of connective fibers. Our findings in the ACL
arterial supply agree with this statement. These intraliga-
mentous blood vessels of the ACL could rupture as a result
of minor trauma creating an intraligamentous hematoma
followed by knee pain and limitation of motion [10].

ACL injuries are among most frequent disabling inju-
ries associated with athletic or other activities (e.g., dif-
ferent accidents). Most ACL injuries occur during sports
like skiing, pivoting (e.g., soccer) or non-pivoting sports
(e.g., running), that involve dynamic movements such as
jumping, pivoting, and cutting. The ACL reconstruction
procedure is currently the most common surgical tech-
nique for ACL tears. The procedure includes direct ar-
throscopy, preparation of graft material (e.g., bone-patellar
tendon-bone graft), drilling a canal, and fixation of femoral
and tibial sides of graft with titanium screws [11]. Both,
ACL reconstruction, and non-surgical treatment (e.g., re-
habilitation) are accepted procedures with the potential
to restore acceptable knee joint function, offering good
quality of life. The patients with a surgical procedure of
ACL reconstruction report better knee function compared
with the non-surgical group [12]. In the other study, most
patients who had unsuccessful rehabilitation therapy after
ACL injury reported instability, not optimal knee function,
and pain during activity. They required and underwent a
delayed ACL reconstruction [13]. Increased vascularity
and remodeling of human ACL graft in the first year after
surgery indicate its insufficient mechanical properties, and
need for an extended rehabilitation program [14].

Complications of the ACL reconstruction have been
described, including the vascular injuries. The surgeons
should be aware about the possible injury to geniculate
arteries [15, 16]. Vascular injury or avulsion of the MGA

‘ DOI: https://doi.org/10.2298/SARH220414091L
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can also occur during posterior cruciate ligament (PCL)
reconstruction during open procedure with a posterior
approach [17]. According to our investigation reported
avascular necrosis of the medial femoral condyle, as a
complication of ACL or PCL surgery, is the result of not
preserved femoral nutrient branches of the MGA.

In case of a femoral avulsion tear, primary ACL repair
in carefully selected patients possess apparent advantages
over ACL reconstruction. Natural healing of the repaired
proximal ACL tear is additionally achieved by using a high
strength suture tape for the stabilization and protection of
ligament from excessive elongation. Restoration of native
ACL maintains its structural anatomical characteristics,
proprioceptive and biomechanical functions. ACL primary
repair is safe less invasive procedure, avoids graft-related
complications, and faster rehabilitation is possible [18,
19]. Preserved periligamentous synovial sheath should be
confirmed before the repair because of the mesenchymal
stem cells which are evident in the tissue surrounding the
blood vessels [20]. For revascularization, it is necessary
that the site of graft attachment in case of its reconstruction
is covered with a synovial membrane. The remnant tissue
promotes formation of a fibrin-platelet scaffold, revascu-
larization and ligamentization of ACL [21]. Primary repair
promotes cell proliferation in the tendon-bone transitional
zone and ligament portions, reduces osteoarthritis-like
pathological changes, and maintains blood vessels within
the ACL. Histological immunohistochemical research us-
ing CD34, the most sensitive endothelial marker of blood
vessels, confirmed that the microvessels have a significant
effect on tissue healing during the primary repair [18].
Our research performing CD34 immunostaining reported
a fine synovial arterial network on the ACL surface from
which originated thin vessels for the fibrous tissue of the
ligament itself, and penetrating vessels for its femoral at-
tachment and surrounding femoral bony tissue. The pre-
cursor cells from the surrounding tissue could invade the
area and start fibroblast proliferation and collagen pro-
duction within the repaired tissue as a basis for biological
repair.

Studies using the injection technique have shown un-
even vessel density in parts of the ACL. One group of au-
thors claims that the vascularization of the proximal and
distal parts of ligaments is rich, while between the vascular
network of the central and distal part there is a completely
avascular area. The coincidence of a poor vascularity and
the occurrence of fibrocartilage in the ACL may be caused
by the compression in area of the ligament related to the
anterior border of the intercondylar fossa when the knee
is in full extension. The proximal portion of the ACL has
better vascularity. The MGA gives rise to ligamentous
branches proximally, and courses distally along the dorsal
aspect of the ACL [1, 3, 4, 5]. According to some authors,
the poor healing potential of the ACL is a consequence
of the weaker vascularization of the lower central parts
of the ligament. According to the other study the distal
portion of the ACL have many blood vessels and vascular-
derived stem cells than in the middle third of the liga-
ment [22]. One recent study quantified relative perfusion
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of proximal, middle, and distal thirds of ACL injected with
contrast using magnetic resonance imaging scanner. They
demonstrated greatest mean relative perfusion within the
proximal ACL region, followed by the middle third, and
the least relative perfusion in the distal part [23].

To contrast previous studies, the present research has
clearly shown the uniformity of vascularization of all parts,
the three thirds of the ACL. The difference between the
results of our research and the previous studies is prob-
ably in the method used in this study. Injection techniques
can give unexpectedly unreliable results depending on the
condition of the blood vessels and the quality of the injec-
tion material. Many of the earlier studies have been done
on an animal model, which often cannot be extrapolated
to humans, especially due to the different anatomy of the
structures being compared. Because of the small number of
analyzed cases in a number of papers the reported results
are not relevant. In our opinion the immunohistochemi-
cal results are more relevant for analyzing an average ACL
vascularization. Analyzing the position of extraligamen-
tous synovial blood vessels approaching the ACL it was
evident the existence of greater vascular network close to
the proximal attachment of the ligament. We already stat-
ed that penetrating vessels from the synovium supply the
femoral attachment of the ACL, and surrounding femoral
bony tissue, but the intraligamentous vascular density was
uniformly distributed through the ACL.

The MCs are present close to blood vessels in all con-
nective tissues. Activation and degranulation of MCs
comprise different granules with bioactive molecules
(histamine, cytokines, heparin, and tryptase) into the
local tissues. MCs can cause endothelial activation, va-
sodilatation and plasma extravasation, and contribute to
neurogenic inflammation [24]. Activated MCs participate
in tissue remodeling, by activating connective tissue cells
and angiogenesis, by releasing histamine and the activa-
tion of other cells (macrophages and platelets) [6, 25]. Our
research demonstrated very modest presence of MCs in
the tissue of ACL, an average of 3.8 cells per mm?. The pe-
ripheral synovial tissue of the ACL, reach in blood vessels,
contained 12.6 MCs in average per mm® Our observations
suggests that the periligamentous synovial sheath of the
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MUKpoaHaTOMCKe KapaKTepUCTUKe apTepujcKe BacKynapusaumje npestbe yKpLTeHe

Bese

[apko Jlaketuh'!, Mapko Cumuh?, JeneHa bomarosuh', lapko JoBuh?, Xpuctoc I Anekconynoc?, busbaHa Butowesuh,
Anekcangpa 3enerosuh', Jbybomup JuHuh®, Munad Munucasbesuh'
'YHuBep3uTeT y Beorpapy, MeanumHckun dakyntet, UIHcTUTyT 3a aHaTomujy ,Huko Murbanuh', Jlabopatopuja 3a BackynapHy aHaToMujy,

Beorpag, Cpbuja;

YHusep3utet y beorpagy, MeanunHcki dakyntet, YHBep3UTeTCKM KNMHUYKK LeHTap Cpbuje, KnnHnka 3a optonepcky xvupyprujy 1

Tpaymatonorujy, beorpag, Cpbuja;

3YHMBeP3UTETCKM KNMHUYKN LeHTap Peny6ninke Cpricke, KnuHmKa 3a nnacTnyHy 1 pEKOHCTPYKTUBHY Xvpyprijy, batba Jlyka, Penybnnka

Cpncka, bocHa v XepuerosuHa;

*Akafiemuja BaCmMTaYKo-Me[MLIMHCKNX CTPYKOBHYIX CTyauja, ofcek Rynpuja, Kpywesal, Cpbuja;
YHusepauTet y MpuwtuHu, GakynteT 3a cnopt 1 Gr3nyKo Bacnutatbe y Jlenocasuhy, KocoBcka Mutposuua, Cpbuja;
YHusep3uTet y Huwy, MeguumHckm dakynteT, YHUBEP3UTETCKN KNMHMYKY LeHTap Huw, KnuHrka 3a yponorujy, Huw, Cp6uja

CAXETAK

Yeoa/Uum Lnn ctyauje je 610 Aa ce npoyye MMyHOXMCTOXe-
MUjCKe KapaKTepucTuKe BacKynapu3saluje npegte yKpLteHe
Be3e (MYB), Kao 1 KBaHTUdMKaLIMja KannapHUX Cy[0Ba y NPOK-
CUMAJTHOM, Cpeftbem 1 ancTanHom cermenty MYB. Opyru unm
OBOT UCTPaxnBatba buna je KBaHTUOVKauwja 1 ogpehrBame
MepHMX KapakTepucTrka mactouuTa MYB.

Mertopge TpupeceT xymaHux [1YB nopeknom og 30 ocoba, fo-
61jeHNX PyTUHCKOM 064YKLMjOM, MPOyYaBaHN Cy Nog MUKPO-
CKOMOM MOC/Ie UMYHOXMCTOXEMUjCKMX peaKLuja Ha eHLOTeNHN
Mapkep CD34 KpBHUX CyA0Ba M MacTOLMUTHY TPUMTa3y Npucy-
THMX MacToLmTa.

Pesynratu Cpepra aptepuja koneHa (a. media genus) y Heno-
cpepHoj 6nvsuHy MYB paje BuLe Manux aptepuja HaMmetbeHUX
BacKynapusauuju camor nurameHTa. lMpoceyaH 6poj kanunapa
Ha KBaApaTHOM MUIMMETPY NOBPLUVHE MoJba npenapata NpokK-
cmante TpehuHe MYB n3Hocro je 1113,84 (959-1240), cpeptse

DOI: https://doi.org/10.2298/SARH220414091L

TpehuHe 1145,43 (924-1310), BOK je Kop aucTtanHe TpehnHe
IMYB n3Hocro 1134,55 (889-1451). NMpoceuaH 6poj mactoumnTa
no KBagpaTHOM MunnmeTpy npenaparta MYB n3Hocuo je 3,8. Y
nepudepHoj cMHoBWjanHoj 30HM MYB nocTojasno je npoceyHo
12,6 macTounTa No KBagpaTtHoM munumeTpy. [poceyHa no-
BPLUMHA TPUNTa3a NMO3UTUBHUX MacToumTa 6una je 124,7 um?.
MpoceyHa BpegHOCT Kpaher u gyxer npeyHuka henwvja 6una
je 11,2 x 15,0 um.

3aksmyuak Mopeheme Tpu TpehnHe MYB, npokcumanHe,
Cpepme 1 AnCTanHe, Nokasarno je fa BPeAHOCTY KanunapHe ry-
CTUHE Y BE3U HUCY CTaTUCTUYKN 3HavajHe, p > 0,05; 0fHOCHO He
MOCTOj CTaTUCTUYKM 3HaYajHa pasnmka y 6pojy MUKpoCcyaoBa
no TpehuHama lNYB. KpBHY cyaoBu ce yH1dpopmHo pacniopehyyjy
6e3 0631pa Ha nocmaTtpaHu aeo MYB.

KmbyuHe peun: npeftba yKpLUTEHa BE3a; UHTPANIraMeHTO3HN
MMKPOCYAOBM; MaCTOLTU; UMYHOXVCTOXeMUja
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Pulmonary and central nervous system aspergillosis
in a patient with COVID-19 infection

Jelena Ljubi¢i¢', Natasa Colovi¢?, Jelena Bodrozi¢?
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2University of Belgrade, Faculty of Medicine, Belgrade, Serbia;
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SUMMARY

Introduction Patients with COVID-19 infection are vulnerable to a variety of serious complications,
including invasive fungal infections such as aspergillosis. Because pulmonary aspergillosis is difficult to
confirm with perfect confidence, it has been classified as “proven,”“probable,” and “possible.” We present
a patient with COVID-19 infection in whom a “probable” pulmonary aspergillosis was complicated by
hematogenous spread into brain with formation of multiple abscesses.

Case outline A 67-year-old female was diagnosed with COVID-19 infection using polymerase chain reac-
tion (PCR) from a nasopharyngeal swab. The patient had never been vaccinated before. Despite standard
therapy and noninvasive oxygen support, the patient’s health deteriorated one month following the
onset of the disease, with chest discomfort, cough, and hemoptysis. Thoracic computed tomography
(CT) revealed bilateral infiltrative lesions with varying diameters of cavities, primarily in the left lung, as
well as modest effusions in both pleural spaces. Aspergillus hyphae were isolated from tracheobronchial
aspirates. Despite therapy with Amphotericin B, which was only available antifungal medication at the
time, the patient fell into a coma. A CT scan of the skull revealed several infiltrative lesions inside the brain,
some with cavities suggestive to metastatic abscesses, most likely of fungal etiology (Aspergillus) as a
result of hematogenous spread of pulmonary aspergillosis. Despite therapy and all other precautions,
the patient died. The autopsy was not carried out.

Conclusion In addition to other complications, COVID-19 patients may develop pulmonary aspergillosis,

which can be fatal because of the possibility of hematogenous spread to the brain.
Keywords: COVID-19; invasive pulmonary aspergillosis; brain

INTRODUCTION

Fungal infections are one of the problems that
people with COVID-19 infection are prone
to. As a result of respiratory alveolar damage
brought on by COVID-19 infection, these tis-
sues are more vulnerable to microbial infections
and fungal invasions [1]. COVID-19-associated
pulmonary aspergillosis (CAPA) is an invasive
fungal complication, which emerged in inten-
sive care units even in previously immuno-
competent patients which were on mechanical
ventilation [2, 3]. CAPA may also appear in se-
verely ill COVID-19-infected patients receiving
noninvasive ventilation in intensive care units,
especially in those who have concomitant con-
ditions and are receiving protracted immuno-
modulatory medication therapy [4].

CASE REPORT

An unvaccinated against COVID-19 67-year-
old female presented on September 15, 2021
with cough, chest pain, and high fever. A na-
sopharyngeal swab was positive for COVID-19
by polymerase chain reaction (PCR). She was
treated on the outpatient basis with antibiot-
ics (cephixime, levofloxacine), fraxiparine

— low molecular weight heparin (LMWH) and
antiviral drug - favipiravir. As the patient's
condition did not improve, she was admitted
to the General hospital in Kraljevo four days
later. On examination dyspnea dominated. She
was under oxygen mask and O, saturation was
normal (98%). Chest radiography showed bi-
lateral basal pneumonia. Otherwise, she was
submitted to angioplasty of right coronary
artery due to myocardial infarction in 2009
and she has put on permanent treatment with
aspirin (100 mg/day), angiotensin-converting
enzyme inhibitors and nitrates medication.
Echocardiography showed reduced ejection
fraction of 50%. At admission laboratory
data were as follow: white blood cells (WBC)
10.36 x 10°/1, neutrophils 88.4% (9.16 x 10°/1),
lymphocytes 8.2% (0.850 x 10°/1), hemoglo-
bin (Hb) 141 g/l platelets 124 x 10°/1. Except
moderately elevated glycaemia, biochemical
analyses were within normal ranges (Table 1).
D-dimer 1.54 mg/l, (C-reactive protein) CRP
17.1 mg/l, Fe 4.2 umol/l, ferritin 110 pg/ml, tro-
ponin 6.0 pg/ml. Fourth day after admission to
hospital the patient suffered more severe chest
pain and dyspnea so she had to be transferred
to pulmonary unit. Control laboratory data
worsened (Table 1). She was developing covid
cytokine storm. The dose of corticosteroids
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Table 1. Laboratory results

Ljubicic¢ J. et al.

Date 15.09.2021 | 19.09.2021 | 23.09.2021 | 1.10.2021 | 7.10.2021 | 15.10.2021 | 26.10.2021 | 29.10.2021
White blood cell count x 1071 8.59 10.36 14.31 7.6 11.44 7.28 6.02 12.29
Hemoglobin g/I 140 141 135 152 115 104 93 105
?ff;;oxp:‘ggff)’“”t %(absolute | ;5 60, (6.49) | 88.4(9.16) | 94.9(13.58) | 87.1(6.61) | 91.1(10.43) | 94.7 (6.89) | 95.9(5.77) | 98 (12.059
g:“rﬁ’thf%ﬁﬁl)m“m %(absolute | 170 (146) | 82(0.85) | 3.5%(0.5) | 95(072) | 65(074) | 34(025) | 28(0.17) | 1.2(0.15)
Platelet count x 10%I 134 127 161 202 132 107 99 73
Bm";?(f: /T)rea nitrogen (BUN 6.90 7.60 6.53 12.40 10.92 9.05 11.47 205
Creatinine mg/I 81 80 58 68 64 89 71 137
Glycaemia mmol/I 10.44 13.56 13.93 16.35 31.19 6.97 8.44
Creactive protein mg/I 2.3 17.1 187.2 14.7 2.5 10.8 172.7 263.5
Ferritin ng/| 110 474 451 786 494 1494 /
D-dimer mg/I FEU 277 1.54 057 1.85 078 / /
Lactate dehydrogenase 1U/I 410 510 504 4.54 505 473 688 1126
FIBRINOGEN 3.1 1.9 24 52 83

Figure 1. a, b, c - thoracic computed tomography scan showed generalized, partially necrotized inflammatory consolidation of distal part of
left lower lobe with signs of numerous cavities of different size, on the right lung with partially necrotized inflammatory infiltrates with signs of
cavities within; d, e, f - computed tomography scan of head showing multiple inflammatory lesions through the brain some of which forming

abscesses up to 34 mm in diameter

was increased up to 240 mg of methylprednisolone. She
was also treated with broad spectrum antibiotics, LMWH,
fluconazole and put on permanent noninvasive oxygen
therapy, and diabetes mellitus (of which she was not previ-
ously aware of) was regulated by infusion pump of insu-
lin. Corticosteroid therapy was not interrupted during the
whole hospitalization, but its dose was reduced during pe-
riods of the improvement. The patient suffered Clostridium
difficile enterocolitis which was at first unsuccessfully treat-
ed with metronidazole orally, afterwards vancomycin was
introduced in doses of 125 mg every six hours, and the
patient responded well to treatment. However, soon after,
general condition deteriorated developing hemoptysis in
the middle of October. Laboratory data showed low num-
ber of lymphocytes 0.25/1 x 10°/1, CRP was 10.8 mg/], Hb
dropped to 104 gr/l.

‘ DOI: https://doi.org/10.2298/SARH2120716084L

Chest CT scan was performed on October 20, 2021
showing bilateral moderate pleural effusions, interstitial
focal consolidations and restrictive segmental atelectasis,
complicated by cavitary zone of consolidation in lower left
pulmonary lobe with significant reduction of parenchyma.
The next day condition further deteriorated. During the
night between October 29 and 30, the patient became so-
porose, and was transferred to intensive care unit. The
patient’s family disagreed with starting the patient on me-
chanical ventilation, so she stayed on noninvasive ventila-
tion. Laboratory data also deteriorated, especially factors
of inflammation CRP 310.5 mg/l, troponin 8.35 ng/l, WBC
9.59 x 10%/1, neutrophils 97.8% (9.38 x 10°/1), lympho-
cytes 1.4% (0.13 x 10°/1), Hb 112 g/l, platelets 76 x 10°/1.
Control thoracic CT scan performed on October 26, 2021
showing generalized, partially necrotizing inflammatory
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consolidation of distal part of the lower left lobe with
signs of numerous cavities of different size, on the right
lung with partially necrotized inflammatory infiltrates
with signs of cavities (Figure 1a, b, and ¢). From tracheo-
bronchial aspirate branching hyphae of aspergillus were
isolated. Amphotericin B was given as the only drug that
was available, colistin, meropenem, corticosteroids and
LMWH. As the patient became comatose, endocranial CT
scan was performed showing multiple inflammatory le-
sions throughout brain. Some of the inflammatory focuses
in brain were radiographically classified as abscesses up to
34 mm in diameter (Figure 1d, e, and f). The patient died
on November 1, 2021. Autopsy was not performed.

This study was done in accordance with the institutional
committee on ethics.

DISCUSSION

It is well known that immunodeficient patients with he-
matological malignancies such as acute leukemia patients,
patients with hematopoietic stem cells transplantation are
at highest risk for invasive fungal infections such as asper-
gillosis, candidiasis and mucormycosis [5, 6]. CAPA may
even occur in immunocompetent patients, most frequently
in those in intensive care units who are on mechanical
ventilation, usually 10-14 days after establishing the di-
agnosis. Less frequently it may occur in patients who are
not on mechanical ventilation particularly during cytokine
storm, acute respiratory distress syndrome (ARDS) or in
those who are on prolongued immunomodulatory drugs.
The most frequent cause of fungal infection is Aspergillus
fumigatus [7]. According to different authors the incidence
of CAPA ranges between 3.8% and 33.3% of patients, de-
pending on geographic area, while the overall incidence
was 7.6% for proven, probable or possible CAPA [2, 8].
A low number of lymphocytes and severe lung damages
caused by SARS-CoV-2 virus are risk factors for develop-
ing invasive fungal infection [1]. The further risk factors
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for development of fungal infection are an administration
of immunomodulatory agents, especially prolonged use
of corticosteroids in severe COVID-19 patients [2, 8] as
well as significant comorbidities such as previous pulmo-
nary disease, renal failure, diabetes mellitus, liver failure,
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The European Confederation of Medical Mycology/The
International Society for Human and Animal Mycology
expert group established criteria for diagnosis and classi-
fication of CAPA, based on clinical factors, chest imaging
and microbiological findings of Aspergillus presence, ac-
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ability of diagnostic procedure that have been performed
[3]. The group advised diagnostic bronchoscopy in patients
with high clinical suspicion for fungal infection in order to
collect secret from bronchi for evaluation (PCR, galacto-
mannan test and cultures). However, it turned out that in
real practice a bronchoscopy was not frequently performed
in the intensive care units because it generates aerosols
which is considerable risk for spreading COVID-19 dis-
ease to health care workers [5]. CAPA galactomannan test
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positive. In our patient there were no technical possibili-
ties to perform either galactomannan test in serum, or in
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in immunocompetent patients who are in intensive care
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rienced ARDS, cytokine storm, or have received prolonged
treatment with high doses of corticosteroids or other im-
munomodulatory medications (tocilizumab).
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Acneprunosa nnyha u LeHTpanHor HepBHOT cUCTEMa Kog, 60necHUKa ca UHPeKLmujom

Kosugom 19

JeneHa Jbybuunh', Hatawa Yonosuh?, Jenerna bogpoxunh?
'Onwra 6onHuua, CryaeHnua’, Kpaseso, Cpbuja;

2Ynusepautet y beorpagy, MegnunHcku pakyntet, beorpag, Cpbuja;

YHuBep3uTeTCKu KNUHUYKK LieHTap Cpbuje, KnuHuka 3a xematonorujy, beorpag, Cp6uja

CAMETAK

YBopg bonecHnuu ca MHOeKLMjom KoBUAOM 19 MOANIOKHY Cy
pa3HMM BpCTama KOMMAMKaLmja, Na u HBa3UBHVM ITbUBUYHUM
MHdEKLMjaMa, Kao LUTO je acnepruniosa. Acnepruiosa ce Kog,
HbIIX HE MOXeE Ca CUrypHOLURY 1aKo A0Ka3aTw, Tako fia ce HeHa
AujarHosa KBanudukyje Kao,fokasaHa’,,BepoBaTHa” 1, moryha”
MpyiKa3yjemo 6onecHuLy ca nHdeKLmjom KoBUAom 19 Kop Koje
je ,BepoBaTHa” acnepruno3sa niyha meTtactasupana y Mo3ak
posoaehy Ao MynTURAKX ancLeca Mo3ra.

Mpukas 6onecHuka Kog >xeHe cTape 67 rofvHa AnjarHoCTn-
KoBaHa je MHdeKLMja KOBUAOM 19 naHYaHOM peaKLnjoM yMHO-
aBatba (PCR) 13 HazodapuHreanHor 6puca. MiHaue 6onecHuua
Huje 6rna BakLMHMCaHa. YNPKOC CTaHAAPAHOM fleyetby 1 He-
MHBAa3VBHOj OKCMreHoTepanuju, Ctakbe 6onecHuLe ce norop-
LWafo MeceL AaHa nocsie noyeTka 6onectu ca nojasom 6010Ba
y TPYAMMa, KallsbeM 1 XxeMonTu3ujama. KomnjyTeprizoBaHa To-
Morpadwmja rpyaHor Kolla nokasana je uhduntpate y oba nayh-

DOI: https://doi.org/10.2298/SARH2120716084L

Ha Kpuna ca opmmpatbem KaBUTeTa pasHe BENIMUMHE Y H1Ma 1
Matbe 13nviBe y 06e nneypasHe gynbe. V3 TpaxeobpoHxujanHor
acnupara 13onoBaHe cy xude acneprusyca. YNpKoc neyemy
amdoTepuLmHom b, Koju je jenuHo 6uo goctynaH, 6onecHumua
je pa3Buia KOMaTO3HO CTakbE, @ KOMMjyTePM30BaHa TOMOrpa-
dwja mo3ra je nokasana myntunne MHGUNTPATUBHE Ne3uje ca
MeCTUMNYHM GopMUpatbeM KaBUTETa Koju Cy OfiroBapan
MeTacTaTCKUM ancLecMma, BEPOBaTHO MbMBUYHE eTHOMOTIje
(Aspergillus), HacTane xemaToreHom ArceMuHaLujom 13 nayha.
YnpKoc cBMM Tepanujcknm mepama, AOLLO je [0 NeTanHOr C-
xopa. CxoAHoO npenopykama, ayTorncuja Huje paheHa.
3akmyuak Mehy 6pojHumM KomnnmKauujama, obonenm of Kosu-
pa 19 mory pa3swuTy acneprunosy niyha, koja 36or moryhHocTn
XEMaTOreHOT WMPEHA Ha MO3aK MOXe [OBECTM [0 JIETaNHOM
ncxopa.

KmbyuHe peun: koBug 19; nHBasnBHa acneprunosa nnyha;
MO3aK
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Intrathecal baclofen therapy and COVID-19 infection
- report of three cases
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SUMMARY

Introduction Patients with severe spasticity are effectively treated with intrathecal baclofen therapy
(ITB), but because of their invalidity, in case of infection, prognosis is poor.

Case outline We present three cases (two men and one woman) of patients treated with baclofen intra-
thecal therapy due to spasticity of all four extremities who underwent SARS-CoV?2 virus infection. Two of
them have multiple sclerosis, and one has trauma of the cervical segment of the spinal cord. In all three
patients, the clinical presentation of COVID-19 infection occurred within six months of implantation of
the pump for ITB. They were successfully treated in hospital with same dose of the drug and without
exacerbation of neurological status. Barthel index (Bl) and modified Rankin score were same before and
after COVID-19 infection. In two cases Bl was 20, and in one 69; and modified Rankin score (mRS) was 3
in one case, and 5 in two cases.

Conclusion Patients with severe spasticity who require intrathecal baclofen therapy can be safely treated

regardless of the pandemic.

Keywords: intrathecal therapy; baclofen; spasticity; COVID-19

INTRODUCTION

Spasticity is a consequential symptom of sev-
eral neurologic conditions that result in central
paresis. It has been described in stroke, multiple
sclerosis (MS), brain trauma, and in children
with cerebral palsy and can heavily affect qual-
ity of patients’ life [1]. Treatment of spasticity is
based on medication and rehabilitation in order
to improve their daily activities. They are usu-
ally treated with oral administration of baclofen
(GABA-B agonist), tizanidine (alpha-2 adren-
ergic agonist) or tolperisone (sodium and cal-
cium channel blocker at the level of brain stem)
[2, 3]. When oral therapy is insufficient or the
patient does not tolerate the drug side effects,
intrathecal therapy may be considered. If testing
for intrathecal baclofen therapy (ITB) is success-
ful, these patients can be effectively treated [4].

Recent Corona virus pandemic caused ma-
jor turbulence in the majority of services, in-
cluding health care. Patients with ITB are prone
to poor prognosis in case of infection [5].

We present three cases of patients treated
with ITB due to spasticity of all four extremi-
ties who have been infected with COVID-19.
Degree of neurological disability was measured
with several scales: spasticity by the Ashworth
scale, performance in activities of daily living
by the Modified Barthel Index (BI), level of
pain by the visual analogue scale (VAS) and
level of function by the Modified Rankin scale
(mRS) [6,7, 8].

CASE REPORT
Case 1

A 60-year-old male patient, previously diag-
nosed with C7-Th1 discus hernia, was admitted
to our hospital due to the spinal cord trauma
at the C7-Thl level in November 2019. Lower
extremity plegia and high-grade palsy of the
upper extremities on both sides were stated
during examination. Four days after the trau-
ma a massive pulmonary embolism occurred,
limiting possible therapy for next two months.
Also, spastic type of paralysis (Ashworth grade
IIT) has developed. Patient’s therapy was con-
tinued on the physical medicine ward (BI 2,
mRS 5). Since maximum dosage of tizanidine
therapy gave no results considering spasmoly-
sis (Ashworth grade III, pain level 9 on VAS
scale), it was decided that the patient should
be tested for intrathecal Baclofen application
(positive test on 100 pg bolus for four hours)
and Synchromed II pump (Medtronic Inc.,
Dublin, Ireland) was implanted in September
2020. After the operation, tizanidine therapy
was canceled, and daily dosage of Baclofen was
gradually risen during physical therapy to 800
ug in 24-hour intrathecal continuous infusion.
Significant reduction of pain (VAS 3) and ex-
tremities spasticity (more notably on upper ex-
tremities) were achieved, BI was 12 and mRS 5.

Two months after the implantation of ITB
system, nasopharyngeal swab was taken and
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PCR test on SARS-CoV-2 was performed, due to high
fever (39°C), drop of lymphocytes in leukocytic formula,
as well as an occurrence of breathing difficulties. The test
came back positive. Chest radiography showed transpar-
ency reduction (“ground glass”) on both sides. COVID-19
therapy protocol gave subjective improvement in the first
days, but on the 18th day of COVID infection, worsening
of the patient state was observed. His oxygen saturation
has decreased, followed by anuria and deterioration in con-
sciousness which progressed to somnolence. In the follow-
ing period, lymphocytes continued to drop and there was
sudden rise of all inflammatory factors, so the patient was
admitted to the Intensive Care Unit (ICU), where he was
intubated and started on mechanical ventilation. During his
stay at the ICU, spasticity worsened to preoperative level.
One week later, after stabilization of patient’s state of
consciousness and oxygen saturation recovery to 96%,
he was transferred back to the neurosurgical ward and
his physical therapy was resumed. One month after the
SARS-CoV-2 infection he was vaccinated with the first
dose of vaccine. Patient was active in a wheelchair (upper
extremities palsy 4/5, lower extremities spastic plegia, on all
extremities Ashworth grade I, BI 19, mRS 5) and because
of sphincter disfunction, permanent urinary catheter was
applied. Baclofen therapy was not discontinued and it was
resumed in unchanged dosage (800 g in 24-hour infusion).

Case 2

Our second patient was 49-year-old female, diagnosed with
MS. Her first symptoms occurred in 2010 as sense of tingling
in her feet which progressed to lower legs and later occurred
in her hands. Her walk was unstable with maximal distance
estimated 1 km. Her illness was primarily progressive and
she began to use a walking device in 2017. By 2018 she was
coerced to use the wheelchair and her condition worsened
with leg stiffness and hands tremor. During 2020, she had
occasional episodes of generalized fatigue, that could last 12
hours during the day and resolve spontaneously.

In neurological status, she had severe spastic quadri-
paresis, which was more prominent in lower extremities
(Ashworth grade III+ on lower and grade III on upper
extremities, BI 12, mRS 5). Because of painful spasticity
(VAS 5), she was tested for intrathecal baclofen application
which reduced spasticity and pain after 100 pug bolus for
3.5-hour period.

The patient was operated on in May 2021, when
Synchromed II pump (Medtronic PLT) was implanted and
programmed for 200 pg/24-hour administration. Dose was
gradually increased to 320 pg/24-hour during her hospi-
talization at the clinic for neurosurgery, and in the end
reached 500 pg/24-hour during her stay at the clinic for
physical rehabilitation (BI 20, mRS 5). During this period,
she was not vaccinated against SARS-CoV-2.

Four months after I'TB implantation, her body tempera-
ture rose to 38°C, oxygen saturation was 75% and inter-
stitial pneumonia pattern was observed on radiography.
She was hospitalized and treated according to National
standards for COVID-19 infection. Two weeks later, she

‘ DOI: https://doi.org/10.2298/SARH211222076N
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was discharged in good general and unchanged neurologi-
cal condition (BI 20, mRS 5). Her daily Baclofen dosage
remained the same during her hospitalization. There was
no discontinued of ITB therapy during infection.

Case3

The third patient was 42-year-old man with MS. He was
treated since 2009 for primarily progressive form of the
disease, and by 2020 he started to use wheelchair (BI 51,
mRS4). Because of prominent spasticity (Ashworth grade
III) and oral spasmolytic therapy intolerance, he was tested
for ITB positive in April 2021 after 50 pg of baclofen bolus.
Synchromed II pump (Medtronic PLT) was implanted in
May 2021 and dosage was set at 100 pg/24 hrs. After the
operation spasticity was reduced and initial rehabilitation
treatment was prescribed (BI 69, mRS 3). He was vacci-
nated with two doses of SARS-CoV-2 vaccine.

Four months after, he was hospitalized in COVID hos-
pital due to confirmed infection (body temperature 39°C,
positive PCR). During this time oxygen saturation did not
drop below 95% and chest radiography did not show any
signs of inflammation. After one week he was discharged
from the hospital for house care.

After the end of quarantine period, he was admitted to
the hospital for regular follow-up. His neurological status
remained unchanged (severe spastic palsy of the lower ex-
tremities — Ashworth grade II, BI 69, mRS 3), so his daily
dosage was same, without any discontinued during infection.

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

DISCUSSION

Intrathecal drug delivery systems are widely used as an
option for treatment of severe spasticity and intractable
pain in last four decades [9, 10, 11]. It is the most effective
treatment in situation when conservative methods have
proved insufficient or intolerable [12, 13]. This treatment
is expensive at first, but two years after implantation the
costs of the device equate with alternative therapy [14-17].

As with any therapeutic modality, complications are
possible. ITB is often placed in patients who are already
in medically difficult state and complex to treat and as
such, have higher risk of illness at baseline. Therefore,
these devices require close supervision and time-sensitive
management by a specially trained medical professionals
[18]. Puck-Faes et al. [11] has found that patients with a
spinal origin of spasticity, lower mRS and higher BI have
a higher risk to sustain complications. Complications can
be divided in four categories: drug-related, pump-related,
catheter-related, and infections [9, 19]. Infections, as com-
plication, have been reported in 5-26% of cases and were
more common among traumatic spinal cord injuries [9].
They may appear at any time, after implantation or after
revision [11, 20]. Long-term aftercare with baclofen pump
refill was proved to be safe, with an infection rate of 0.6 %
per puncture for each refill [4]. In our experience with ITB,
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we have not observed any infection related to surgery or
refill of the pump to date. Also, no drug, pump or catheter
related complication were detected.

COVID-19 outbreak led to significant changes in al-
most all aspects of everyday life, affecting healthcare prac-
tice as well. It poses a great risk for patients on ITB due to
increased occurrence of infection, as well as the possibility
of missing the pump supplementation with the drug. In
some cases, this can be life-threatening [21].

Two out of the three presented patients had severe dis-
ability with mRS score of 5 and with Bl less than 20, while the
third patient had moderate disability with mRS score 3 and
BI 69, which is in accordance with experience of Puck-Faes et
al. [11]. The patient with spinal trauma had the most severe
disability among the presented cases. Presented patients did
not had ITB system-related infection, but like all those who
have suffered a severe disability, there are higher risks.

Based on our first case in November 2020, we have de-
cided that any patient with ITB and COVID-19 infection,
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should be treated in hospital conditions in order to avoid
complications and aggravation of their already difficult
state. Since the effect of spasmolytic therapy was satis-
factory, the daily dose of baclofen was not changed. Our
opinion is that COVID-19 infection does not require a
change in ITB therapy protocol, as well as the refill of the
ITB system. It could not be remotely managed according
to telemedicine services [22].

During COVID-19 pandemic, special attention should

be paid to patients in more severe condition, referring to
their mobility. The availability of health service is neces-
sary, both in order to supplement the system and, given
their altered immunity, to treat them adequately in case
of infections. Patients with severe spasticity who require
ITB can be safely treated regardless of the pandemic, as it
is a safe method that significantly reduces spasticity and
alleviates the degree of disability.

Conflict of interest: None declared.

20.

21.

22.

Taricco M, Pagliacci MC, Telaro E, Adone R. Pharmacological
interventions for spasticity following spinal cord injury: results of
a Cochrane systematic review. Eura Medicophys. 2006;42(1):5-15.
[PMID: 16565680]

Deer TR, Pope JE, Hanes MC, McDowell GC. Intrathecal Therapy for
Chronic Pain: A Review of Morphine and Ziconotide as Firstline
Options. Pain Med. 2019;20(4):784-98. [DOI: 10.1093/pm/pny132]
[PMID:30137539]

Vidal J, Slof J, Serrano D, Marqués T, Kumru H, Benito-Penalva

J. Cost-effectiveness of Intrathecal Baclofen Therapy in severe
refractory non-focal disabling spasticity: a Spanish hospital
perspective. Expert Rev Pharmacoecon Outcomes Res.
2017;17(1):67-76.[DOI: 10.1080/14737167.2016.1180247]

[PMID: 27142176]

Ertzgaard P, Campo C, Calabrese A. Efficacy and safety of oral
baclofen in the management of spasticity: A rationale for
intrathecal baclofen. J Rehabil Med. 2017;49(3):193-203.

[DOI: 10.2340/16501977-2211] [PMID: 28233010]

Bensmail D, Ward AB, Wissel J, Motta F, Saltuari L, Lissens J, et

al. Cost-effectiveness modeling of intrathecal baclofen therapy
versus other interventions for disabling spasticity. Neurorehabil
Neural Repair. 2009;23(6):546-52.

[DOI: 10.1177/1545968308328724] [PMID: 19228818]

Saulino M, Guillemette S, Leier J, Hinnenthal J. Medical cost
impact of intrathecal baclofen therapy for severe spasticity.
Neuromodulation. 2015;18(2):141-9. [DOI: 10.1111/ner.12220]
[PMID: 25145312]

Thomas SP, Hardesty CK, Buxton KA, Collins AB, Pruente J, Pham
KLD, et al. Pediatric intrathecal baclofen management during the
COVID-19 pandemic in the US and Canada. J Pediatr Rehabil Med.
2020;13(3):379-84. [DOI: 10.3233/PRM-200755] [PMID: 33164962]
Winter G, Beni-Adani L, Ben-Pazi H. Intrathecal Baclofen
Therapy-Practical Approach: Clinical Benefits and Complication
Management. J Child Neurol. 2018;33(11):734-41.

[DOI: 10.1177/0883073818785074] [PMID: 30009656]

Zdolsek HA, Olesch C, Antolovich G, Reddihough D. Intrathecal
baclofen therapy: benefits and complications. J Intellect Dev
Disabil. 2011;36(3):207-13. [DOI: 10.3109/13668250.2011.595707]
[PMID: 21830852]

Patel AK, Dowling M, Purcell A, O'Brien J, Moore DM. Managing

a National Intrathecal Pump Service During the COVID-19
Pandemic. Neuromodulation. 2020;23(7):922-5.

[DOI: 10.1111/ner.13225] [PMID: 32691464]

D’Ercole M, Izzo A, Fuggetta F, Rapisarda A, Burattini A, Montano
N.The impact of strategies to manage the COVID-19 pandemic on
patients with intrathecal baclofen therapy. J Neurosurg Sci. 2021.
Online ahead of print. [DOI: 10.23736/50390-5616.21.05410-2]
[PMID: 34342200]

www.srpskiarhiv.rs ‘



588

Nikoli¢ I. et al.

WHTpaTeKkanHa Tepanuja 6aknopeHom n nHdeKuuja Kosuagom 19

- NpUKa3 Tpu 6onecHMKa

Wrop Hukonuh'?, [parocnas Hectoposuh?, Hukona Penau'?, Cawa KHexesuh*, fopax Tacuh'?

'YHuBep3utet y beorpapy, MeguumHcku dakynter, beorpag, Cpbuja;

2YHUBeP3UTETCKM KNMHUYKN LeHTap Cpbuje, KnuHuka 3a Heypoxupyprujy, beorpag, Cpbuja;
3YHnBep3uTeTCKM KNUHUYKM LieHTap Cpbuje, LieHTap 3a pagronorujy 1 MarHeTHy pe3oHanLy, beorpag, Cpbuja;
*YHnBep3uUTeTCKM KNMHWYKKM LeHTap Cpbuje, LieHTap 3a aHecTe3vonorujy u peaHumatonorujy, beorpag, Cpbuja

CAXETAK

YBop bonecHMuM ca TeLLKVM CNacTULMTETOM edriKacHO ce fieye
MHTpaTeKanHOM Tepanujom 6aknodeHom. 360r hUXOBE UHBA-
NMJHOCTY, y Cyyajy MHEKLMje NporHo3a je owwa.

Mpukas 6onecHunka MpeacraBbaMo Tpy 6oNecHMKa (ABa
MyLLKapLa v jeAHy »KeHy) NeyeHa NHTpaTeKasHoM Tepanujom
6aKknodpeHoM 360r U3paxkeHOT CMaCTLMTETA CBa YETHPY EKCTpe-
MUTETa Koju cy npenexanu nHdekuujy supycom SARS-CoV2.
[1Ba 6onecHnKa UMajy MynTuny ckneposy, a jeaaH Tpaymy Lep-
BUKaJIHOT CEerMeHTa KuumeHe MoxavHe. CBa Tpy 6onecHuKa
pa3Bua cy KINMHWUYKY CIMKY MHeKuuje KoBraom 19 yHyTap
LIeCT MeceLy Of yrpaAre nymne 3a MHTpaTeKkasHy Tepanujy

DOI: https://doi.org/10.2298/SARH211222076N

6aknodeHoMm. JleueHu cy y 6ONHNYKIM YCIOBIMA Ca Hempo-
MerbeHOM [J030M JieKa, 6e3 noropLuarba HeyposoLKOr cTaTyca.
bapTenos nHaekc n moanduKoBaHu PaHKUH ckop 6unm cy uctm
npe n nocne nHdekumje kosupgom 19.Y gBa cnyyaja baprtenos
MHAEKC je 6110 20, a y jenHoM 69, a MogudrKoBaHy PaHKMH cKkop
6vi0 je 3y jenHoMm cnyyajy 1 5y ABa cryyaja.

3akrpyuak bonecHuLM ca TEWKMM CTENEHOM CNacTULMUTET,
KOZ KOjuX je HEOMXOAHa MHTPaTeKasHa Tepanuja 6aknodeHom,
mory ce 6e36efHo neuntn 6e3 0631pa Ha NaHaeMujy koBuaa 19.

KrmbyuHe peun: nHTpaTtekanHa Tepanuja; 6aknodeH; cnactu-
umTeT; KoBua 19
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The use of adipose-derived stem cells, platelet-
rich and platelet-poor plasma in the maxillary cyst
treatment

Boris Simonc¢i¢’, Maja Dimitrijevi¢?, Jelena Juloski?, Zoran R. Vuli¢evi¢?

'Mirje Medical Center, Institute for regenerative medicine and e-medicine, Ljubljana, Slovenia;
University of Belgrade, School of Dental Medicine, Clinic for Pediatric and Preventive Dentistry, Serbia

SUMMARY

Introduction The case report describes the effect of combination therapy using adipose-derived stem
cells (ADSC), platelet-rich plasma (PRP) and platelet-poor plasma (PPP) in the treatment of a maxillary cyst.
Case outline A maxillary cyst between the central incisors was identified in a healthy 54-year-old male
patient during a routine dental check-up. Following thorough clinical and radiographic examinations, the
treatment plan was presented and explained to the patient and written informed consent was obtained.
Initially, the conservative periodontal treatment was performed. Afterwards, the adipose tissue was
collected from the patient’s belly fat and ADSC, PRP, and PPP were obtained, following the Institution’s
surgical and laboratory protocols. The maxillary cyst was then surgically removed and ADSC, PRP, PPP,
and resorptive collagenous membrane were placed on the surgical site. Three-year-follow up radiographs
showed significantly reduced radiolucency and bone regeneration around apexes of central incisors.
Clinically, there were no signs of inflammation or pain.

Conclusion The positive outcome of the case presented in this report could be considered as a promising

way to treat large bone defects using ADSC, PRP, and PPP.
Keywords: stem cells; platelet-rich plasma; platelet-poor plasma; maxillary cyst

INTRODUCTION

Commonly seen cysts of the anterior region of
the maxilla are radicular cysts and nasopala-
tine duct cysts (NPDC). Radicular cysts are
inflammatory odontogenic cysts developed
around the apices of the teeth with infected
or necrotic pulp. Clinically, the lesion may be
asymptomatic and discovered by accident on a
routine dental radiograph. Their incidence is
higher between the third and the sixth decade
of life with male predominance [1]. NPDC or
incisive canal cyst is the most common non-
odontogenic developmental cysts which arises
from embryogenic remnants of nasopalatine
duct. Patients with this lesion may also be as-
ymptomatic, but many will manifest with one
or more symptoms [2]. According to previous
studies, prevalence of NPDC is significantly
higher in male patients [3]. Both mentioned
cysts can grow to significant dimensions and
their surgical enucleation can leave large defect
in the alveolar bone.

Postnatal stem cells, such as dental pulp
stem cells or adipose-derived stem cells
(ADSCs), play a significant role in tissue repair
and regeneration [4]. The ADSCs are multipo-
tent stem cells, which can be easily obtained in
large quantities during simple surgical proce-
dure [5]. According to several studies, ADSCs
can differentiate into many different cell types
and have great potential for bone regeneration,
which has been demonstrated in different in

vitro experimental studies [6, 7]. The platelet-
rich plasma (PRP), as a bioactive scaffold, took
a significant place in regenerative dentistry.
Because of its variety of growth factors, PRP
influences bone remodeling and wound heal-
ing [8].

The present case report describes the effect
of combination therapy using ADSCs, PRP and
platelet-poor plasma (PPP) in the treatment of
a maxillary cyst.

CASE REPORT

A healthy 54-year-old male came to the Simed
Zobozdravstvo Clinic, in Ljubljana, Slovenia
for a routine dental check-up in September
2017. He had no subjective problems, and the
medical history and family history were non-
contributory. Retroalveolar radiography (Figure
la), made in September 2017, showed a cystic
lesion that extends below the nasal spin and
is associated with the incisive canal. A cone-
beam computed tomography (CBCT) of the
intercanine segment of the maxilla was done
in December 2017 (Figure 2) showed a radio-
lucent, clearly demarcated lesion located along
the incisive canal and labially from it, extending
from the nasal floor to the edge of the alveolar
ridge between the upper central incisors. The
dimensions of cyst measured on CBCT were
11.63 mm x 13.42 mm x 14.82 mm (Figure
2). The apexes of both upper central incisors
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were projected into the lesion; however, they were both
surrounded by bone. The buccal lamella above the cyst
was intact, while palatal lamella appeared to be affected.
Periodontal involvement of all intercanine teeth was severe,
and the bone deficit along tooth 21 extended completely
marginally. The orthopantomogram image previously
made in 2013, brought by the patient, showed that cyst
between the upper middle incisors was already visible but
in a smaller dimension (approximately 10 x 6 mm).

In the beginning of 2018, the patient was addressed by
another dentist to three different oral and maxillofacial
surgeons for an examination and consultation due to a le-
sion that was discovered on a routine examination on an
orthopantomogram image. In their reports it was stated
that during extraoral examination no obvious abnormal-
ity was detected. The mouth opening was not blocked, the
occlusion was stable and correct, and the lips were pal-
pable without pathological resistance. A clinical exami-
nation revealed that both upper and lower dental arches
were provided with fixed partial dentures. Also, generalized
periodontal disease with periodontal pockets was present.
In the region of the upper central incisors the cyst was not
palpated, and when pressed from the vestibular side, no
secretion from the gums was observed. When probing, the
gums immediately bled, and the increased probing depth of
8 millimeters was present in both incisors distally. All three
oral and maxillofacial surgeons believed it was necessary to
surgically remove the cyst and to extract both upper middle
incisors. The periodontal treatment was also advised.

The patient returned to the Simed Zobozdravstvo
Clinic, Ljubljana, Slovenia where complex periodontal-
surgical treatments were performed, upon written in-
formed consent has been obtained from the patient. Based
on the clinical and radiographical appearance, it was sup-
posed that the lesion was a nasopalatine cyst, which was
later confirmed by the histopathological analysis. First, in
March 2018 the conservative periodontal treatment was
performed. Then, in June 2018, following the institution’s
protocols, the patient was prepared for the liposuction by
injecting local anesthetics and collagenase, prepared ac-
cording to the prescription (Lekarna, Ljubljana), in the
subcutaneous tissues around the patient’s waist. Half an
hour later, the adipose tissue from the patient was col-
lected from the belly fat, following a standard liposuc-
tion protocol, using a 100 ml syringe. After obtaining the
lipoaspirate, heparin was added to prevent coagulation
and 40 minutes of centrifugation was performed using
predetermined programs (Centrifuge, Domel Holding,
Zelezniki, Slovenia). Then, three fractions were aspirated
into three syringes: ADSCs approx. 1.5 ml, PRP approx. 2
ml and PPP approx. 2 ml. Before application of the frac-
tions in the surgical field, calcium was added to all three
syringes to start coagulation and block heparin. The men-
tioned autotransplantation protocol has been approved by
the Agency for Medicinal Products and Medical Devices
of the Republic of Slovenia, that granted the Donor Center
status to Clinic Simed Zobozdravstvo (EU Register Simed
SI100053). The nasopalatine cyst was then surgically re-
moved under local anesthesia. Incision and nasolabial flap

‘ DOI: https://doi.org/10.2298/SARH220505089S
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Figure 1. a - preoperative retroalveolar radiograph showing a cystic
lesion between roots of the central incisors; b — the 3-year follow-up
retroalveolar radiograph showing reduced radiolucency; 900 pixels
wide (300 PPI)

were made. The lesion was located along the incisive canal
and extended from the nasal floor to the edge of the alveo-
lar ridge between the upper central incisors. The apexes of
both upper middle incisors were surrounded by bone, but
also projected into the lesion. Careful enucleation of the
cyst was performed without extraction of adjacent teeth,
and on the surgical site ADSCs and PRP were applied and
covered with collagenous resorptive membrane Evolution
(OsteoBiol®, Torino, Italy) and PPP.

The sutures were removed after seven days, and the sur-
gical wound was in the healing process without complica-
tions. In September 2018 the dental check-up was conduct-
ed, tooth 21 was endodontically treated. After almost three
years, in April 2021, a follow-up retroalveolar radiograph
(Figure 1b) and CBCT (Figure 3) showed significantly re-
duced radiolucency (5.44 mm x 8.4 mm X 9.84 mm) and
bone regeneration around both apexes were visible. Also,
clinically there were no signs of inflammation or pain, and
periodontal condition of the teeth was acceptable.

DISCUSSION

Over the past decades, the regenerative dentistry represents
a progressing field of dentistry, that also involves stem cell
technology. The adipose tissue is most used as a stem cells
source for tissue engineering, because of high concentra-
tion of adult stem cells [9]. According to an earlier study,
the ADSCs may be applied in the management of alveolar
bone defects, specifically in periodontal disease, and, as
stated by the authors, further verification through human
clinical trials would be required [10]. Experiences from
other research found this application acceptable [9].
Based on a previous study, biomaterials represent sig-
nificant component in tissue engineering because of their
constant stem cells supply with nutrients, and also acting
like a biological barrier that protects cells from immune
attacks [11]. It is considered that PRP may have a consid-
erable role in tissue regeneration as a suitable biomaterial
scaffold for ADSCs, because of the high levels of growth
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Figure 2. Cone-beam computed tomography showing a radiolucent clearly demarcated
lesion located in the intercanine segment of the maxilla; 900 pixels wide (300 PPI)

studies have often reported usage of plate-
lets concentrates in oral and maxillofacial
surgery due to the sudden release of plate-
lets as a result of mixing PRP with calcium
chloride and thrombin [17]. PRP growth
factors, upon release from platelets, bind
to receptors that mesenchymal stem cells
express on surface of target cells in site of
application and initiate a signaling path-
way that can inhibit or stimulate cell dif-
ferentiation and proliferation [12, 18]. PPP
is another platelet-derived fraction which
can have a significant role in bone regen-
eration. Study carried out by Hatakeyama
et al. [19] implied that PPP gel is stronger
than PRP gel because of the slightly higher
concentration of fibrinogen and that PPP
can stimulate bone formation due to the
presence of a fibrin network that allows the
space making for bone regeneration. Both
PRP and PPP promote wound healing and
their similar biological responses indicate
that they may conduct positive effect on
gingival repair [20].

Due to significant regulatory role of PRP
and its ability to affect bone remodeling and
healing, some authors believe that the use
of PRP together with ADSCs could increase

Figure 3. The 3-year follow-up cone-beam computed tomography showing reduced

size of the radiolucency; 900 pixels wide (300 PPI)

factors and secretory proteins [12]. Minimal risk of infec-
tious disease transmission, immunologic reactions and
rejection are associated with PRP preparation from au-
tologous blood [13]. According to Aly LAA et al [14], the
use of PRP in bone surgery can be explained by the local
release of various growth factors, from alpha granules, in-
volved in reparative process of osteogenesis. They include
platelet derived growth factor (PDGF), insulin-like growth
factor-I (IGF-I), transforming growth factor-p (TGEF-f),
vascular endothelial growth factor (VEGF) and endothe-
lial growth factor (EGF) [14]. PDGF contributes in many
specific activities such as angiogenesis and macrophage
activation, collagen synthesis and enhance the prolifera-
tion of bone cells; IGF-I stimulates protein synthesis and
improves bone formation because of the osteoblasts and
their proliferation and differentiation; TGF-p shows the
ability to induce deposition of bone matrix, to promote
the production of extracellular matrix, to enhance the
proliferative activity of fibroblasts, and also may inhibit
osteoclast formation and bone resorption; VEGF is impor-
tant for vasculogenesis and angiogenesis and EGF leads to
DNA synthesis causing an increased expression of certain
genes by binding to the epidermal growth factor receptors
(EGFR) [15].

Platelets activation in PRP is one of the crucial elements
which will induce the release of multiple growth factors
from a-granules by thrombin or calcium [16]. Previous
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adhesion, migration, proliferation, and dif-
ferentiation of stem cells, and thus enhance
their effectiveness in bone formation and
mineralization [21]. Other studies, which
have used combination of ADSCs and PRP on experimen-
tal animal models, reported differentiation into alveolar
bone, cement and periodontal-like structures at the site
of the implementation [12]. In vitro investigation in rats,
carried out by Huang and Wang [22], reported excellent
cell compatibility and proliferation, as well as the influ-
ence of PRP growth factors on increased osteogenic cell
differentiation. They indicated that growth factors from
PRP are adequate approach for bone tissue engineering.
Some studies suggested that ADSCs can express synergistic
effect with PRP in bone defects therapy [14] and that hu-
man PRP demonstrate higher concentration of TGF-f1,
PDGFAA, -AB, and -BB than animal PRP [23]. Although
there are divided opinions regarding the use of PRP in
bone regeneration, some in vivo studies from other re-
search field have shown a positive PRP effect in stimulating
the healing process of bone defects [24]. Also, advanced,
second generation of platelet concentrates, platelet-rich
fibrin, proved to have beneficial effect in the treatment of
patients with chronic periodontitis when used in combina-
tion with conservative periodontal therapy [25].

In this case report, the PRP fraction was used as a
source of growth factors, which encourages stem cells to
proliferate and differentiate faster. Even though PRP con-
tains PPP, a separate fraction of PPP was used as a surgical
dressing. After the application of stem cells and PRP in
the operative field after cyst enucleation, PPP served as a
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natural glue for the stabilization and strengthening of the
collagenous membrane. Also, after suturing the wound, the
PPP fraction served as a bandage that covers the wound,
allowing for faster clot formation and better protection
of the wound against the infection. The positive outcome
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Cyst treatment with stem cells

Ynotpeba matuuHmx henunja macHor TKMBa, nnasme b6orate TpombouUTUMa
U Nnasme CUPOMaLLIHE TPOMBOLUTUMA Y Neyerby MaKCuiapHe uucTe

bopuc Cumonuny’, Maja Iumntpujesuh?, JeneHa Jynocku? 3opaH P. Bynuhesuh?

"MeguumHckm LenTap Mupje, IHCTUTYT 3a pereHepaTuBHY MeauLMHY 1 e-MeauLmHy, JbybrbaHa, CnoseHuja;
*YHueep3uTet y beorpapy, Cromatonowwku dakyntet, KnuHuka 3a feyjy n npeBeHTBHY ctomatonorujy, Cpbuja

CAXETAK

YBog Mpuka3 6onecHuka onucyje ebekat KOMOUHOBaHe Te-
panuje Kopuwherem matnyHux henuja fobujeHrx 13 macHor
TKMBa, Mna3me 6orate TpomMboOLMTMMA U MIa3Me CMPOMALLIHe
TpOM6OLMTIMA Yy Neyetby MaKkCunapHe LucTe.

Mpukas 6onecHnka Kop 3npasor 54-roguiumer MylikapLa je
TOKOM PYTMHCKOI CTOMATOJIOLWKOT Nperieaa ciyyajHo ycTa-
HOBJbEHA MaKcuapHa LuucTa namehy cpegmwmbux cekytuha.
Mocne feTarbHUX KINUHNYKKX 1 pagrorpadckmx nperneaa 6o-
NECHVKY je NpefCcTaB/beH 1 06jalutbeH NnaH neyersa v jobujeH
je nucmeHn nHdopMKcaHU NpUCTaHaK 3a Nevetbe. MNpBo je cnpo-
BeleHa KoH3epBaT/BHa MapOAOHTONOLLKa Tepanyja. [ocne Tora
je cakyn/beHO MacHO TKMBO 13 cana Ha CTOMaKy 60necHuKa 1
13 Hera cy fobujeHe maTnyHe henmje MacHor TK/Ba, Niasma
6orata TpomMbOLMTVIMA 11 NNa3Ma CYPOMaLLHa TPOMOOLNTIMA,
npema XupypLIKAM 1 nabopatopujckim npoTokonuma NHCTr-
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Tyumje. MakcunapHa L1CTa je 3aTvimM XMPYPLUKW YKNOHEHa 1 Ha
onepaTuBHO NoJbe Cy anKoBaHe MaTnyHe henuje N3 MmacHor
TKUBa, NNa3ma 6orata TPoMOOLMTMMA 1 Na3Ma CrpomallHa
TPOMOOLIMTIMA, Kao 11 PecoprTVBHa KonareHcka MembpaHa. Ha
KOHTPOTHOM PEHATEHCKOM CHUMKY MOCIIe TPU FOfMHE YOUEHO je
3HauajHO Matbe pacBeT/bere 1 pereHepaLija KOCTY OKO BpXoBa
KOpeHa roprb X cpeaubux cekytrha. KnuHnuky Hucy 6unm
NPVCYTHU 3HaLM 3anasberba unm bona.

3aksbyyak [103UTVBaH NCXOA NPYKa3aHOr Ciiyyaja Moxe ce
cmatpaTu obehasajyhum HaunHOM neyerba BeNNKMX AedeKa-
Ta BUNMYHUX KOCTWjy ynoTpebom maTnyHmx henwja 13 macHor
TKUBA, N/1a3Me 6orate TPOMOOLMTUMA 1 Ma3me CYpoMaLLHe
TpombouunTrma.

KrbyuHe peun: matnuHe henvje; nnasma 6orata TpoM60LMTIMA;
niasma CrpomallHa TPOMOOLMTIMA; MaKCMIapHa LUMcTa
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BF-fluorodeoxyglucose positron emission
tomography / computed tomography in primary
Ewing sarcoma of the lung

Ljiljana Zivgarevi¢, Svetlana Zunié

University Clinical Center of Serbia, Center for Nuclear Medicine with Positron Emission Tomography,
Belgrade, Serbia

SUMMARY

Introduction Ewing sarcoma is rare in medical practice, and evaluating positron emission tomography
/ computed tomography (PET/CT) imaging of soft tissue Ewing sarcoma is a challenge. Primary Ewing
sarcoma of the lung is an infrequent diagnosis.

Case outline A 22-year-old female patient was sent for PET/CT examination to the Center for Nuclear
Medicine with Positron Emission Tomography, of the University Medical Center of Serbia, with a referral
diagnosis of primary Ewing sarcoma of the right lung. In parallel to tumor visualization, the PET/CT imag-
ing showed a radiological entity named “kissing sign,” due to an enlarged beaver tail liver.

Conclusion According to the concept of functional mimicry and tissue specificity of molecular markers, a
better understanding of the molecular mechanisms of soft tissue Ewing sarcoma is the challenge. These
observations can be the platform for further investigation of new therapeutic regimens.

Keywords: Ewing sarcoma of the lung; "®F-FDG PET/CT; kissing sign of the liver and spleen; the beaver
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INTRODUCTION

Ewing sarcoma belongs to the group of primi-
tive neuroectodermal tumors originating from
a neuroendocrine cell in bone or soft tissue [1].
As reported by Haas et al. [1], this kind of tu-
mor often occurs in patients under 25 years
of age, but has the congenital presentation of
extraosseous Ewing sarcoma, although it is ex-
ceedingly rare. Multiple loci of soft tissue Ewing
sarcomas develop at multiple localization: lungs
[2-6], liver [7], and extremely rarely, primary
Ewing sarcoma occurs in female genital organs,
in the uterus [8].

According to the positron emission tomog-
raphy / computed tomography (PET/CT) im-
aging, this study described an extremely rare
visualization of tumor mass of Ewing sarcoma
clinically confirmed as primarily localized in
the right lung.

CASE REPORT

The present study refers to a 22-year-old female
patient admitted for PET/CT examination at
the Center for Nuclear Medicine with Positron
Emission Tomography, University Medical
Center of Serbia, diagnosed with Ewing sar-
coma of the right lung three years ago. Upper
right lobectomy and chemotherapy were
performed. There are multiple focal partially
confluent secondary tissue changes in the right
hemithorax.

Before the diagnostic examination, the pa-
tient signed her informal consent for the '*F
-FDG PET/CT study.

After the patient’s fasting six hours before
the PET/CT study, and the median cubital
vein cannulation, injection dose of 225 MBq
BE-FDG was applied, followed by a 85-min-
ute data acquisition. "*F-FDG PET/CT exami-
nation on a 64-slice hybrid PET/CT scanner
(Biograph; Siemens Medical Solutions USA,
Inc., Malvern, PA, USA). A three-dimensional
PET scan (three minutes per bed position ac-
quisitions) and low-dose non-enhanced CT
scan was acquired from the base of the skull to
the mid-thigh. Multidetector CT was acquired
with 120 kV and with automatic, real-time dose
modulation amperage (CareDose4D [Siemens
Healthare GmbH, Erlangen, Germany], with
the baseline being 45 mA) (slice thickness of
5 mm, the pitch of 1.5, and a rotation time of
0.5 seconds). CT, PET (attenuation-correct-
ed), and combined PET/CT images were dis-
played for analysis on a single Multimodality
Workplace (Siemens Healthcare GmbH).

The PET/CT study shows the condition after
upper right lobectomy, elevated anterior part
right hemidiaphragm (Figures 1, 2B). In the
middle and lower lobe of the right lung, mul-
tiple single and fused, nodular, and soft tissue
changes of variable size are observed, partly
continuously with the mediastinal, costal, and
diaphragmatic pleura, which inhomogeneous
intensively uptake *F-FDG (SUVmax 11) with
zones of absent accumulation corresponding
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Figure 1. A - coronal; B - sagittal computed tomography, fused posi-
tron emission tomography/computed tomography images of elevated
anterior part right hemidiaphragm after upper-right lobectomy

to F-FDG zones of necrosis or hemorrhage (Figures 1,
2, and 3). There is an enhanced *F-FDG accumulation in
activated brown adipose tissue in supraclavicular regions
(Figure 2A).

Liver enlarged diameter of 13 x 22 x 22 cm (Figures
1B, and 3B) contacting the left lobe of the liver and spleen,
a radiological finding known as the “kissing sign” of the
liver and spleen has appeared (Figure 3), which is due to
morphological variation of the beaver tail liver.

DISCUSSION

Dharmalingam et al. [3], state that “Primary Ewing sarco-
ma of the lung is anecdotally rare, with few cases reported
in the literature” until 2020. The “Ewing family of tumors”
includes other tissue types, such as soft tissue origin clas-
sified as extraosseous Ewing sarcoma or primitive neuro-
endocrine origin [2]. Because of the rarity of extraosseous
Ewing sarcomas, the therapeutic approach is the same as
for osseous ones [7].

The patient in this study showed no signs of reducing
tumor mass despite chemotherapy. The present study in-
dicates the radiological finding of the “kissing sign,” which
may exist because of the morphological variety of the left
liver lobe. The enlarged liver in this patient showed the
morphological type of beaver tail liver. Radiological find-
ing known as the “kissing sign” of the liver and spleen in
this specific case is a consequence of contact of the left lobe
of the beaver tail liver and spleen.

Ewing sarcomas, both bone and soft-tissue varieties,
are aggressive neoplasms. In one-quarter of patients, there
are clinically evident metastases at presentation. The pri-
mary therapeutic approach for Ewing sarcoma is systemic
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Figure 2. A - coronal; B - sagittal; C - axial computed tomography,
fused positron emission tomography/computed tomography images
(mediastinal window) of multiple single and fused nodular and soft
tissue changes of variable size in the middle and lower lobe of the right
lung, partly continuously with the mediastinal, costal and diaphrag-
matic pleura, which bind '®F-fluorodeoxyglucose inhomogeneous
intensely, with zones of absent '®F-fluorodeoxyglucose accumulation
corresponding to zones of necrosis or hemorrhage

Figure 3. A, B - axial computed tomography, fused positron emis-
sion tomography/computed tomography images “kissing sign” liver
and spleen

treatment [9]. Relapse is systemic mainly, followed by com-
bined and local relapse. The five-year post-relapse survival
rate is 15-25% [9].

Understanding the molecular biology of these tumors
and novel treatment approaches are the challenges.

The facts of Ewing sarcomas as a systemic illness evoke
the thesis on functional mimicry and tissue specificity of
the acid phosphatase family of enzymes. Acid phosphatases
are a family of enzymes with different structural, catalytic,
and immunological properties, tissue distribution, and
subcellular location [10]. There are five isoenzymes of
acid phosphatase. The tartaric acid inhibits isoenzymes
1-4, but isoenzyme 5 is resistant to the inhibition [11].
The functional relationship between the lysosomal acid
phosphatase (tartrate sensitive) and tartrate-resistant acid
phosphatase is unknown.

Isoenzyme 5 is called the tartrate-resistant acid
phosphatases (TRAP). Human TRAP is a member of a
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widely-distributed and structurally highly-conserved
group of iron-containing proteins [12]. The alveolar mac-
rophages and osteoclasts exert TRAP enzyme activity [13].
TRAPs are expressed in bone-resorbing osteoclasts (5b
form), alveolar macrophages (5a form), or can be markers
of inflammation [14]. The functional importance of TRAP
is the involvement in bone resorption and iron homeostasis
(transport, metabolism) [15]. The TRAP exerts a homol-
ogy to uteroferrin, a purple acid phosphatase family [16].

According to GeneCards®: The Human Gene Database
(https://www.genecards.org), tartrate-resistant acid phos-
phatase has marked expression in bone, stomach, colon,
liver, kidney, lung, pancreas, and prostate. The same or-
gans/tissues, including bone and lung, are referred to in
the scientific literature as loci for primary Ewing sarcoma
of soft tissue [7, 17-21]. As TRAP has a promotive effect
on cancer cell elongation, proliferation, migration, and
invasion [22], we can propose that TRAP inhibitors may
be possible therapeutic agents. According to Boorsma
et al. [23], the Au(III) compound AubipyOMe is the
most potent inhibitor of TRAP activity. The formula of
Au(IIT) compound AubipyOMe can be a step forward for
Fullerene-based delivery systems in the body as a new
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Bd-hnyopoaeoKcuriyKo3Ha NO3UTPOHCKa eMUCMOHa Tomorpaduja /
KomnjytepusoBaHa Tomorpaduja y npumapHom JyuHrosom capkomy nayha

JburbaHa 3usrapesuh, CeetnaHa KyHuh

YHVBEP3UTETCKI KNHWNYKK LieHTap Cpbuje, LieHTap 3a HyKneapHy MeanLMHY ca MO3UTPOHCKOM eMUCOHOM ToMorpadujom, beorpag,

Cpbuja

CAMETAK

YBopa JyMHroB CapKOM Huje YecT Y KIIMHNYKOj MPaKCK. YIaBHOM
3axBaTa CKeJleTHe CTPYKTYpe, AOK je N3y3eTHO peTKa rnojasa
JynHroBor capkoma ca nprvMapHOM JIoKanu3aLmnjom y Mekum
TKuBMMa. ojaBa npumMapHor JyuHrosor capkoma nnyha je
PETKOCT 1 NpeACTaBs/ba AWjarHOCTAYKM U TePANijCKn N3a30B.
Mpukas 6onecHnKa bonecHuua (22 roguHe cTapocTn) ca
AMjarHO30M NpUMapHOT JynHroBor capkoma fecHor nayhHor
Kpuna ynyheHa je Ha MCNUTUBatbe MO3UTPOHCKOM eMUCYIOHOM
Tomorpadujom / KomnjyTepruaoBaHom Tomorpadujom y LieH-
Tap 3a HyKJleapHy MeAnLUHY ca NO3UTPOHCKOM EMUCMOHOM
ToMOorpadujom YHIBEP3UTETCKOT KNUHUYKOT LieHTpa Cpbuje.
M3BpLueHa je nobektoMuja roprer gecHor nnyhHor nobyca
[iBE rofiHe paHuje 1 NprMer-eHa je xemuotepanuja. '*®-dny-
OPOLEOKCUIIYKO3Ha NO3UTPOHCKa eMICOHa ToMorpaduja je
npuKkasana myntunne GoKanHe, [ENUMUYHO KOHOYEHTHE ce-
KyHZapHe TKUBHe Aeno3ute y 1eCHOM XeMUTOPaKcy. YoueH je
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pagvonoLwKy ¢eHoMeH ,3Haka nosbynua“ cnesviHe n yehaHe
jeTpe ca aHaToMcKOM BapujaLimjom fieBor fiobyca jeTpe Koja ce
onucyje kao ¢eHomeH AabpoBor pena.

3akryuak Mpatehin fo caga objaBrbeHe nybnvKalmje Koje ce
OfJHOCe Ha BaHCKeneTHY NpyMapHy nokanvsauujy JynHrosor
capkoma nnyha, NPMMETHO je Aa ce OBaj TYMOP jaB/ba yrflaBHOM
Y BaHKOLITaHUM TKVB/Ma Y KOjUMa je n3pakeHa ekcnpecuja
Kucene ¢pocdatase pe3ncTeHTHe Ha TapTapaT. CXOAHO KOH-
uenTy GYHKLMOHaNHE MAMUKPUje U TKUBHE CnelmdUyHOCTY,
0Ba Ca3Hatba YMHe NNaTPopMmy 3a UCTPaKMBare HOBVIX Avjar-
HOCTUYKMX 1 TepanujcKUX MPUCTyna Kog JyuHroBor capkoma
HecKeneTHOr nopekna.

KmbyuHe peun: JynHros capkom nnyha; "®®-pnyopogeokcu-
rNyKO3Ha MO3UTPOHCKa eM1CcMOoHa Tomorpaduja / KomnjyTe-
pvi3oBaHa Tomorpaduja; 3HaK NosbynLa CnesviHe 1 jeTpe; 3HaK
Aabposor pena; Kncena pocdartasa pesncTeHTHa Ha TapTapat
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bisphosphonate therapy
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SUMMARY

Introduction Although bisphosphonates represent the most commonly prescribed antiresorptive therapy
for the treatment of osteoporosis and fracture prevention, paradoxically, their continuous use in some
patients can lead to an atypical femoral fracture. This type of fracture is characterized by specific features
regarding clinical presentation, mechanism of injury and radiological manifestations. The objective of
this article was to present a case of a bilateral femoral fracture associated with bisphosphonate usage.
Case outline A 70-year-old female patient was admitted to the emergency department with a severe,
throbbing pain in both thighs after a ground-level fall. Radiographs of both femurs verified bilateral
complete fracture localized in the diaphyseal region. Prior to hospitalization, she had continuously been
taking ibandronate for three years. The patient underwent percutaneous osteosynthesis with intramedullary
nailing with interlocking screws of both femurs. Six weeks after the surgical treatment, radiographic findings
indicated the presence of early signs of healing on both femurs. At the four-month follow-up, the complete
union of the bone fragments was achieved and she managed to walk without any pain and walking aids.
Conclusion Physicians still face doubts regarding optimal duration of bisphosphonate therapy. Although
atypical femoral fracture represents a rare adverse event related to bisphosphonate use, all patients
receiving this antiresorptive treatment who are complaining of new-onset unexplained pain in the thighs
for more than two weeks should be completely diagnostically evaluated in term of atypical femoral
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fracture. Patients with confirmed atypical femoral fracture should undergo surgical treatment.
Keywords: osteoporosis; antiresorptive treatment; intramedullary nailing

INTRODUCTION

Considering the steady trend of prolongation of
the average life expectancy, a decrease in bone
density, osteoporosis, continues to be a health
concern for the growing elderly population [1].
Although the available therapeutic modalities
have shown to be effective in treating this skel-
etal disorder, the rare adverse event associated
with antiresorptive therapy is an atypical femo-
ral fracture (AFF) [2]. AFF represents a stress
fracture following minimal or no trauma with a
fracture line being localized distal to the lesser
trochanter and proximal to the supracondylar
flare of the thigh bone [3]. Despite the fact that
bisphosphonates are usually the treatment of
choice for patients suffering from osteoporo-
sis, AFF develops more commonly in patients
on bisphosphonate therapy. Additionally, pro-
longed treatment duration with this type of
medications increases risk of fracture [4]. It
has been hypothesized that their use could po-
tentially lead to the severe suppression of bone
turnover, which eventually causes accumula-
tion of microdamage and consequent change
in bone structure [5].

In this article, we report a case of a bilateral
femoral fracture affiliated with bisphosphonate
usage.

CASE REPORT

A 70-year-old female patient was presented to
the emergency department with severe, throb-
bing pain in both thighs after a ground-level
fall. The patient gave a history of preexisting
dull aching pain over both thighs that lasted
four months before admission to the hospital.
She was diagnosed with osteoporosis three
years prior to hospitalization. The diagnosis
was established after a mechanical provocation
which led to a vertebral fracture at the level
of L2-L3. She was continuously taking iban-
dronate tablets in the monthly dose of 150 mg
for three years. Apart from bisphosphonate
therapy she was on a thyroid hormone replace-
ment therapy due to a total thyroidectomy. Her
medical history was positive for iatrogenic hy-
pothyroidism. The patient was a smoker and
her body mass index (BMI) was 22 kg/m?.
Physical examination revealed presence of
a bilateral deformity as well as tenderness to
palpation over both thigh regions. Active and
passive motion of hip and knee joint were lim-
ited due to the pain. On admission, lower ex-
tremities were neurovascularly intact.
Radiographic examination verified the pres-
ence of a bilateral complete fracture localized
at the level of the diaphysis. Regarding the
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Figure 1. Radiographs showing complete fracture at the diaphysis on
the right (a) and left (b) femur

Table 1. Laboratory and DXA assessment

Parameters Value
Intact parathyroid hormone (pg/mL) 66.5
25(0OH)D total (nmol/L) 84
tP1INP (ng/mL) 262.1
CrossLaps (pg/mL) 561
DXA scan

Tscore L1-L4 -3.3
BMD (g/cm?) 0.787

tP1NP - total procollagen 1 amino-terminal propeptide;
DXA - bone density test

fracture configuration, fracture lines were initially trans-
verse with an oblique segment at the medial aspect of both
femurs, without comminution (Figure 1.). The results ob-
tained by analysis of the complete blood count as well as
the biochemical panel were within the reference range.

When the diagnosis of an AFF was confirmed, antire-
sorptive treatment was stopped and patient underwent
percutaneous osteosynthesis with intramedullary nailing
with interlocking screws of both femurs.

Intraoperative and postoperative course was unevent-
ful. After discontinuation of bisphosphonate, laboratory
and Bone Density Test (DXA) assessment were carried out
and the results are presented in the Table 1. She was com-
menced on vitamin D and calcium supplement therapy.
The patient was discharged home on the seventh postop-
erative day in a good general health condition.

Six weeks after surgery, radiographic findings indicat-
ed the presence of early signs of healing on both femurs
(Figure 2 a) and b)) and the patient was allowed to walk
with a walker bearing her weight. At four months follow-
up, the complete union of the bone segments was achieved
and she managed to walk without any pain and walking
aids (Figure 2 ¢) and d)). On further medical checkup, six
months postoperatively, she did not report any ailment and
the mobility of the hip joints reached a satisfactory level
of recovery. Differences in quality of life before and after
the surgery were measured by Short Form Health Survey
(SF-36) and scores are shown in Table 2.

One year after the operation, due to the high risk of
fracture as well as presence of osteoporosis on lumbar ver-
tebrae revealed in DXA scan, alendronate was introduced
to therapy.

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10):598-601

Figure 2. Radiographs showing the presence of early signs of heal-
ing six weeks after surgery [(a) and (b)] and complete union on both
femurs four months postoperatively [(c) and (d)]

Table 2. Short Form Health Survey (SF-36) scores

Short Form Health Survey (SF-36) Before | After
Physical functioning (%) 15 65
Role limitations due to physical health (%) 0 50
Role limitations due to emotional problems (%) | 33.3 100
Energy/fatigue (%) 40 70
Emotional well-being (%) 56 80
Social functioning (%) 50 75
Pain (%) 225 77.5
General health (%) 35 55
Health change (%) 0 75

DISCUSSION

In clinical practice, the most commonly used group of
medicines for the treatment of osteoporosis and fracture
prevention are bisphosphonates. Although generally well
tolerated and effective, paradoxically, bisphosphonate
therapy in some patients can cause AFFE. They interfere
with bone remodeling processes leading to changes in
the mechanical and regenerative properties of bone [6].
Management of osteoporosis with bisphosphonates is fol-
lowed by high relative risk of developing AFF, ranging from
2.1 to 128, while the absolute risk expressed numerically
ranges from 3.2 to 50 cases per 100,000 person per year.
Prolongation of therapy correlates with a significantly in-
creased risk which was observed to be 100 cases per 100
000 person per year [3]. The mechanisms of AFF’s de-
velopment have still not been completely understood. It
is assumed that bisphosphonates are responsible for the
irregular and increased collagen cross-linking, which leads
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to the formation of focal zones of dense and brittle bone,
mostly in the subtrochanteric region, which is sensitive to
the high tensile and compressive forces. Low bone turnover
in these zones causes microdamage accumulation which
subsequently progresses to fracture [7].

There are still no clear guidelines regarding the optimal
duration of a bisphosphonate therapy. Prolonged retention
at the bone surface can be explained by their high affinity
for hydroxyapatite [8]. Although current guidelines sug-
gest that after five years of treatment with bisphosphonates
patient should undergo reevaluation and therapy should be
stopped, study conducted by Lo et al. [9] demonstrated that
patients receiving this therapy are at higher risk for AFF
even after three years of continual antiresorptive treatment.

In 2010, the Task Force of the American Society for
Bone and Mineral Research (ASBMR) defined the major
and minor criteria following diagnosis of AFF, which were
afterwards revised and published in 2014. In the case of
AFEF localization is essential for diagnosis and the fracture
line is placed in the diaphysis region somewhere distal to
the lesser trochanter to just proximal to the supracondylar
flare. To diagnose AFF presence of four major features out
of five is required, that may or may not be accompanied
with minor features. Major features are: association with no
or minimal trauma, no or minimal comminution, involve-
ment of the lateral cortex in both, complete and incomplete
fracture, though complete fracture might be associated
with a medial spike, transverse fracture line with the po-
tential oblique orientation medially, localized periosteal
or endosteal thickening at the lateral cortex (“beaking”
or “flaring”). Minor features include generalized cortical
thickening of the femoral shaft, bilaterality, prodromal
symptoms (pain in the groin or thigh) and prolongation
of healing time [3]. The fractures in this report were con-
sistent with all of the major and with a few of the minor
features. Considering previously mentioned minor fea-
tures, our patient complained of pain in both thighs prior
to the fall and she experienced bilateral femoral fracture.
Therefore, diagnosis of a bisphosphonate induced AFF
was made.

Koh et al. [10] demonstrated that duration of bisphos-
phonate therapy for more than five years without pause
period, prolonged use of glucocorticoids and a higher
BMI increase the risk of AFF. Findings of another re-
search article were consistent with previously mentioned
predisposing factors, although authors reported that Asian
race also has an additional impact on the increase of the
fracture incidence [11]. Rheumatoid arthritis, increased
anterior and lateral femoral curvatures and thicker lateral
femoral cortex of diaphysis were recognized as a possible
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contributor for development of an AFF as well [12]. None
of the listed risk factors were present in our patient.

Several factors determine the therapeutic approach:
type of a fracture (complete or incomplete), presence of
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patients with incomplete AFF. Indication for intramedul-
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According to a study conducted by Kim et al. [14], after
the operation, patients achieved radiological union be-
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Kang et al. [15] demonstrated that observed healing time
differed according to the duration of therapy. Fracture
union was achieved in 4.8 + 2.5 months in patients who
taken bisphosphonates for less than three years, but the
time required for healing was 9.3 + 3.7 months in those
who taken antiresorptive therapy for more than three
years. In our patient the time required for healing was
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An observational follow-up study was conducted in or-
der to investigate the incidence of new fragility fractures
following an AFF. Results demonstrated that in a group of
patients who sustained an AFF incidence of fractures was
high. The majority of reported fractures were located on
vertebrae, hip, humerus or forearm. In patients with high
risk of fragility fractures bisphosphonates or denosumab
might be continued after the completion of healing process
in surgically managed bilateral AFFs [16].

In conclusion, physicians still face doubts regarding op-
timal duration of bisphosphonate therapy. Although AFF
represents a rare adverse event related to bisphosphonate
use, all patients receiving this antiresorptive treatment
who are complaining of new-onset unexplained pain in
the thighs for more than two weeks should be completely
diagnostically evaluated in term of AFF. Patients with con-
tirmed AFF should undergo surgical treatment.
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CAXETAK

YBog /lako 6ucdocpoHaty npeacTasbajy Hajuewhe nponu-
CVBaHy aHTUPECOPNTUBHY Tepanujy 3a neyere 0CcTeonopose
1 MPEBEHLMjy NPenomMa, NapafgoKCcasHO, HIX0Ba KOHTUHYMpPaHa
NpUMEHa Kofl HeKX 60sIeCHMKa MOXe [la AoBee A0 aTUMUYHOT
npenoma demypa. OBy BPCTY NnpesioMa oanvkyjy creuudunyHe
KapaKTeprCTUKe y mornegy KNMHUYKe Npe3eHTaluje, MexaHu-
3Ma nospehuBatba 1 PagMoNoWwKNx MaHupecTaLmja.

Linmb oBor papa je 610 Aa ce nprikaxe cnyyaj obocTpaHor npe-
noma pemypa Koju je yapyxeH ca npumeHom brcdocpoHarta.
Mpuka3s 6onecHuka CegamaeceToroaniltba bonecHnua npu-
M/beHa je Ha OfieSbere YpreHTHe MeauLMHe 360r CHaXXHOT, ny”-
cvpajyher 6onay obe byTuHe Koju je HacTao Nocsie naga Ha
1CTOM H1BOY. Pagrorpamom oba demypa BeprdprKoBaH je 060-
CTpaHu npenom demypa IoKanun3oBaH y peruju gnjadpuse. OHa
je Tpv roguHe Npe xocnuTanm3auuje y KOHTUHYMTETY y31Mana
nbaHgpoHart. bonecHuua je NoABpPrHyTa NepKyTaHoj OCTeo-
CUHTE3U Ca MHTPaMefyNapHUM KJIMHOM 1 3aKibyyaBajyhum
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wpadosmma. LLlecT Heperba Noce onepaTUBHOT 3axBaTa pa-
Aanorpadckm Hanas je ykasao Ha MpuCyCTBO PaHUX 3HAKOBa
3apacTara Ha 06a dpemypa. Ha KoHTponHOM npernegy nocne
YETVPY MeceLia KOLUTaHW YIIOMLM CY KOMIIETHO cpaciu 1 6o-
necHuUa je Morna Aa xopa 6e3 nojase 6ona v nomarana.
3ak/yyak Jlekapu 1 gasbe Majy HefoymuLe Be3aHe 3a onTu-
MaJIHO Tpajarbe Tepanuje bucdocdoHatma. lako atmnmnyHm
npenom 6yTHe KOCTU NpeAcTaBiba peAak HexerbeHn aorahaj
KOju je yapy»eH ca npumeHom bucdpocdoHarta, cBu 6onecHu-
L1 Ha OBOj aHTUPECOPNTUBHOj Tepanuju 1 Koju ce »ane Ha
HoBOHacTanu 6on y 6yTuHama HepasjalutbeHe eTronoruje, a
Koju Tpaje Ay»Ke of AiBe HeAerbe, Tpeba Aa 6yay noTnyHo aujar-
HOCTMUKM 06paheHn y MpaBLy aTUNMYHOr Npenoma demypa.
BonecHuuy ca noTBphHeHUM aTMNYHIM NPENoMom By THe KOCTu
Tpeba Aa ce NofABPrHy OrepaTBHOM Nleyekby.

KrbyuHe peun: 0cTeonoposa; aHTMPEeCopnTMBHa Tepanuja;
VHTpamegynapHa dpukcauyuja
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SUMMARY

Introduction B-cell chronic lymphocytic leukemia (CLL) can be easily overlooked in pregnancy, particu-
larly in cases with inadequate antenatal care. We report a case of pregnant woman diagnosed with CLL
and evaluate this patient with cases in literature.

Case report An asymptomatic 35-year-old woman presented with slightly elevated absolute lympho-
cyte count at antenatal monitoring in her second pregnancy. Further hematological investigations dis-
closed CLL with monoallelic deletion of chromosome 13q14. She was monitored during throughout the
pregnancy, being asymptomatic and without treatment, and delivered a healthy child at term with no
complications. After almost four years of follow up patient is without any signs of disease progression
and her absolute lymphocyte counts remained on predelivery levels.

This is the first published case of CLL diagnosed during pregnancy in Serbia. Rare similar cases published
so far have been discussed, especially in terms of disease course, long-term prognosis and available
therapeutic modalities.

Conclusion Due to the fact that nowadays many women are delaying childbearing in middle age it can
be expected that cancer diagnose could be more often found in pregnant women in the future. In a
view of the complex nature of such condition, a multidisciplinary approach for diagnosing and treating
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of pregnant women is highly recommended.

Keywords: chronic lymphocytic leukemia; pregnancy; treatment; outcome

INTRODUCTION

Approximately 1 in 1000 pregnancies is com-
plicated by any cancer diagnosis, whereby
hematological malignancies comprising
11.5-18% of these cases [1, 2, 3]. Among he-
matological malignancies the most common
are Hodgkin’s disease, non-Hodgkin’s lympho-
ma and acute myeloid leukemia, accounting
for 6%, 4.7%, and 3.2% cases, respectively [1].
The most common reason of induced abor-
tion among pregnancy induced malignancies
is hematologic disease (21%) [3]. Although it
is the most common adult leukemia, B-cell
chronic lymphocytic leukemia (CLL) has been
reported in pregnancy in less than 10 cases [4-
13]. The median age of CLL is 70 years and
approximately 2% of patients are aged < 45
years [14, 15]. Considering the male:female
ratio of 2:1, extremely small proportion of pa-
tients with CLL are expected to be females of
potentially child-bearing age [14, 15]. In such
circumstances, CLL can be easily overlooked
in pregnancy, particularly in cases with inade-
quate antenatal care (rural areas, health habits,
low social milieu, etc.).

We describe the case of CLL occurring in
pregnancy in a Serbian patient, diagnosed three
months before delivery. The review of literature
data was the basis of discussing some important
issues related to diagnosis and management

of CLL in women of childbearing age and in
pregnancy.

CASE REPORT

We retrospectively analyzed 2020 (1315 males
and 705 females, M/F ratio 1.86) consecu-
tive untreated patients with de novo CLL re-
ferred for diagnosis in the Laboratory for
Immunophenotyping and Flow Cytometry,
Diagnostic Department, Clinic of Hematology,
University Clinical Center of Serbia, in the
time period from January 2003 until June
2020. Diagnosis was established according to
the standard criteria [16, 17]. Among these
2020 patients with CLL, 320 patients were
younger than 55 years (15.8%), including 9.8%
(198/2020) male and 6% (122/2020) female,
M/F ratio 1.62. Only one of these “younger”
CLL patients was a pregnant female and her
clinical characteristics, labor outcome and
course of the malignant disease are described
in the text bellow.

A 35-year-old Caucasian woman in her sec-
ond pregnancy (first delivery three years prior,
delivered via Caesarean section), was first seen
by a gynecologist in April 2017 on her first pre-
natal visit at eight-weeks’ gestation. According
to Article 16 of the Law on Patients’ Rights,
written consent was obtained for performing



Chronic lymphocytic leukemia in pregnancy

invasive diagnostic and therapeutic procedures, as the
Approval of the Committee on ethics for the case publish-
ing. Complete blood count (CBC) showed elevated white
blood cell count (WBC) of 14.8 x 10°/1 with lymphocyte
predomination (65% WBC). Other routine antepartum
laboratory results were otherwise within normal range
together with hemostasis parameters. She was without
symptoms and denied experiencing any weakness, fever,
fatigue, or swelling. Since absolute lymphocytosis persisted
during next few gynecological checkups, she was referred
to a hematologist in August 2017. Physical examination did
not reveal any lymphadenopathy or hepatosplenomegaly.
Abdominal ultrasonography was normal. Obstetric ultra-
sonography showed normal fetal anatomy and normal fetal
circulation. CBC showed elevated WBC count of 36.4 x
10°/1 accounting for 71% of lymphocytes in differential.
Diagnostic immunophenotyping by multicolor flow cy-
tometry of native peripheral blood specimen (September
2017), showed accumulation of atypical monoclonal
mature B-cells (CD19*CD5*/SSC" cells - 57% WBC >
20.8 x 10°/1) with specific immunophenotype: CD19*,
CD20+low’ CD21+low, CD22+low) CD23+intermediate, CDSHntermediate)
CD79b"ev, EMC7%°v, CD43*"°v, CD27*"°v, CD200high,
mlgkappa*’¥; CLL Score = 4 points). According to these
findings, a diagnosis of CLL/variant FMC7* was made.
Expression of prognostic markers, CD38 and CD49d, was
not detected.

The patient was clinically doing well, and mutual de-
cision of gynecologist, perinatologist, and hematologist
was to carefully monitor pregnancy. In November 2017,
the patient was delivered by elective Caesarean section
at 39 weeks’ gestation. She gave birth to a healthy female
infant, weighing 2400 grams with Apgar score of 10.
Histopathologic examinations of the chorion and umbili-
cal cord were normal. She had an uneventful postpartum
course and regular lactation (lasting for six months). CBC
were checked up on six-week periods during pregnancy
and lactation and after that, two times a year for almost
four-year follow-up period (Figure 1). Whole body com-
puted tomography scan was done in March 2018, and did
not reveal significant lymphadenopathy or organomegaly.
G-banding and fluorescent in situ hybridization for chro-
mosome 12, 13q14.3 deletion, 17p13 deletion and 11922
deletion was performed and showed a 13q14.3 deletion in
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Figure 1. Changes in leukocyte count and absolute lymphocyte count
during four-year follow-up of the patient
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80% of cells. The patient remained without symptoms and
in good clinical condition. On her last follow-up (January,
2021) CBC showed elevated WBC of 33 x 10°/1 with 80%
of lymphocytes in differential count.

DISCUSSION

The WBC count begins to increase in early pregnancy;,
mainly due to an absolute increase in neutrophil num-
bers, but absolute lymphocyte count (ALC) (normal
range 1-4 x 10°/1) and ratio of B and T cells is essentially
unchanged [18]. This increase in the WBC count peaks
during the second and third trimester, with return to
normal female values within the first week post-delivery.
Therefore, any increase in lymphocyte count, especially
if it is persistent and/or progressive, requires a detailed
differential diagnostic approach.

In a large prospective study of 1744 women of reproduc-
tive age (i.e., 15 years and older) with non-Hodgkin’s lym-
phoma, including 198 women with CLL, Adami et al. [19]
concluded that the hormonal and immunological changes
associated with pregnancy had little or no effect on the
development of CLL. Indeed, significant changes in lym-
phocyte count were not noticed during careful monitoring
of our patient during pregnancy, lactation and regular fol-
low-up during four-year period. Histopathologic examina-
tion of the chorion and umbilical cord of our patient were
normal. There were no evidence regarding transplacental
transmission of CLL to the fetus, although two cases of
placental invasion have been reported in literature [4, 5].

According to the actual guidelines [16, 17], a watch-
and-wait approach is advised in early stages of CLL due
to the indolent nature of the disease. Since there are no
existing guidelines for CLL in pregnancy, closer monitor-
ing throughout pregnancy is obligatory to look for po-
tential complications, particularly increased susceptibil-
ity to infection or occurrence of autoimmune cytopenias.
Indications for specific treatment include a very high ALC,
followed by symptoms or risk of leukostasis or antenatal
complications. Leukostasis is rarely seen in CLL, and pa-
tients can be asymptomatic with an ALC as high as 500 x
10°/1 [20]. A high ALC should not necessarily be a trigger
for treatment, unless there is placental insufficiency, intra-
uterine growth restriction or other antenatal complications
that may be CLL-related. If there is a significantly ALC
raise, cytoreduction could be achieved with leukapheresis.
There is only one case in the literature where this has been
performed successfully for CLL during pregnancy [7].

In the matter of chemotherapy in pregnancy, the main
parameters that influence the choice of treatment are ges-
tational term, type and stage of cancer, the possibility of
transplacental transfer and risk of teratogenicity of the
drug, but also the patient’s opinion on the continuation
of the pregnancy if the disease is diagnosed at an early
term [21]. The fetus is most vulnerable to drug-related
teratogenicity during the first trimester, and consequently
chemotherapeutic agents, especially genotoxic drugs in
combination, should be avoided. Chemotherapy could
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be considered in the second and third trimester if there
is a rapidly progressive disease or local compressive dis-
ease [22], and fludarabine-cyclophosphamide-rituximab
would be the combination of choice. Single-agent mono-
clonal antibodies (e.g., rituximab), in the setting of CLL
in pregnancy, are potentially attractive first-line treatment
because of their low teratogenic risk. Garcia et al. [13] re-
ported the only case of rituximab treatment in pregnancy
with successful outcome. The safety of novel agents [23]
in the treatment of CLL (B-cell receptor pathway inhibi-
tors) in pregnancy is not yet determined and while their
efficacy and low side effect profile may be promising, they
should therefore be avoided until more data is available.
It may be preferable to deliver the infant prior to cyto-
toxic treatment, particularly during the third trimester. If
delivery is planned during the courses of chemotherapy;,
delivery should be timed 3-4 weeks after treatment to
avoid myelosuppression and infectious risk in both the
mother and newborn. Also, very important question in
this case is the assessment of risk factors for development
of venous thromboembolism in pregnancy and the puer-
perium. Royal College for Obstetricians and Gynecologists
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XpoHWUHa IMMOLMUTHA lIeyKeMMja AMjarHOCTUKOBaHa TOKOM TpyaHohe — npukas

6onecHuKa u npernea autepatype

[paromup Mapucasmbesuh'?, Haga Kparymau-Kyprosuh?®, Hatawa CraHucaBbesuh'

'KnuHuuko-60nHMYKN LeHTap , bexannjcka koca’, beorpag, Cpbuja;
YHueep3uTet y beorpagy, MegnunHcku gakyntet, beorpag, Cpbuja;
YHnBep3uTeTCKI KNUHUYKK LieHTap Cpbuje, beorpag, Cpbuja

CAXETAK

YBopg b-hennjcka xpoHnYHa NMMQOLMTHa NileyKemumja MoXKe
ce nako npesugetun y TpynHohu, nocebHo y cnyvajeBrma
HeafleKBaTHe aHTeHaTasHe Here. [prKa3yjeMo cnyyaj 60-
JleCHULIe KOjoj je TOKOM TpyaHohe nocTaB/beHa AujarHosa
XPOHMYHe nuMmdounTHe neykemuje n ynopehyjemo ra ca
pJocag objaB/beHNM CllyyajeBMMa y CBETCKO]j ITEpPaTypy.
Mpukas 6onecHuKa MoyeTkom Tpeher mecela aHTEHaTanHOT
npahera Kog 35-roauiurbe TPyAHNLE Y ApYroj TPyAHOM youeH
je bnaro NoBwiLLEH anconyTHW 6poj nMdoLyTa. XeMaToNoLWKIM
UCMUTMBAbEM NOCTAB/bEHA j€ AnjarHo3a XPOHWUYHE TMMbOLINT-
He nleyKemuje ca MOHOaseTHOM feneLujom xpomo3oma 13g14.
BonecHuua je Tokom TpyaHohe 6una 6e3 cumnToma 1 poawmna
je, 6e3 nKaKBMX KOMMIMKaLWja, 38paBo aeTe y TepMuHy. Mocne
CKOPO YeTnpu roguHe npahera 6onecHrua je 6una 6e3 nkak-
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BUX 3HAKOBa HanpeaoBakba 60ecT, a eH anconyTHY 6poj
nrmdoLMTa 0CTa0 je Ha HKBOY Npe nopohaja.

OBo je NpBM NpuKasaHu cnyydaj b-henujcke xpoHnuHe numoo-
LMTHe NeyKeMuje AnjarHoCcTMKoBaHe Tokom TpyaHohe y Cp-
6ujn. INCKYyTOBAHO je 0 peTKUM, focaf 06jaB/bEHNM CIIMYHUM
cylyyajeBuMa, NocebHo y norneay Toka 6onectu, AyropoyHe
MPOrHO3e 1 JOCTYMHUX TEPanmMjCKUX MOAANUTETa.

3aKk/byuak Y faHallkbe Bpeme BenKy 6poj xeHa ofnaxe
nopohaj 3a cpeare XKNBOTHO J06a, Na ce Yelwhe Moxe ove-
KNBaTU U JWjarHo3a ManurHe 6onectn Tokom TpygHohe. 36or
KOMMJIEKCHOCTU NPUPOZE OBAKBOT CTakba NMpenopyuyje ce mys-
TUOVCLUMNIMHAPHU NMPUCTYN Y NOCTaB/bakby AnjarHO3e U Nieyekby
TaKBVX TPYAHMLA.

KmbyuHe peun: XxpoHuyHa numoLmnTHa neykemmja; TpyaHoha;
neyekse; NCXon
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SUMMARY

The blood-brain barrier (BBB) is formed by continuous, closely connected endothelial cells, enveloped
in the basal lamina, pericytes, and foot extensions of astrocytes. BBB has a vital role in brain metabolism
and protects the brain parenchyma from harmful agents present in the systemic circulation. Damage to
the BBB and an increase in its permeability have an important role in many neurodegenerative diseases.
This paper aims to review the literature on the impact of the BBB damage on psychiatric illness, a largely
neglected and under-researched area. Links between BBB impairment and specific neuropsychiatric dis-
orders are described including schizophrenia, affective disorders, dementias with behavioral disorders,
and alcohol use disorder, with comparison to typical hereditary small vessel diseases affecting the BBB
such as cerebral autosomal dominant arteriopathy with subcortical infarction and leukoencephalopathy
and mitochondrial encephalomyopathy, lactic acidosis, and stroke-like episodes. The authors critically
summarize possible pathogenic mechanisms linking BBB damage and these common disorders.
Keywords: blood-brain barrier; schizophrenia; affective disorders; alcohol use disorder; dementia; he-

Received « MpummeHo:
April 17,2022

Revised - PeBusuja:
July 18,2022

Accepted - MpuxeaheHo:
August 1, 2022

Online first: August 25, 2022

Correspondence to:

Aleksandra M. PAVLOVIC
University of Belgrade

Faculty of Special Education
and Rehabilitation

Visokog Stevana 2

Belgrade

Serbia
aleksandra3003@yahoo.com

reditary small vessel disease

INTRODUCTION

Current research has shown that various neu-
rological diseases occur due to the structural
and/or functional disorder of the blood-brain
barrier (BBB) [1]. Most frequently studied
entities include multiple sclerosis, infectious
or inflammatory brain diseases, certain vas-
cular as well as degenerative disease such as
Alzheimer’s (AD), Parkinson’s disease, and
amyotrophic lateral sclerosis [2]. The patho-
genesis of these conditions includes damage to
the occludent endothelial junction and subse-
quently increased BBB permeability, expres-
sion of a procoagulant endothelial phenotype,
as well as the production of free radicals and
other mediators of inflammation [3]. Changes
in the structure of the BBB can be transient
and mild corresponding to the opening of the
tight junctions, but also chronic with perma-
nent damage to the BBB leading to alterations
in protein and enzyme transport. The conse-
quent activation of microglia and infiltration
of the brain parenchyma with plasma proteins
and immune cells induce the disruption of the
central nervous system (CNS) homeostasis and
damage to the surrounding brain tissue [1].
Interestingly, data in the literature on the im-
pact of the BBB damage on psychiatric illnesses
are mostly lacking. One intriguing contempo-
rary hypothesis states that the BBB dysfunc-
tion and subsequent increase in its permeability

may be the basis for the development of certain
psychiatric disorders [4]. Previous research on
experimental models indicated that the de-
velopment of psychiatric conditions as well
as the co-existence or overlap between certain
neurological and psychiatric diseases may be
explained by BBB disruption, which may widen
the therapeutic approach [4]. Therefore, our
paper aims to review possible pathogenetic
mechanisms linking BBB disruption to the
main psychiatric conditions.

THE STRUCTURE OF THE BBB

The BBB is a very complex cellular system con-
sisting of endothelial cells, pericytes, perivascu-
lar microglia, astrocytes, and continuous basal
laminae made of pericytes and foot extensions
of astrocytes [2]. These components configure
a very restrictive wall named BBB as its main
role is to maintain a safe extracellular environ-
ment for CNS neurons [2]. The impermeability
of the BBB is mostly achieved through the spe-
cific structure of the endothelium [3]. The BBB
protects the brain from toxins in the blood and
controls the transport of glucose and other nutri-
ents to the CNS, but also manages the removal of
various metabolites from the brain tissue.

The vascular wall lining the brain capillaries
is characteristically formed by uninterrupted
endothelial cells surrounded by branching
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cytoplasmatic extension of astrocytes and pericytes [3].
The endothelium of the BBB is continuous, and endothe-
lial cells form an inner sheath of capillaries. These cells
secrete numerous vasoactive substances that have a role
in the regulation of the vascular tone [1]. Nitric monoxide
(NO) is one of the most important vasodilators secreted
by these cells, and its deficiency is an important indicator
of endothelial dysfunction [5]. Endothelial cells are inter-
connected, predominantly by occluding (tight) junctions,
the most important components of BBB, as well as with
adherent compounds that provide mechanical stability
[3]. Occluding compounds form a selective barrier that
regulates and restricts the transport of certain metabo-
lites, ions, macromolecules, toxic substances, pathogenic
microorganisms, erythrocytes, and leukocytes from blood
to the brain tissue [3]. Various nutrients including glucose
and amino acids enter the brain tissue through the trans-
porters, while the introduction of large molecules such as
insulin, leptin, transferrin, and low-density lipoprotein is
carried out by receptor endocytosis [2]. Recent research
has shown that claudins (CLDNS), a family of 24 members,
are the main structural and functional elements of the oc-
cluding compounds [4]. Specifically, claudin-5 (CLDNS5) is
the most expressed occluding compound in the BBB, and
its suppression leads to BBB damage and the emergence of
a schizophrenia-like phenotype in experimental animals
(mice) [4, 6]. In addition, important integral proteins of oc-
cluding compounds are CLDN-12 [2]. The transmembrane
claudin and occluding proteins are linked by the Zonula
Occludens-1 (ZO-1) protein to the actin filaments of the
endothelial cell cytoskeleton, making ZO-1 essential for
maintaining the integrity and functioning of the occluding
compound [2]. The function of the occluding compound is
regulated by a number of factors, including vascular endo-
thelial growth factor, G-proteins, tyrosine kinases, Ca++,
cAMP, proteases, TNF- a (tumor necrosis factor-a) [7].

The characteristic feature of pericytes is contractile,
branched cytoplasmatic extensions surrounding endothe-
lial cells. They express receptors for vasoactive mediators,
such as catecholamines, endothelin-1, and angiotensin II
[1]. All these molecules play a vital role in regulating ce-
rebral blood flow through capillaries [1]. The pericytes
are critical in the maintenance, stability, and selectivity of
the BBB. The most important factor for the functioning
and homeostasis of pericytes and BBB itself, is the platelet-
derived growth factor [3]. The role of pericytes have been
evidenced in the cerebral autosomal dominant arteriopa-
thy with subcortical infarction and leukoencephalopathy
(CADASIL), AD, Huntington’s disease and amyotrophic
lateral sclerosis [3].

The foot extensions of astrocytes are interconnected
by junctions that communicate with each other (Gap
Junctions; nexus) and form a perivascular glial membrane
that envelops the outer surface of the brain capillaries [2].
Astrocytes regulate endothelial vasodynamic, proliferative
and phenotypic activities as well as their capacity for the
formation of occluding compounds within the BBB [1].
Astrocytes synthesize factors such as glial neurotrophic
factor, TGF-P-growth basal fibroblast growth factor, and
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angiopoietin-1, all acting as stimulants for the endothelial
cells [8]. They also contain aquaporins (AQP), and water
transport channels, with AQP4 being specific for astrocyte
foot extensions [9]. Changes in the BBB stability, as well
as changes in the secretion of antioxidative compounds
of glutathione and superoxide dismutase, are implied in
the pathogenesis of many neurodegenerative diseases [2].

Perivascular microglia is positioned between the endo-
thelial basal lamina and cytoplasmatic extensions of astro-
cytes, making an interconnected web of brain macrophages
[10]. These macrophages have significant phagocytic activ-
ity, by which they internalize proteins and other substanc-
es, thus reducing the detritus from the brain parenchyma.
Moreover, these cells can secrete specific cytokines enhanc-
ing the inflammatory response [11]. Perivascular microglia
have a significant role in the presentation of antigens in
the CNS. This has been demonstrated in experimental al-
lergic encephalomyelitis and studied in animal models of
multiple sclerosis [12]. Microglial cells can quickly reduce
inflammation and eliminate infectious agents before they
damage brain tissue [11].

In recent years several studies identified BBB dysfunc-
tion and its increased permeability as potentially important
factor in the development of psychiatric disorders [4, 13,
14]. Numerous control mechanisms can become disrupted
due to infiltration of brain parenchyma with neurotoxic
substances, resulting in inflammation and oxidative stress.
Our previous work has shown that oxidative stress has
a significant role in the development and progression of
psychiatric disorders, including major depressive disorder
(MDD) and bipolar affective disorder (BAD) [15, 16]. In
addition to affective disorders, current literature recognizes
the role of BBB dysfunction in schizophrenia, dementia,
and addictive disorders such as alcohol abuse.

BBB AND SCHIZOPHRENIA

Schizophrenia is a heterogeneous clinical syndrome
characterized by a constellation of symptoms divided
into positive, negative, and cognitive, often severely im-
pacting individual functionality [17]. The pathogenesis
of schizophrenia is still poorly understood, and the vari-
ability of its clinical manifestations indicates several dis-
tinct pathophysiological processes in play [17]. The roles
of neurotransmission disturbances, immune response, and
low-grade inflammation (“low-grade encephalitis”) have
been all implied [18, 19]. Recent data indicate that the
oxidative stress associated with neuroinflammation and
neurovascular endotheliopathy can lead to impairment of
BBB integrity and decreased cerebral perfusion and dis-
ruption of neuronal homeostasis in patients with schizo-
phrenia [13, 19]. The damage to occluding compounds
between endothelial cells of continuous BBB capillaries
(i.e., decreased CLDNS5 expression in the hippocampus)
has been demonstrated in schizophrenia [20]. Decreased
levels of mRNA in charge of the synthesis of occluding
compounds such as CLDN5, CLDN12, and ZO-1 appear
to be associated with schizophrenia [20]. In addition, 5-HT
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regulates the functioning of the BBB by increasing the ex-
pression of CLDNS5, potentially playing an important role
in the pathogenesis of schizophrenia. [6].

The plasma levels of astrocyte protein S100B are el-
evated in schizophrenia, making 100B protein levels a
putative treatment marker particularly in patients with
predominantly negative symptoms [14, 20]. Since S100B
is a calcium-binding protein, specifically found in the as-
trocytes, its elevation indicates astrocyte activation with
increased permeability of the BBB, which may lead to neu-
rodegeneration [21]. Moreover, S100B synthesis induces
oxidative stress, potentially resulting in the promotion of
NO synthesis and an increase of pro-inflammatory cyto-
kines which has a detrimental effect on neuronal integrity
[1, 20]. There are also data indicating beneficial effects of
psychotropic medications by reducing the oxidative stress
in the CNS [22].

BBB ROLE IN AFFECTIVE DISORDERS

There is an increasing body of evidence linking major af-
fective disorders (MDD and BAD) to BBB dysfunction
[23-26]. Both functional and structural abnormalities
are heterogenous and widespread in schizophrenia [27].
Similarly to schizophrenia, elevated values of S100B have
been observed in the serum of patients with affective disor-
ders, and are also associated with the severity of symptoms
in depression [28]. Moreover, the elevation of S100B is a
predictor of a successful response to antidepressant therapy
in MDD [29]. In addition, chronic social stress can have
an effect on CLDN5 levels, potentially affecting the BBB
integrity [26]. The most intense passage of proinflamma-
tory cytokines through the dysfunctional BBB has been
observed in the region of nucleus accumbens, which is a
brain region important for mood regulation [29].

Recent data indicate an association between mRNA
levels for CLDN5, CLDN12, and ZO-1 and the onset and
duration of MDD and BAD [4]. It has been shown that
BAD patients with impaired BBB integrity have a more
pronounced clinical expression of the disease and its pro-
gression [4, 30]. Both acute or chronic BBB damage in-
creases the passage of proinflammatory cytokines such
as IL-1, IL-6, TNF-q, and reactive oxygen species (ROS)
[15]. This triggers the activation of microglial cells with
a central role in the pathway of neuroinflammation, and
also promotes local oligodendrocyte and myelin sheath
damage, compromising neuronal network integrity [15,
31]. Positron emission tomography imaging revealed in-
creased microglial activity and neuroinflammation in the
hippocampus of patients with affective disorders [4]. In ad-
dition, oligodendrocyte density is decreased in BAD which
indicates potential instability of the neural circuitry [31].

BBB STATUS IN DEMENTIA

Frequently, patients with dementia present with addi-
tional psychiatric symptoms such as depression, agitation,
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anxiety, apathy, or psychosis [32, 33]. The brain endothe-
lium becomes progressively dysfunctional in aging, with
corresponding alterations in the BBB [34]. However, in the
two most common types of dementia, AD and vascular de-
mentia, the critical role of BBB dysfunction has been docu-
mented in the last years [2, 3]. The data is especially robust
concerning pericyte degeneration [3]. It has been shown
that an influx of immune cells (CD4+ and CD8 T cells,
dendritic cells, B cells) via disturbed BBB, lead to damage
of multiple efflux transporters (adenosine triphosphate
dependent pumps that remove harmful agents out of the
brain tissue), and accumulation of molecules prone to ag-
gregation, such as amyloid beta [1, 35]. In AD in particular,
amyloid beta as the main component of amyloid plaques
is a key pathological feature of the disease [35]. High lev-
els of amyloid beta and oligopeptides lead to activation
of microglial cells and astrocytes, resulting in increased
production of toxic molecules, and consequent synaptic
and neuronal damage [1]. Microglia activated in relation
to amyloid beta plaques leads to the activation of astrocytes
which results in the release of cytokines such as IL-1, TNF-
B, TNF-a, TGF-B, NGE bNGE and ROS [1]. In addition,
the amyloid beta has been shown to stimulate the nuclear
kappaB transcription factor (NF- kB) which in turn also
induces the transcription of TNF-a, IL-1, IL-6, MCP-1
(monocyte chemotaxis-1 protein), and NO synthase [34].
Activation and migration of immune cells, as well as the
release of cytokines, damage the integrity of the BBB [1].
The dysfunction of BBB is reflected in the impaired func-
tioning of the amyloid beta transporter whose role is to
transport these peptides from brain tissue to the blood, via
BBB [1, 36]. Dysfunction of the amyloid beta transporter
could be the precipitant in the cascade of events leading
to the damage of neurons, synapses, and glial cells [36].

The pathophysiology of the subcortical small-vessel
disease, the most frequent type of vascular cognitive im-
pairment, is also characterized by endothelial damage and
BBB dysfunction [32, 33, 37, 38]. Cerebral hypoxia due to
vascular damage leads to increased levels of inflamma-
tory molecules causing apoptosis [34]. The inflammatory
molecules such as IL-1, IL-6, MMPs (MMP-2, MMP-9),
TNFa, and TLR4 (toll-like receptor 4) cause demyelination
and damage to the axons and oligodendrocytes associated
with the white matter lesions [33, 37]. Besides risk factors,
the clinical presentation including cognitive decline and
behavioral changes, AD and vascular dementia also share
several aspects of brain pathology, such as increased oxi-
dative stress, disturbed amyloid beta clearance, and BBB
disruption [33, 36].

BBB IN ALCOHOL USE DISORDER

Cognitive decline is common in patients with alcohol use
disorder [38]. Largely, an association between alcohol use
and the risk for dementia has been demonstrated in stud-
ies with robust methodology [39]. Particularly vulnerable
might be the elderly and patients with documented neuro-
inflammatory conditions. Although the pathophysiological
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pathways of neurodegeneration associated with alcohol use
are not sufficiently explored, it is clear that dietary defi-
ciencies, such as depletion of vitamin B1 and B12, in com-
bination with alcohol metabolites (such as acetaldehyde)
have a neurotoxic effect [40, 41, 42]. In addition, chronic
alcohol abuse leads to increased BBB permeability via the
inhibition of protein expression such as ZO-1, occludins,
VE-cadherins, AQP4), thus stimulating neuroinflamma-
tion and oxidative stress, most intensely in the hippocam-
pal region [41]. In vitro studies demonstrated a detrimental
effect of alcohol on tight junctions, endoplasmic reticulum,
and an increase in ROS production [41, 42].

BBB STATUS IN HEREDITARY CEREBRAL SMALL
VESSEL DISEASE

The BBB likely has an important role in the pathogenesis of
the CADASIL, the most frequent inherited form of vascu-
lar dementia [43]. This clinical phenotype is characterized
by four basic manifestations: strokes, migraine with aura,
psychiatric symptoms, and cognitive decline that progress-
es to subcortical vascular dementia [44]. Symptomatology
of CADASIL can start with neuropsychiatric symptoms,
sometimes delaying the diagnosis, with depression being
the most frequent psychiatric manifestation [44, 45]. The
main pathological characteristics of CADASIL are damage
to smooth muscle cells of small cerebral arteries and arteri-
oles, as well as deposition of granular osmiophilic material
in the vascular wall, due to mutation in the Notch3 gene
on chromosome 19p13 [46, 47]. Recent data suggest a sig-
nificant role for BBB in this syndrome, with pronounced
destruction of pericytes in the vascular wall of the brain,
increasing the permeability of the BBB [48].
Mitochondrial encephalomyopathy, lactic acidosis, and
stroke-like episodes (MELAS) syndrome is a rare heredi-
tary progressive systemic disease with encephalopathy as a
leading clinical feature [45, 49]. Although the most promi-
nent clinical manifestations of the MELAS are neurologi-
cal, comprising migraine, stroke-like episodes, seizures,
and cognitive decline, depressed mood, anxiety, and be-
havioral changes are often neglected but important clinical
features [44, 45, 49]. At the core of this syndrome are 29
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Ynora KpBHO—-MOXAaHe 6apujepe y ncUXMUjaTPUjCKUM 060/beruma

Maja Jlaukosuh'?, Maja MBkosuh'2, CpeteH Buhentnh'? CredaH Jepotnh'2, Munuua Hectoposuh'?, Tuxomup CrojkoBuh?,

AnekcaHgpa M. Masnosuh*

'YHuBep3uTeTCKN KNHMYKY LeHTap Cpbuje, KnuHuka 3a ncuxujatpujy, beorpag, Cpbuja;

2YHuBep3uTeT y beorpagy, MeanunHckn dakynter, Beorpag, Cpouja;

3YHuBep3auTeT y beorpagy, MeanunHckn dakynteT, VIHCTUTYT 3a KIMHUYKY 1 MeaMUMHCKY 6ruoxemujy, beorpag, Cpbuja;
*YHusep3utet y beorpagy, GakynteT 3a cneuujanty eaykauujy u pexabunutaumjy, beorpag, Cpbuja

CAXETAK

KpBHO-moxaaHa 6apujepa (KMB) cacToju ce of KOHTUHYMpa-
HWX, TECHO CMojeHnX eHaoTenHux henunja omoTaHUx 6azanHom
NaMUHOM, NePULMTIAMA 1 CTOMaNacTUM Npoay»KeLMa acTpo-
umta. KMB uma BuUTanHy yHKUMjy y MOXAAaHOM MeTabonusmy
W WTUTU MOXKAHN MapPEHXUM Of LTETHUX GakTopa NpUCYTHIX
y CMCTeMCKOj LmpKynauumju. lNokasaHo je aa owrteherwe KMb
1 nosehare keHe NPonyCcT/bUBOCTY UMajy 3HauajHy ynory y
MHOFUM HeypofereHepaT!BHIM 060/berMa.

Linsb oBora papa je nperneg nutepatype o 3Havajy owTehera
KMB kog ncuxujatpujckinx 060sbetsa, y BENMKOj Mepy 3aHeMa-
PEeHOj 1 HeflOBO/bHO UCTPaxeHoj obnacTu. MosesaHocT u3mehy
nopemehaja KMB 1 Heyponcuxujatpujckix nopemehaja noce6-
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HO je aHanu3upaHa 3a cxrzodpeHujy, adektnsHe nopemehaje,
AeMeHUyje ca nopemehajyima noHalarba, nopemehaje nosesa-
He ca ynotpebom ankoxona, ca nocebH1M OCBPTOM Ha HacnefHe
601ecTn Manux KpBHYX CyfoBa Mo3ra ca owwtehersem KMB, Kao
WITO Cy LiepebpanHa ayTo30MHO JOMVHAHTHa apTepronaTuja
ca CynKopTMKanHUM HbapKTMa 1 neykoeHuedanonaTtujom v
MUTOXOHAPMjCKa eHLepanommnonaTyija ca JakTaTHOM aLng030Mm
1 enn3ofama Halmk MoXAaHoM yzapy. AyTopu KPUTUYKI CyMU-
pajy moryhe natoreHeTCKe MexaHu3Me Koju nosesyjy owwtehera
KMB ca oBuM yecTim 060o/bermnma.

KrbyuHe peun: KpBHO-MOXXAaHa 6apujepa; cxmzoppeHuja;
adekTrBHY nopemehaju; nopemehaj ynotpebe ankoxona; fe-
MeHUWja; Hacne[He 60NecT Manux KPBHUX CyA0Ba Mo3ra
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Has something changed about chronic cocaine
abuse over time?
An instructive example from the forensic collection

Slobodan Nikoli¢, Danica Buki¢, Vera Luki¢, Vladimir Zivkovi¢
University of Belgrade, Faculty of Medicine, Institute of Forensic Medicine, Belgrade, Serbia

SUMMARY

Introduction Herein we present an illustrative case from the Forensic Museum collection made by Pro-
fessor Milovan Milovanovi¢ (1884-1948). Museum specimen No. 465 represents a jar containing three
glass syringes and two small bottles of 10-20 ml, sealed with corks, found in the pockets of the deceased
whose autopsy was performed in 1929.

Case outline It was a 30-year-old male, found dead in a tavern shed, a former medical student, lieuten-
ant, and Russian émigré who came to Belgrade, Serbia in 1921 following the commanding general of the
anti-Bolshevik White Army, Pyotr Nikolayevich Wrangel. He was an alcoholic, a drug user, and a member
of the so-called Russian cocaine quartet gang. In the autopsy report, Professor Milovanovic¢ described a
textbook example of a drug user: extremely malnourished body, skin covered with scabs, multiple,pu-
rulent abscesses”and  livid infiltrations,’and attenuated nasal septum with mucosa covered with scabs.
Internal autopsy findings included fatty liver, pneumonia, and anemia of all internal organs. At the time,
the whole brain, tissue of internal organs, and contents of the stomach and intestines were used for the
analysis (“the Stas-Otto method for extraction of alkaloids”). Qualitative analyses showed “the presence
of cocaine”in all the examined organs, and the analysis of the content from the “cloudy, colorless liquid”
found in the dark bottle showed that it contained “0.0113 g of morphinum hydrochloricum.”
Conclusion Contemporary analyses of the material from one of the syringes and the transparent glass
bottle performed 90 years later showed the presence of cocaine, morphine, and codeine, confirming

Received « MpumbeHo:
January 31,2022

Revised - PeBusnja:
August 18,2022

Accepted - MpuxeaheHo:
August 20, 2022

Online first: August 25, 2022

Correspondence to:

Vladimir ZIVKOVIC

Institute of Forensic Medicine

31a Deligradska Str.

Belgrade 11000, Serbia
vladinmejl@yahoo.com
vladimir.zivkovicemed.bg.ac.rs

that the cause of death was drug-related.

Keywords: autopsy; museum collection; 1920s; cocaine; morphine; toxicology

INTRODUCTION

In the early 1920s, Professor Milovan
Milovanovi¢ (1884-1948) officially founded the
Forensic Museum of the Institute of Forensic
Medicine. Its collection contains exhibits of
medicolegal and forensic importance related
to actual cases from the Professor’s daily prac-
tice. This is a story about one such object and
a related case.

CASE REPORT
Museum specimen No. 465

The preserved label attached to the jar, bear-
ing text written in Cyrillic, refers to forensic
case No. 331 with the autopsy performed by
Professor Milovanovi¢ on September 27, 1929
(Figure la). The specimen contains three glass
syringes and two small bottles of 10-20 ml, one
made of transparent glass and the other of dark
glass, sealed with corks (Figures 1b and 1c).

Case history, autopsy and toxicological
findings and the cause of death

From the autopsy report (Figure 2), but even
more from the paper published by Professor

Milovanovié [1], we learn information about
the deceased: a 30-year-old male who was
found dead in a tavern shed, on the outskirts of
the city. As a lieutenant, he came to Belgrade in
1921 with General Pyotr Nikolayevich Wrangel
(1878-1928) (commanding general of the an-
ti-Bolshevik White Army in Southern Russia,
later one of the most prominent exiled white
émigrés in the Kingdom of Yugoslavia). He was
a failed medical student, an alcoholic, and a co-
caine and morphine user, as well as a member
of the so-called Russian cocaine quartet, a gang
that operated in Belgrade between the First and
the Second World War. He used about three
grams of cocaine per day, injecting it more than
60 times per day subcutaneously. He eventually
ended his life as a thief and beggar. During the
investigation, in the deceased’s coat pockets,
the police found three glass syringes, needles,
and two small bottles: one bottle was transpar-
ent, with “a minimal amount of white powder;,”
and the other one dark with “a small amount of
cloudy, colorless liquid”

During the external examination, Professor
Milovanovi¢ noticed that the deceased was “ex-
tremely malnourished and neglected ... his skin
covered with lice” The nasal septum was “at-
tenuated,” and “its mucosa was covered with
scabs” The skin of the front side of the body,
and even more pronounced on the left arm,
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Figure 1. Museum specimen No. 465, related to forensic case No 331, from 1929;
a:label attached to the museum specimen; b: jar with three glass syringes and
two small bottles, one made of transparent and the other of dark glass, sealed
with corks; c: closer aspect of the syringes and bottles
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Figure 2. Autopsy records from September 27,1929, forensic case No. 331;
autopsy was performed by Professor Milovan Milovanovi¢

|
<U
Figure 3. Two autopsy diagrams of the a: anterior and b: posterior view of

the body, with numerous prominent skin lesions caused by repeated cocaine
injections in “the typical regions”
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was covered with multiple “purulent abscesses”
and “livid infiltrations,” focally spotted with scabs.
Professor Milovanovi¢ illustrated all of these chang-
es in the body diagrams (Figure 3), which were
saved and preserved in the autopsy report. Internal
autopsy findings included fatty liver, pneumonia,
and anemia of all internal organs.

The toxicological analysis was performed in the
State Chemical Laboratory: its original report is
still attached to the autopsy report (Figure 4). The
whole brain (weighing 1420 g), the tissue of other
internal organs (parts of the lungs, heart, spleen,
liver, and kidneys - weighing 1580 g in total), the
stomach and intestines with their contents, and
“the contents” of the dark bottle found in the coat
pocket of the deceased were analyzed using “the
Stas—Otto method for extraction of alkaloids.”
Qualitative analyses showed “the presence of co-
caine” in all the examined organs. The analysis
of the “cloudy, colorless liquid” found in the dark
bottle showed that it contained “0.0113 g of mor-
phinum hydrochloricum.”

Professor Milovanovi¢ concluded that the cause
of death was pneumonia “facilitated by malnutri-
tion and reduced resistance to disease ... due to
chronic purulent skin infection ... which were all
caused by cocaine and morphine abuse,” i.e., for-
mally, this was pronounced a drug-related death.

This article presents a historical case and, there-
fore, ethical approval was neither necessary nor
obtained.

DISCUSSION

According to Professor Milovanovi¢, no one in the
domestic population in Serbia used cocaine in the
first decade after the First World War [1]. Cocaine
was introduced to our people by the Russians, the
so-called white émigrés. At one point in 1920, there
were about 40,000 Russian refugees in the Kingdom
of Yugoslavia, mostly belonging to the middle or
upper class, landowners, persons of liberal profes-
sions, merchants, industrialists, and army officers
to the most considerable extent: all of whom es-
caped the Bolshevik Revolution [2]. According to
the census in 1931, about 16,000 Russian refugees
were in Belgrade. In addition to opera singers, bal-
let dancers, and various artists, the habit of cocaine
use also came with the refugees from Russia.

The Drug Law passed in December 1931 in the
Kingdom of Yugoslavia defined the term “con-
trolled psychoactive substances,” specifying which
of them were illegal and including among them
“cocaine, its salts and all chemical substances with
more than 0.1% of cocaine” [3].

Professor Milovanovi¢ published his paper
about pathoanatomical changes in chronic cocaine
abusers in a domestic medical journal Medicinski
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Figure 4. The original report of the State Chemical Laboratory, No.
1803 from December 3, 1929, related to forensic case No. 331 from
1929

Figure 6. Photographs of fenestration of the nasal septum in a chronic
cocaine abuser, taken by Professor Milovan Milovanovi¢; forensic case
No. 416 from November 1933: Russian émigré, female, 25 years old,
suicidal acute intoxication with barbitone; a: full face; b: lateral aspect

pregled — Medical Review (Figure 5) [1]. The journal came
out monthly from 1926 to 1940 and published papers in
four South Slavic languages: Serbian and Bulgarian in the
Cyrillic and Croatian and Slovenian in the Latin script, de-
pending on the nationality of the author [4]. In this paper,
Professor Milovanovi¢ presented the autopsies and other
tindings in “the first three fatal cases of chronic cocaine
abuse in Belgrade,” summarizing “the common pathoana-
tomical changes™: cachexia, attenuation, and fenestration of
the nasal septum (Figure 6), as well as skin lesions due to
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Figure 5. Cover of the medical journal Medicinski pregled - Medical
Review, in which Professor Milovanovi¢ presented his autopsy findings
in “the first three fatal cases of chronic cocaine abuse in Belgrade”[1]
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Figure 7. a: chromatogram of the qualitative analysis (GC-MS) of the
material obtained from the transparent bottle showing the presence
of cocaine; b: the same analysis of the material obtained from one of
the three syringes showed the presence of cocaine, morphine, and
codeine, meaning the syringe was used for multiple injections of dif-
ferent drugs; these were new, present-day analyses

repeated cocaine injections. Skin lesions included: multiple
needle punctures and bruises, oval infiltration of corium
and subcutaneous tissue with necrosis and edema, ruptured
and unruptured purulent abscesses, and, finally, oval hol-
low scars [1], resembling what is nowadays known as skin
popping [5]. All these lesions were present on the body of
the deceased in typical regions: anterior parts of the thighs
and external parts of the left arm, chest, and trunk. The least
number of these lesions were present in the lower legs [1]
(Figure 3). As opposed to cocaine abusers, such skin lesions
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were less numerous and less prominent in chronic mor-
phine abusers [1]: its shorter half-life than morphine and
shorter duration of its effects meant that cocaine had to be
injected more often [1, 5]. An additional cause of these skin
effects also lies in the fact that cocaine is difficult to steril-
ize — it will decompose in a heated solution [1, 5], which
was a common procedure in morphine abuse. According
to Professor Milovanovi¢, in its nature, cocaine abuse was
“idiopathic and psychogenic;” causing a “strong craving;” and
abusers “got the drugs on the street” In contrast, morphine
abuse was “symptomatic and occurred after treatment of
chronic pain,” and abusers “purchased opium at the phar-
macy” legally or illegally [1]. “The previous 17 fatal cases
of chronic morphine abuse” pointed to apparent differences
in the extent of skin lesions compared to “those three fatal
cases of chronic cocaine abuse” [1]. Nowadays, intravenous
and subcutaneous cocaine use seems to be quite rare since
it is mainly inhaled, while it has largely been supplanted by
smoking “crack” [5]. Therefore, skin changes in chronic co-
caine users become inconspicuous: nowadays, skin popping
is more commonly seen in chronic heroin abusers [5, 6, 7].

The toxicological analyses in the presented case were
initially performed in the State Chemical Laboratory
(Figure 4), established in 1859. At the end of 1947, this
laboratory became an integral part of the Institute of
Forensic Medicine, and since late 1979 they have been
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situated in the same facility. New and modern toxicological
equipment (gas chromatography — mass spectrometry or
GC-MS) allowed us to take another view of these samples.
In forensic toxicology, GC-MS is the most commonly ap-
plied method due to the large number of compounds that
can be easily quantitated without time-consuming sample
preparation. The development, validation, and application
of a GC-MS method for separating and determining phar-
maceuticals and drugs from different classes have already
been tested in many studies [8, 9].

We performed new toxicological analyses, which
showed the presence of cocaine in the transparent bottle
(Figure 7a) and the mixture of cocaine, morphine, and
codeine in one of the three syringes (Figure7b), mean-
ing it was used for multiple injections of different drugs.
This way, we confirmed and broadened the results of this
90-year-old case.
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XpOHUYHa 3l'IOYI'IOTp663 KOKauWHa — Aad /in Cé HELWTO NPOMEHN/1I0 TOKOM BpEMeHa?

Mpumep 13 popeH3nyKe Konekumje

CnobogaH Hukonuh, lannua Hykuh, Bepa Nykuh, Bnagummp XKuskosuh
YHuBep3uteT y Beorpagy, MeguumHckm dakyntet, UIHCTUTYT 3a cyacky meauuuHy, beorpag, Cpbuja

CAXETAK

YBoa Y pafly CMO npvikasanu uiycTpaTuBHN Clyyaj XPOHNYHE
3noynotpebe KokanHa 13 GopeH3nuke Konekumje npodecopa
MwunoBaHa MunoBaHoBuha (1884-1948). EkcrnoHat 6poj 465 13
1929. rogvHe cacToju ce of Tpu CTakeHa Wnpuua v se mane
CTakneHe 60oyuLie ca nayTaHUM YenoBrMa: CBe je 0BO HaheHo
y Lleny KanyTa NOKOjHMKa.

Mpukas cnyuaja Y nutatby je 610 mnaguh ctap 30 roguHa,
HeKadallkby CTYAEHT MeJULUHE, Ynje je Teno HaheHo y wynm
y ABOPULLTY jefHe KadaHe. Kao opmump pycke Bojcke, npatehn
reHepana BpaHrena, gowao je kao emurpaHT y beorpag 1921.
rognHe. bro je ankoxonmyap, HAPKOMaH ¥ YnaH T3B. YETBO-
pounaHe KOKauHcKe pycke 6aHze. Y 06ayKLVOHOM 3amnmncHu-
Ky npodecop MunoBaHoBuh nprKasao je KiyWKU Npumep
n3rnefa XpPoHUYHOr HapkoMaHa. O6ayKuuja je nokasana u

Srp Arh Celok Lek. 2022 Sep-Oct;150(9-10)612-615

MacHO V3MetbeHy jeTpy, 3anasberbe niyha u ManoKpBHOCT.
TOKCMKONOLKY aHann3y TK1Ba yHYTpaLlHb/X OpraHa ypaguna
je [lpxaBHa xemujcka nabopatopuja 1 aHanu3a je nokasana
KBanMTaTMBHO NPKCYCTBO KOKanHa y OpraH/ima NoKojHUKa, Kao
1 NprcycTBO MOopdurjyma y jeAHOj of 6ounLa HaheHux y Lieny
KarnyTa MOKOjHUKa.

3aKs/byyak HakHagHa TOKCMKOMOLLKa aHanm3a Matepujana 13
jepHor o WwWnpuueBa v Apyre 6ounLe Koja CBojeBpeMEHO Hulje
aHanu3mpaHa, ypaheHa Ha caBpemeHom anapaty (GC-MS), no-
Ka3sasa je MpucycTBO HapKOTMKa y TParoBrMa, Yak feBefecet
rogviHa noce npBe aHanu3e y [ip>kaBHOM XemujcKoj nabopa-
Topuju, ganeke 1929. rognHe.

KmyuHe peun: o6ayKuuja; my3ejcka 36vpKa; 1920-e; KoKauiH;
Mopdujym; TOKCHMKONOrnja
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LETTER TO THE EDITOR / MACMO YPEOHUKY

Direct adsorption of LDL cholesterol — one center

experience

Dear Editor,

Low-density lipoprotein (LDL)-apheresis is
a method of extracorporeal elimination of
the particles containing apolipoprotein B
(ApoB)100. Table 1 lists the currently available
LDL-apheresis techniques [1]. LDL-apheresis is
applied in patients, where there has been no sat-
isfactory reduction in lipoprotein levels, despite
medical diet, physical activity, and the applica-
tion of pharmacotherapy have been used [1].

Table 1. LDL-apheresis techniques

HELP (Heparin-induced
Extracorporeal LDL
Precipitation)

The precipitation of ApoB
by forming complexes
with other proteins

DALI (Direct Adsorption
of Lipoproteins)

Positively charged ApoB
binds to negatively

charged polyacrylate
anions

Positively charged ApoB

Liposorber Dextran

Sulfate binds to negatively
charged dextran sulfate

MONET Lipoprotein size-based
elimination

TheraSorb Filter columns containing

ApoB antibodies

LDL - low-density lipoprotein; ApoB - apolipoprotein B

The American Society for Apheresis guide-
line states the following indications for LDL-
apheresis: homozygous form of familial hyper-
cholesterolemia (HoFH) with serum cholesterol
level > 9 mmol/l or heterozygous form (HeFH)
with LDL cholesterol level > 5.0 mmol/l [2, 3, 4].

The Dutch Lipid Clinic Network criteria
is most frequently used for diagnosis familial
hypercholesterolemia (FH) and consider: fam-
ily history (severe HoFH, premature coronary
artery disease), physical examination (e.g., ten-
don xanthoma), LDL-C levels and DNA muta-
tion. Our center uses the Dutch Lipid Clinic
Network criteria that are recognized by health
care insurance system [5, 6].

Our center treats patients:

- with or without major adverse cardiac

events (MACE),

- with the score of Dutch Lipid Clinic
Network criteria > 8, who do not achieve
lowering LDL-C by more than 40% with
the maximum tolerated dose of statin [4, 7].

The direct adsorption of lipoproteins

(DALI) method reduces the total cholesterol
by 54.1%, LDL-C by 62.3%, triglycerides by
52.3% and high-density lipoprotein (HDL)-C
by 2.8% [8]. The appearance of the adsorber
during the apheresis of a person with hyper-
chylomicronemia is shown in Figure 1, while
the appearance of a filter of a person without
hyperchylomicronemia is shown in Figure 2.
In Figure 1 is clearly seen an example of non-
homogeneous adsorption in the filter, or inad-
equate filter efficiency, caused by the blocking
of pore with chylomicrons.

Within the Clinic for Endocrinology, there

is an LDL-apheresis cabinet, which applies the

Figure 1. The appearance of the filter during the apher-
esis of a person with hyperchylomicronemia
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\ Table 2. Results of the five-year implementation of LDL-apheresis
Reduction
K NS ES a B}f::(:er:iis a ﬁfatreersis level after each
P P treatment (%)
( Total cholesterol (mmol/l) 13.6 6.41 56%
Triglycerides (mmol/l) 0.85 1.31 154%
Q LDL cholesterol (mmol/I) 6.49 2.1 67%
; . Non-HDL cholesterol (mmol/l) 7.16 2.66 63%
ApoA 9
- (g/1) 1.35 1.20 11%
N ApoB 164 0.62 62%
(9/1)

Figure 2. The appearance of an adsorber during the
apheresis of a person without hyperchylomicronemia

DALI method. In the past five-year period, 365 well-doc-
umented LDL-apheresis were performed. Based on this, a
retrospective analysis of the results was made. The study
has been approved by the local ethics committee and was
conducted in accordance with the Helsinki Declaration.
The results are presented in Table 2. [5, 9].

The results of treatment in our center, with a reduction
of 67% in LDL-C and 62% in ApoB, coincide with data
from retrospective studies, such as in Germany, which
included 15,527 subjects [10].

The study by Schettler et al. [10] also showed a reduction
of 78% in MACE. During the 5-year period of treatment
in our center, there were no new MACE. This can be ex-
plained by the fact that the patients treated in our center
were younger (average 54.81 years), and some of them with-
out previous MACE, while Schettler et al. [10] presented
the results of apheresis in patients with previous MACE,
which are patients with higher cardiovascular risk, majority
were women, in age range of 60-90 years. We considered
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YNYTCTBO AYTOPUMA 3A MPUTIPEMY PAJA

IIpe mogHOmema pyKonuca YpeSHUIITBY YaCOMM-
ca ,CpICcKM apXuB 3a IeIOKYITHO TeKapcTBo“ (CA)
cBU ayTopH Tpeba Aa MpounuTajy YOyrcTBO 3a ayrope
(Instructions for Authors), rae he nponahu cBe morpedue
nHopMaluje 0 MUCaby U IPUIIPEMU Paja y CKIaxy
ca cTaHfapauMa yacomnmnca. Beoma je BaykHo ja ayTo-
pu npunpeMe paj npemMa JaTUM IPONO3UNjaMa, jep
YKOIMKO pyKomuc He Oyfe yckinal)eH ¢ 0BUM 3aXTeBUMa,
Ypenuumrso he ooty M OXOMTH HeroBO IMy6Iu-
KoBame. PajoBu o6jaBbeny y CA ce He XOHOpapuury.
3a yranke xoju he ce o6jaButu y CA, camoM noHynom
panga CprckoM apXuBy CBM ayTOpH paja MpeHoce CBoja
ayTopcKa IpaBa Ha M3gaBava yaconuca — Cprcko me-
KapcKo IPYLITBO.

OIIIITA YIIYTCTBA. CA o6jaB/pyje pagoBe Koju 5o
cajia HUCY HUTTIe 00jaB/beHN, Y LIeMOCTU UM AeIOM, HUTHU
npuxBahenu 3a o6jaBpuBame. CA 06jaBbyje paoBe Ha
€HITIECKOM U CPIICKOM je3uKy. 360r 607be JOCTYITHOCTHU
u Behe IMTHPAaHOCTY IIpeNopydyje ce ayTopuMa Ja pa-
ToBe CBUX OO/MMKa IIpefiajy Ha eHImeckoM jesnky. Y CA
ce 06jaBipyjy cnemehe KaTeropuje pajoBa: yBOJHUIN,
OPUTVHAHM PafIoBY, IPETXOIHA U KpaTKa CaolIITeHha,
puKasy 60NeCHUKa U CTydajeBa, BU/e0-YIaHIIN, CTIMKe
U3 KIMHIYKe MeIMIIMHE, IPETIeHN PajloBH, aKTyeTHe
TeMe, pajioBM 3a PaKCy, PafloBM 13 MICTOPHje MeAVIIHE
U jesuKa MefUIINHe, MeIVNIIMHCKe eTUKe, PeryTaTOPHIX
CTaHZAapfa y MeIVMILMHY, N3BEIITaj) ca KOHTpeca U Ha-
YYHUX CKYTIOBa, TNYHY CTaBOBY, HAPYYEHU KOMEHTa-
P, MICMa YPeJHMKY, IPVMKa3y KIUTa, CTPYYHe BECTH,
In memoriam v gpyru npunosu. OpUrnHaTHA PagoBMU,
IPeTXOfIHA ¥ KPaTKa CaolIITeha, IpUKa3y 60/IecHIKa I
CITydajeBa, BUIO-UIaHIN, CTIVMKe U3 KIVMHIYKe MeIUIIHE,
Iper/iefHN PafloBM U aKTyeTHe TeMe, TyOImKyjy ce mc-
K/bY4MBO Ha €HIJIECKOM je3UKY, a OCTajle BPCTe pajioBa ce
MOTY ITyOIIMKOBATY M1 Ha CPIICKOM je3VIKY CaMo II0 OfTyL
Ypepunmrsa. PajjoBu ce yBeK JOCTaB/bajy ca CaXKeTKOM
Ha eHIJIECKOM U CPIICKOM je3UKy (y CK/IOITy CaMoT PyKo-
mca). TekcT pafia KynaTu y mporpamy 3a o6pajry TekcTa
Word, dourom Times New Roman u BeTN4MHOM CIIOBA
12 Tavaka (12 pt). CBe yeTupu MapruHe IOfeCUTI Ha 25
mim, BeMIIMHY CTpaHNUIe Ha GopMaT A4, a TEKCT KYLIaTH C
IBOCTPYKMM IIPOPEIOM, IeBUM ITOPaBHAKEM U YBIaUeHheM
cBaKor I1acyca 3a 10 mm, 6e3 febema peun (xudenanuje).
He xopucTutu TabynaTope u y3acTOIIHe IIpasHe Kapak-
Tepe (CIlejcoBe) paiy IOpaBHaba TEKCTa, Beh amaTke 3a
KOHTpOJTy OpaBHama Ha ewupy u Toolbars. 3a mpemasax
Ha HOBY CTPaHY JOKyMeHTa He KOPYCTUTY HU3 ,,eHTepa',
Beh uckpyunBo onuujy Page Break. Ilocne cBakor 3Haxa
VMHTEPIYHKIIVje CTABUTY CaMo jeflaH IpasaH KapakTep.
AKoO ce y TeKCTy KOPUCTe CIlelyjanHy 3Hauu (cuMo6omn),
kopuctutu pout Symbol. I[Togauu o kopuurheHoj mure-
paTypM y TEKCTY O3HAa4aBajy ce apancKuM OpojeBuma y
yIIacTuM 3arpafama — Hiip. [1, 2], 1 To pegociefoM Kojum
ce TojaBIbYjy Y TeKcTy. CTpaHMIle HyMepucaTu pefioM Y
IIOEEM JIECHOM YTy, ITI04eB Off HaC/IOBHE CTPaHe.

I1py nmcamy TEKCTa Ha €HITIECKOM je3VKy Tpeba ce Ipupp-
>KaBaTH je3ndKor cTaugapna American English u xopuctn-

TV KpaTKe 1 jacHe pedeHnlle. 3a HasVBe TeKOBa KOPUCTUTHU
UCK/bY4MBO IreHepryKa uMeHa. Ypebaju (amaparu) ce 03-
HavaBajy GpabpMyKMM HasMBMMa, a IMe VI MeCTO IIPON3-
Bohada Tpeba HaBecTV y 061MM 3arpagama. YKOIMKO ce
y TEKCTY KOPUCTe O3HaKe Koje CY CIIOj cioBa u 6pojesa,
IIpeL3HO HamucaTy 6poj Koji ce jaB/ba Y CYNIepCKPUITY
wm cynckpunry (amp. *Tc, IL-6, O,, b, CD8). Ykomuko
ce HellITo yobuyajeHo muine KypsusoM (italic), Tako ce u
HaBopy, HIIp. reHn (BRCAI).

YKOMMKO je paf 1eo MarucTapcKe Tese, OMHOCHO JOKTOPC-
Ke jucepranuje, win je ypaheH y OKBUpy HayuHOT IIpoje-
KTa, To Tpeba moce6Ho HasHaunTy y HamoMmenu Ha kpajy
Tekcra. Takobe, YKOMMKO je pajj IPETXOHO CAOIIITEH Ha
HEKOM CTPYYHOM CacTaHKY, HABECTH 3BaHIMYaH HA3MB CKY-
Ia, MeCTO U BpeMe Ofip>KaBarba, Jja /M je pajj U KaKo my6-
NMKOBAH (HIp. VICTY VIV JPYTadyjyl HACTIOB VM CaXKeTaK).

KIMHNYKA NCTPAJKMBAIBA. Knuanyka uctpa-
KUBama ce JeUHNITY Kao MCTpaXMBama yTHUIaja jef-
HOT VTV BUIIe CPECTaBa VM Mepa Ha VICXOJ, 3[paBiba.
Perycrapcku 6poj MCTpaXkuBarmba ce HaBOAM Y TOCTIENHeM
pemy caxeTka.

ETMYKA CATTTACHOCT. Pykonycy o nCTpak/Bamu-
Ma Ha JbyiuMa Tpeba fla cafpske U3jaBy y BUY IIUCAHOT
IPYCTaHKa UCIUTBAHUX 0c06a y CKTafy ¢ XelICHHIIKOM
IIeKIapaIjoM 1 ofo6perbe HaJIeKHOT eTIIKOT ofjbopa
Jla ce UCTpaKUBabe MOXKE 3BECTH I JIa je OHO Y CKIIafy C
IpaBHMM CTaHAapAMMa. EkcriepymMenTanHa ncTpaxupama
Ha XyYMaHOM MaTepujaay U MCIIUTYBamba BPIIIeHa Ha XXIBO-
THbaMa Tpeba Ja cafipke U3jaBy eTUUYKOT 0f60pa yCTaHo-
Be I Tpeba fla Cy Y carllaCHOCTH C IPaBHUM CTaHJapAyMa.

M3JABA O CYKOBY MHTEPECA. Y3 pykomic ce npu-
NaXke MOTIIMCAHA U3jaBa y OKBUPY obpacua Submission
Letter kojoM ce ayTOpH 13jallibaBajy 0 cBaKoM Moryhem
CyKoOy MHTepeca UM HBeroBOM OCYCTBY. 3a HOfaTHe
MHpOpMaIje 0 Pa3IMINTUM BpCTaMa CyKoba MHTepe-
ca TIOCETUTHU MHTepHeT-CTpaHnIly CBETCKOT yApYyKema
ypenHuKa MeguuyHcKux yaconuca (World Association of
Medical Editors - WAME; http://www.wame.org) nop Ha-
31BOM ,,IlonmuTuKa usjase o cykoby uHTepeca“.

AYTOPCTBO. Cse ocobe koje Cy HaBefieHe Kao ayTOpU
pana Tpeba fa ce KkBanmuduKyjy 3a ayropcto. CBaku ay-
TOp Tpeba J1a je yIecTBOBAO HOBOBHO Y PAJIy Ha PYKOICY
KaKo O MOTao Jia IIpeysMe OATOBOPHOCT 3a IIe/IOKyTIaH
TEKCT U pe3y/ITaTe MsHeceHe y pajy. AyTOPCTBO Ce 3aCHU-
Ba CaMO Ha: 6MITHOM JOIIPMHOCY KOHIIETIIV)HU pajia, Ko-
Oujamy pesyaTaTa MIN aHAIU3U U TyMadewy pe3ynTara;
IJIaHMParby PYKOIIMCA U/ EBerOBOj KPUTUYKO]j PEBUSU)U
OJf 3HATHOT MHTENEKTyaTHOT 3Ha4aja; 3aBPLUIHOM JJOTEPH-
Balby Bepsyje PyKOIca KOjy ce IPUIPeMa 3a ITaMIIatbe.

AyTopu Tpeba fa IIpuIoKe OINC JOIIPUHOCA TOjeITHAYHO
3a CBaKOT KoayTopa y OKBUpy obpacua Submission Letter.
PuHaHCHpambe, CaKyI/balbe IoflaTaKa MIN FeHePaTHo
HafITefame ICTPaXMBauKe IPyIle CaMI 110 ce61 He MOTy
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oIpaBfiaTy ayTopcTBO. CBY APYTU KOjU CY OTPUHENN
u3pajgu paja, a Koju HIUCY ayTOPM PyKOIuca, Tpebaio
6u na 6ymy HaBefleHM y 3aXBaTHUIIM C ONIMCOM IJIXOBOT
TOIIPMHOCA Pafly, HAPABHO, Y3 MMCAHY IPUCTaHAK.

IUTATUJAPU3AM. Og 1. janyapa 2019. roguHe cBU py-
KOIICH TIOfIBPTaBajy ce IpOBepy Ha IIarujapusam/ay-
rortarujapusam npeko SClndeks Assistant — Cross Check
(iThenticate). PaoBu Koz Kojux ce oKake IUtarujapusam/
ayrortarujapusam 6uhe onoujenn, a ayTopu CaHKLIMO-
HICaHIL.

HACJIOBHA CTPAHA. Ha nnpBoj cTpaHniy pykomnuca
Tpeba HaBecTu cnefehe: HacnoB paga 6e3 ckpahennua;
HPeJIOr KPaTKOT HACTIOBA Pajia, [IyHa VIMEHa U TIpesyMeHa
ayTopa (6e3 TUTYyNIa) MHAEKCHpPaHa OpojeBUMa; 3BaHMYAH
Ha3MB YCTaHOBA Y KOjJIMa ayTOPY pajie, MECTO 1 JPXKaBy
(pemocienoM Koju ofroBapa nHAEKCHpaHUM OpojeBuMa
ayTopa); Ha JHY CTpaHMNIle HABECTU MMe U Ipe3NMe, aji-
pecy 3a KOHTaKT, 6poj TenedoHa, pakca u uMejI agpecy
ayTopa 3aJy>KeHOT 32 KOPEeCIIOHAEHIINY.

CAJKETAK. Y3 opurnHaaam paj, IpeTXOfHO U KPaTKoO
CaoTIIITelbe, IPerIe] IMTepaType, MpyKas crydaja (6omec-
HIKA), Paji U3 UCTOpUje MefULIVHE, aKTYeTHY TeMy, paj
3a pyOpUKY je3VK MeAVI[MHE U paj 3a IPaKCy, Ha IPYToj
0 pefly CTPaHUIM JOKYMEHTa Tpeba IPUIOKUTHU Caxe-
Tak pafia o6uma 100-250 peun. 3a opuruHaaHe pajfose,
IPeTXOIHO M KPAaTKO CAOIIITe e CaskeTaK Tpeba fla MMa
cnepehy crpykrypy: Yeon/Inmm paga, Metoze pana, Pe-
3y/nTaTH, 3aK/by4aK; CBaKM Off HABeJeHNX CerMeHaTa M-
caTy Kao 1oce6aH Macyc Koju Mounbe 60NI0BaHOM peylt.
Hagectn HajakHUje pesynrare (HyMepruKe BpeTHOCTH)
CTaTUCTIMYKE aHa/M3€e ¥ HUBO 3HAYajHOCTN. 3aK/bydaK He
cMe 61Ty yomiTeH, Beh Mopa OMTH FUpPEKTHO [OBe3aH ca
pesynTatuMa paja. 3a mpukase 60/IeCHUKA CaXKeTaK Tpe-
6a ma nma cnepehe genose: YBox (y IOCIENBOj pedeHUIIN
HaBecTy Imb), [IpuKkas 6omecHnKa, 3aK/bydak; CErMeHTe
Takobe mucaTy Kao noce6aH macyc Koju nodnie 60m50-
BaHOM pednt. 3a ocTaje TUIIOBE PafjoBa ca)keTaK HeMa
OceOHY CTPYKTYPY.

K/bYYHE PEYMN. Vicnop CakeTKa HaBeCTH Off TPU [0
IecT K/bYYHUX peun vy uspasa. He Tpeba na ce moHa-
BJbajy pedy U3 HAC/IOBa, a KJbYUHe pedr Tpeba ma 6ymy
peeBaHTHe U ONMCHe. Y n360py K/byIHMX pedn KO-
puctutu Medical Subject Headings - MeSH (http://www.
nlm.nih.gov/mesh).

ITIPEBO/] HA CPIICKM JE3UMK. Ha tpehoj no peny
CTpaHMLIM JOKYMEHTa IIPUIOKUTH HAaC/IOB pajia Ha CpII-
CKOM je3MKy, IYHa VIMeHa 11 IIpe3uMeHa ayTopa (6e3 TuTy-
J1a) MHAeKCUpaHa OpojeBlMa, 3BaHNYaH Ha3UB YCTaHOBA
y KojuMa ayTopu pajie, MecTo u fip>kaBy. Ha cnenehoj -
YeTBPTOj IO pefy — CTPAHUIY JOKYMEHTA MIPUIOKUTH
caxerak (100-250 peun) ¢ K/by4HUM peunma (3-6), 1 TO
3a paZioBe Y KOjuMa je o6aBe3aH ca)keTaK Ha €HITIECKOM
jeauky. [TpeBoz mojMoBa 13 cTpaHe IuTeparype Tpeba ga
Oyze y ByXy cpIcKor jesuka. CBe CTpaHe peyuy UIN CUH-

Tarme 3a Koje II0CTOj1 ofroBapajyhe ume y HaleM jesuxy
3aMEHUTHU TUM Ha3MBOM. YKO/IMKO je paj| y LeJIOCTH Ha
CPIICKOM je3MKY, HOTPeOHO je MpeBecTy HasyBe IIPHIO-
ra (tabena, rpaduKoHa, CIIMKaA, CXeMa) YKOIMKO X VIMa,
LeJIOKYTIHM TEKCT Y IbJMMa I JIETEH/Ty Ha eHITIECKM je3UK.

CTPYKTYPA PAJTA. CBy 1OffHAC/IOBM Ce IIMIIY BETUKIM
MacHMM cnoBuMa (607y). OpUrMHaIHY paji U IPETXOTHO
U KpaTKo caomliTee 06aBe3Ho Tpebda ga uMajy cnepehe
nopHacnose: YBox (Insb pafia HaBeCTH Kao MOCTIEbY ITa-
cyc YBopa), Metone papa, Pesynraru, Juckycnuja, 3akmy-
vaK, /Iureparypa. [Ipernen nureparype 1 akTyenny TeMy
41He: YBOJI, ofiroBapajyhu nognacmosy, 3akbydax, JIn-
tepaTypa. [IppouMeHoBaHM ayTOp HpernefHOr pajia Mopa
Ta HaBefle Oap meT ayTomnyTara (Kao ayTop MM KOayTop)
pafoBa My6IMKOBaHMX Y YacOMMCHMA ¢ pelieH3njoM. Ko-
ayTopH, YKOJIMKO UX MMa, MOPajy fia HaBeny 6ap jemaH
ayTOIIMTAT pajioBa TaKohe My6IMKOBaHMX Y JaCOIMCHMA C
penensujom. IIpukas ciydaja wam 6onecHKa YuHe: YBOJ,
(Iws papa HaBeCTH Kao IOCIeN b acyc YBopa), [Ipukas
6onecHrka, [luckycuja, JIuteparypa. He Tpeba kopucturu
yMeHa 60JIeCHIIKa, MHMIMjae, HUTK OpojeBe uctopuja 60-
JIeCTH, HAPOUMTO Y WIycTparjama. [1prkasu 6omecHnka
He CMejy MMaTy BUIIIe Off TIeT ayTopa.

ITpurnore (Taberne, rpaduKoHe, CIMKe UTH.) IOCTAaBUTY Ha
Kpaj PYKOIINCa, a Y CAMOM Te/Ty TeKCTa jaCHO Ha3HAYNTH
MeCTO Koje ce OfIHOCK Ha iaTu mpuior. Kpajmwa nosumuja
npunora 6uhe oxpebena y Toxy npunpeme pajga sa ny6-
NIMKOBambe.

CKPAREHMIE. Kopuctutu camMo Kafia je HEOIIXOTHO,
¥ TO 32 BeOMa JIyrayKe Ha3VBe XeMMjCKUX jefUEberba, Off-
HOCHO HaslBe KOju Cy Kao ckpahenmurie Beh mpemosHar/pu-
Bu (crangapaHe ckpahenune, kao Hnp. [JHK, cuna, XVIB,
ATTI). 3a cBaky ckpaheHUIly IyH TepMuH Tpeba HaBeCTU
IIpY IPBOM HaBODemY Y TEKCTY, CeM aKo HIfje CTaH#apHa
jemuania Mepe. He kopuctuty ckpahenniie y Hacnosy.
Vs6eraBatn xopuirheme ckpaheHnIa y caxxeTKy, ajii ako
CY HEOIIXOffHe, CBaKy cKpaheHMIly 06jacHNTY IpU IPBOM
HaBoDemy y TEKCTY.

TEOVIMATHU BPOJEBI. V TeKcTy pafia Ha €HITIECKOM
jesnky, y Tabenmama, Ha TpadMKOHMMA ¥ IPYTVIM ITPUIIO-
3¥Ma JeluMaHe OpojeBe MUcaTy ca TayKoM (HIp. 12.5
* 3.8), a y TEeKCTy Ha CPIICKOM je3MKy ca 3ape3oM (HIIp.
12,5 £ 3,8). Kap rog je To Moryhe, 6poj 3aokpyxutu Ha
jenHy JenuMary.

JEOVUHWITE MEPA. Jly>xuny, BUCUHY, TeXKMHY U 3a1Ipe-
MVHY U3paKaBaTy y MeTPUYKIM jeAuHMIIaMa (MeTap — 11,
kutorpaM (rpam) — kg (g), mirap — ) Wiy BUXOBUM JIeTIo-
BuMa. Temmeparypy uspaxxaparu y cterennMa Iensujyca
(°C), xonuuuHy cyncTanle y Monuma (mol), a mputucak
KpBM y MUIMMeTPUMa XUBKHOT cTyba (mm Hg). CBe
pesynTare XeMaTOIONIKNX, KIMHWYKNX M 6MOXeMUjCKIX
Mepera HaBOJWUTHU Y METPUYKOM CUCTeMy mpema Meby-
HapOIHOM cucTeMy jemuunia (SI).
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OBVIM PAJTOBA. IlenokynHu pyKonuc pajia KOju YnHe
— HAaCJIOBHA CTPaHa, Ca’KeTaK, TeKCT Pajia, CIMCaK JIMTepa-
Type, CBY TIPUIO3Y, OHOCHO TOTIINCY 3a HUX U JIETeHIa
(taberne, cnuke, rpadMKOHM, CXeMe, LIPTEXM), HACTIOBHA
CTpaHa U Ca)kKeTaK Ha CPIICKOM je3VMKYy — MOpa M3HOCUTHU
3a OPUTHHAIHY Pajfl, paji U3 MICTOPHje MeUIIVHE U Tpe-
rnep mureparype o 5000 peyn, a 3a IPETXOZHO U KPATKO
CAOIIITebeE, IPUKa3 60/IECHNKA, aKTYeTHY TeMY, pafi 3a
IpaKCy, efyKaTYBHY YWIAHAK U paf 3a pyOpUKY ,,]e3uk Me-
puiyHe 1o 3000 peuy; pajoBY 3a OCTate pyOpuKe MOry
nMary Hajume 1500 peun.

Bupeo-panoBu Mory TpajaTu 5-7 MuHyTa 1 6UTH Y popMa-
Ty avi, mp4(flv). Y mpsoM xazipy ¢uamMa Mopa ce HaBecTI:
y HaiHacmoBy CpIICKM apXVB 32 LIeJIOKYITHO TeKapCTBO,
HACTIOB pajia, Ipe3VMeHa U MHUIIVjay IMeHa U CPefEbeT
C7I0Ba CBMX ayTopa paja (He ¢puama), rofuHa uspage. Y
IPYTOM Kafpy MOpa OMTHU YCHUM/bEH TeKCT paja y BULY
arcTpakTa fjo 350 peun. Y mocnenmeM Kapy GpumMa Mory
Ce HaBeCT MMeHa TeXHIIKOT 0cob7ba (pexija, CHUMATeTb,
CBET/IO, TOH, GpoTorpaduja 1 ci1.). Y3 Bujeo-pamose foc-
TaBUTU: TOCEOHO TEKCT y BUAY arcTpakTa (o 350 peun),
jenHy ¢ororpadujy Kao MirycTpauujy npukasa, usjaBy
HOTIIMCAHY Of CBET TEXHIYKOT 0co6/ba fla ce Ofpuyy ay-
TOPCKMX ITpaBa y KOPUCT ayTopa paja.

IIPVUIO3M PALTY cy tabene, cnuke (pororpaduje, up-
TEXM, CXeMe, IpadVKOHM) M BULIEO-TIPUIO3NL.

CBaka Tabena Tpeba ma 6yge cama 1o ce6y 1ako pas-
ymmpuBa. Hacnos Tpeba oTkyuary usHap taberne, a
objammema ncroy we. Taberre ce 03HavaBajy apancKuM
6pojeByMa mpema pegocneqy HaBobhema y Texcry. Ta-
6erne IpTaTH UCK/BYUNBO y Iporpamy Word, kpo3 MeHI
Table-Insert-"Table, y3 neduHycarme TayHOT 6pOja KOTOHA
u pefoBa Koju he unHNTH Mpexy Taberne. [JecHUM KIMKOM
Ha muiny - nnomohy onnuja Merge Cells u Split Cells -
crajaTi, ogHocHo femmty henuje. Kynatn ponrom Times
New Roman, Benmu4nHOM cnoBa 12 pt, ¢ jefTHOCTPYKUM
mpopenoM 1 6e3 yBradera Tekcra. Kopumrhene ckpahe-
Hulle y Tabenu Tpeba 06jacHUTH Y IeTeHAM UCIIOF, Tabe-
7e. YKOJIMKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUIOKNUTH
HasuBe Tabea U eTeHAy Ha 00a jesuka. Takobe, y jenny
Tabeny, y OKBUpPY 1cTe henuje, yHeTI U TEKCT Ha CPIICKOM
U TEKCT Ha €HIVIECKOM je3UKy (HMKAKO He IIPaBUTH [iBe
Tabere ca fiBa jesukal).

Ciuke cy cBy 06/ rpadU4Kmx OpyUjIora U Kao ,,CimKe”
y CA ce 06jaBmyjy dororpaduje, ipresxn, cxeme u rpadu-
koHM. C/IMKe 03HaYaBajy ce aparlcKuM 6pojeBuMa ImpeMa
penmocneny HaBohema y Tekcty. IIpuMajy ce CKk/bydInBo
pururante ¢pororpaduje (pHO-6eme umm y 60ju) peso-
nynuje Hajmame 300 dpi u dopmara sanica tiff unu jpg
(Mae, MyTHe 1 CIMKe JIOIIEr KBanuTeTa Hehe ce mprxBa-
TaTy 3a MTaMname!). YKONMMKO ayTopy He MOCeRyjy M
HICY y MoryhHOCTH fia locTaBe gurnTante pororpaduje,
OHJIa OPUTVMHAJIHE CTMKe Tpeba CKeHNPATHU Y Pe30myyjn
300 dpi u'y OpUTMHATHOj BETMYMHN. YKOIMKO je paj Heo-
IIXOJTHO VTyCTPOBATH Ca BUIIle CIMKa, y pany he ux 6uru
00jaB/beHO HEKOJIMKO, a ocTasie he 6utn y e-Bep3uju wiaH-

Ka Kao PowerPoint mpe3eHTanja (cBaka cmka Mopa 6uTu
HyMepJCaHa VI IMaTy JIETeH]TY).

Bupneo-npunosu (mnycrpannje pafa) Mory Tpajaru 1-3
MUHyTa 1 6utn y opmary avi, mp4(flv). ¥3 Bugeo moc-
TaBUTH ITOCEOHO CUKY Koja 61 Ou/Ia MaycTparja BUeo-
IpHKasa y e-M3hamy U 06jaB/beHa y ITaMIIAHOM M3JIakbY.
YKOMMKO je pyKOIMC Ha CPIICKOM je3UKY, IIPUIOKWUTH Ha-
3UBe C/IMKa 1 JIETeH/Ty Ha 00a je3nKa.

Cruke ce y cBecIM MOTY IITAMIATH y 60ju, anu JofaTHe
TPOLIKOBE IITaMIle CHOCE ayTOPH.

Ipadukonu tpeba ga 6yny ypahennu u focrasbeHn y mpo-
rpamy Excel, ma 6u ce Bupene mpatehe BpefHOCTH pacIio-
pebene o henujama. Vicre rpadukoHe npexonupaTii u y
Word-oB foKyMeHT, rjje ce rpaduKOHN O3HaYaBajy apar-
cknM 6pojeBrMa IpeMa pefociefy HaBohema y TeKCTy.
Csu nopaiy Ha rpadukoHy Kyuajy ce y donry Times New
Roman. Kopuuthene ckpahennue Ha rpaduxony tpeba
00jacHUTH y JIeTeHU UCTION rpaduKoHa. Y IMITaMIIaHoOj
Bep3Mju WIaHKa BepoBaTHIje je fa rpadukoH Hehe 6urtn
IITaMIIaH y 60ju, Te je 6ojbe u3beraBary kopuinhemwe 60ja
y TpaduKOHMMa, WV X KOPUCTUTY PA3/INIUTOT MHTEH3N-
TeTa. YKONKO je PYKOIINC Ha CPIICKOM je3UKY, IPUIOXUTH
HasuBe rpaduKOHa Vi JIeTeH/y Ha 00a jesyKa.

IIprexu u cxeMe ce HOCTaBIbajy y jpg wiu tiff popma-
Ty. CxeMe ce Mory upTaru u 'y nporpamy CorelDraw wmu
Adobe Illustrator (mporpamu 3a paj ca BeKTOpKMa, KpyBa-
Ma). CBM Iofjaliy Ha CXeMU Ky1iajy ce y donty Times New
Roman, BemmunHa crosa 10 pt. Kopumhene ckpahenuie
Ha cxeMyt Tpeba 06jaCHUTI y JTeTeH/M NCTIOf, CXeMe. YKO-
JIIKO je PYKOIIVC Ha CPIICKOM je3UKY, TIPUITOXKNTI Ha3VBe
cXeMa U JIeTeH/y Ha 00a jesuKa.

3AXBATHUITA. HaBectu cBe capajHMKe KOju Cy JOIIPU-
HeJN CTBapamy pajia a He NCIYaBajy MeplIa 3a ayTop-
CTBO, Kao0 LITO Cy 0cobe Koje 06e36ebyjy TeXxHUYKY mo-
Moh, moMoh y nvcamy paja M pyKoBojie ofie/berbeM Koje
06e36ehyje omuty noppiky. GuHaHCKjCKa 1 MaTepyjaHa
nomoh, y 061Ky CIIOH30PCTBa, CTUIICHM]ja, TOK/IOHa,
olpeMe, IeKOBa I IpyTo, Tpeda Takobe fa Oyne HaBeneHa.

JIMTEPATYPA. Cnucax pedepeHIiu je OITOBOPHOCT ay-
TOpAa, @ IUTUPAHN WIaHIM Tpeba fa Oyay mako IpUCTY-
MavHM YnTaolyMa Jaconuca. Crora y3 caky pedepeHiy
ob6aBe3Ho Tpeba HaBecTyt DOI 6poj uiaHKa (jefHCTBEHY
HIICKY KapaKTepa Koja My je goperbeHa) u PMID 6poj yxo-
JIMKO je YIaHaK MHAeKcupaH y 6asu PubMed/MEDLINE.

Pecdepeniie HymepucaTu pefHUM apancKuM 6pojeBrMa
mpeMa pefocieny HaBohema y TekcTy. bpoj pedepenmu
He 61 Tpebano fa O6yne Behu ox 30, ocuM y mperieny nu-
TepaType, Y KOjeM je J03BO/beHO fia uX Oyze go 50, m'y
MeTaaHajusl, Ihe UX je fosBosbeHo o 100. bpoj nurn-
PaHNX OPUTMHATHMX pafioBa Mopa 6uTu HajMame 80%
oJ1 YKyIHOT 6poja pedepeHIu, OfHOCHO 6poj unuTHpa-
HUX KEbUTA, TIOI7IaB/ba Y KIbJIaMa U IPerefHNX YIaHaKa
Mam off 20%. Ykomuko ce fomahe MoHOTpadcke my6mm-



INSTRUCTIONS FOR AUTHORS

Kallyje M WIAHIY MOTyY YBPCTUTH Y pedepeHLie, ayTopu
Cy OY>KHM a UX uuTupajy. Behnua nurupannx naydumx
YlaHaKa He 61 Tpe6ano ga 6yne ctapuja off IeT Tofu-
Ha. Huje 103BOJ/beHO IMTHpabe alicTpaKaTa. YKOIMKO je
OMTHO KOMEHTAPUCATH Pesy/ITare KOjy Cy My0/IMKOBaHN
CaMo y BUJIy alICTPAKTa, HEOIIXOJHO je TO HABECTU Y CAMOM
TeKCTy pajia. Pedpepeniie unanaka koju cy npuxsahenn
3a LITAMIIY, a/Ii1 jOILI HICY 00jaB/beH N, Tpeba 03HAUNTI
ca in press ¥ IPUIOKUTI JOKA3 O IPUXBaTaby pajia 3a
objaB/buBambe.

Pedepenue ce nutnpajy npema Bankysepckom ctumy
(yHudopmmcaHnM 3axTeBrMa 3a PYKOIIVCe KOjI ce Tpe-
Tajy 6MOMeNMIIMHCKIM YacOIICHMa), KO je YCIIOCTaBIO
MebhyHapogHy KOMNUTET ypeFHIMKA MEINIIMHCKUX Jaco-
nca (http://www.icmje.org), unju popmat xopucte U.S.
National Library of Medicine n 6a3e Hay4yHUX IyOIuKa-
nyja. [Tpumepe naBobhema mybnukanuja (41aHaka, Kibura
U IPYTUX MOHOTpadmja, eeKTPOHCKOT, Heo0jaB/beHOT U
Ipyror o6jaB/beHOT MaTepujaja) MOTy ce mpoHahm Ha MH-
TepHeT-CTpanunm http://www.nlm.nih.gov/bsd/uniform_
requirements.html. [IpunukomM HaBobemwa nmureparype
BeoMa je BaYKHO IIPUAPKABaTHU Ce IIOMEHYTOT CTaHAap/a,
jep je To jemaH of HajOUTHUjUX PaKTOpa 3a MHEKCHpalbe
IPUIMKOM KTacudyKaIyje HayYHUX 4acoMca.

ITPOITPATHO ITMCMO (SUBMISSION LETTER). V3
pyKormuc 06aBe3HO IPUIOKUTU 06pasall Koju Cy ITOTIN-
CaJIM CBU ayTOPY, @ KOjy Caiip>ku: 1) u3jaBy fa paj mper-
XOJIHO HUje MyOIMKOBaH U Jja HUje UCTOBPEMEHO ITOTHET
3a 00jaB/bMBabe Y HEKOM JIPYIOM YacoIVCY, 2) U3jaBy fa
CY PYKOIIVC IIPOYNTAIIY ¥ OFOOPIIN CBU ayTOPY KOjI HC-
IyHaBajy Mepua ayTOpCTBa, 1 3) KOHTAKT MOJATKe CBUX
aytopay pany (agpece, uMmejn agpece, TenedoHe UTH.).
branko obpasar Tpeba mpeyseTy ca UHTEPHET-CTPaHNIIe
vacomuca (http://www.srpskiarhiv.rs).

Taxobe je moTpe6HO FOCTaBUTH KONMje CBUX [HO3BOTIA
3a: perpoayKoBabe IPeTXOfHO 00jaB/beHOT MaTepljaa,
ymorpe6by mwrycrpanuja 1 ob6jaBbuBame nHpopMamja o
HO3HATIM JbYAVMA VIV IMEHOBabe /by KOjU CY JOIIPU-
HeJIV M3pafiyt paja.

YITAHAPUHA, IIPETIUTATA 1 HAKHAJIA 3A OB-
PATY YTAHKA. Jla 6u pan 6mo o6jaB/beH y aconucy
Cpiicku apxue 3a 1enoKyiHo 1eKapcitiéo, CBU ayTOpy KOju
cy nexapu wm cromatonosu u3 Cpbuje Mopajy 61Ty 4ia-
HoBY CPIICKOT JIeKapCKOT APYIITBa (Y CKIafly ca WIaHOM
6. Craryra JIpymTsa) 1 USMMPUTHU HaKHaAy 3a o6pamy
unaHaka (Article Processing Charge) y ussnocy og, 3000 mu-
Hapa. AyTOpu ¥ KOayTOpU U3 MHOCTPAHCTBA Cy Y 06aBesn
Ia ITaTe HaKHaAy 3a obpany wianaka (Article Processing
Charge) y usHocy ox 35 eBpa. YIiara y jefiHoOj KameHaap-
CKOj TofMHM 00yXBaTa M CBe Hape[He, eBeHTYaTHe YWIaHKe,
HoCyIaTe Ha pasMaTparbe y Toj rogyHu. CBI ayTOpy KoOju

IIaTe OBY HAKHAJ[Y MOTY, YKOIMKO TO JKeJle, la MpUMajy
MTaMIIaHO U3Jame Jacomuca. Tpeba HATIOMEHYTH Jja
OBa yIUIaTa Hyje rapaHiyja ga he pay 6utu npuxsahen
u 06jaBibeH y Cpiickom apxusy 3a uenokyiHo 1ekapciieo.
O6aBesa mrahamwa HakHazle 3a 00pafly YWIaHKa He OTHOCK
ce Ha CTyfleHTe OCHOBHMX CTY/¥ja VI Ha TIPETIUIATHMKE Ha
JacoIuc.

YcraHoBe (TIpaBHa TUIIa) He MOTY ITPEKO CBOje MpeTIUIaTe
7la MICITyHe 0Baj yCIoB ayTopa ($uU3IdKor amIa). Y3 pyko-
mc paga Tpeba [OCTaBUTU KOIMje YIIATHUIIA 32 WiaHa-
PUHY U IIPETIVIaTy / HaKHay 3a 00pajy YIaHKa, Kao JoKa3
0 yIUTaTaMa, yKOJIMKO M3/jaBad HeMa eBUACHLINjY O TOMe.
Yacomuc mpuxsara JOHaLuje Off CIOH30pa KOji CHOCE f1e0
TPOILIKOBA M/IV TPOLIKOBE y LIe/IMHN OHUX ayTOpa KOju
Hucy y MoryhHOCTH fia M3Mype HaKHaAy 3a 0Opafy YWiaHKa
(y TaxBuM cry4ajeBuMa HOTPe6HO je YaCOMUCY CTaBUTH
Ha YBUJ OIIPaBJaHOCT TAKBOT CIOH30PCTBA).

CJTAIBE PYKOIIMCA. Pyxomnuc pajia u CBM IPUIO3K Y3
Paji IOCTaBIbajy ce MCKIbYUMBO eNeKTPOHCKM IIPEKO CHCTe-
Ma 3a TIpMjaB/bUBambe Ha MHTEPHET-CTPAHNIV YacOMMca:
http://www.srpskiarhiv.rs

HAIIOMEHA. Paj xoju He ncnymaBa ycloBe OBOT YIIYT-
cTBa He MOXKe 6utu yyheH Ha pereHsujy u 6uhe Bpahen
ayTopMMa Jia ra IoMyHe 1 ucnpase. [IpnpkaBarmeM yyT-
CTBa 3a IPUIIPEMY pajia 3HaTHO he ce ckpaTuT Bpeme
IeIOKYITHOT TIpoIieca 1o 06jaB/biBaba pajia y 4acoIcy,
mTo he MO3UTUBHO YyTULIATH Ha KBAaINTET WIaHAKa U pe-
TOBHOCT M3/Ta’Kerba JacoIInca.

3a cBe fomaTHe MHpOPMaIVje, MOTIMO Jja ce obparuTe
Ha JloJIe HaBefleHe afipece 1 6poj TenedoHa.
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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
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